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The only material standard of customary length authorized by the U.S. Government is the Troughton 
scale, whose length at 59°.62 Fahr. conforms to the British standard, The yard in use in the United States is 
therefore equal to the British yard. 

The only authorized material standard of customary weight is the Troy pound (5,760 grains) of the Mint. 
It is of brass of unknown density, and therefore not suitable for a standard of mass. It was derived from 
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the British standard Troy pound of 1758 by direct comparison. The British avoirdupois pound was also 
derived from the latter, and contains 7,000 grains troy. 

The grain Troy is therefore the same as the grain avoirdupois, and the pound avoirdupois in use in the 
United States is equal to the British pound avoirdupois. 

The British gallon = 454346 liters. 

The British bushel = 36°3477 liters. 

By the concurrent action of the principal Governments of the world an International Bureau of Weights 
and Measures has been established near Paris. Under the direction of the International Committee, two ingots 
were cast of pure platinum-iridium in the proportion of 9 parts of the former to 1 of the latter metal. From 
one of these a certain number of kilograms were prepared, from the other a definite number of meter bars. 
These standards of weight and length were intercompared, without preference, and certain ones were selected 
as International prototype standards. The others were distributed by lot to the different Governments and are 
called National prototype standards. 

The metric system was legalized in the United States in 1866. 

The International Standard Meter is derived from the Metre des Archives, and its length is defined by the 
distance between two lines at 0° Centigrade, on a platinum-iridium bar deposited at the International Bureau 
of Weights and Measures. 

The International Standard Kilogram is a mass of platinum-iridium deposited at the same place, and its 
weight in vacuo is the same as that of the Kilogramme des Archives. 

The liter is equal to a cubic decimeter of water, and it is measured by the quantity of distilled water which, 
at its maximum density, will counterpoise the standard kilogram in a vacuum, the volume of such a quantity 
of water being, as nearly as has been ascertained, equal to a cubic decimeter. 


Long ton: 2240 lb. avoirdupois =1016 kilogram. Barrel of petroleum 42 gal. = 1°59 hectoliter. 


Short ton: 2000 ‘‘ : = 907°2 £ ** salt = 280lb. =127 kilogram. 
Pound avoirdupois = 453°6 grams. sos Ss lime = 200 ** ~= 90°720 us 
Flask of Mercury=764 lb. avoir. = 347 kilograms. ‘¢ ** natural cement, = 300 ‘ =136°080 ie 
Troy ounce = 81:104 grams. “© = Portland cement. = 400 ‘* =181°440 a 
Gallon =  3°786 liters. Gold coining value per oz. Troy $20°6718=$0°6646 per gram. 
Silver ‘ ne “f Troy $1°2929=$0'04157 ‘ 
OFFICIAL UNITED STATES VALUES OF FOREIGN COINS, JULY 1, 1902. 
: 76 
. s V Blue 
Country. | 8&8 Unit. U.S. Coins. 
| 2 Gold 
| cts. 
Argentina. ........ Gold |Peso....... 96°5 |Gold: argentine ($4'824) and }argentine. Silver: peso and divisions. 
\ Gold: former system—4 florins ($1°929), 8 florins ($3°858), ducat 
Austria-Hungary..|Gold |Crown...... 20°3 ($2°287), and 4 ducats ($9°149). Silver: 1 and 2 florins. 
| Present system—Gold: 20 crowns ($4052) and 10 crowns ($2026). 
Belgium ........+6- Gold |Franc...... 19°3 |Gold: 10 and 20 frances. Silver: 5 francs. 
Bolivia. .....ceeeee- Silver|Boliviano...| 88°2 |Silver: boliviano and divisions. 
Brazil. .is cc. eccences Gold |Milreis..... 54°6 |Gold: 5, 10, and 20 milreis. Silver: +, 1, and 2 milreis. 
Canada... ce es. Gold |Dollar...... 100°0 
Central America... 
Costa Rica......- Gold |Colon...... 465 |Gold: 2,5, 10, and 20 colons ($9°307). Silver: 5, 10, 25, and 50 centimos. 
British Honduras/Gold |Dollar...... 100°0 
Guatemala..... | 
er "**" | |Silver|Peso......+. 382 |Silver: peso and divisions. 
Galvadar: ccc s4 
@Wnle od die ore ones Gold |Peso........ 365 |Gold; escudo ($1'825), doubloon ($3'650), and condor ($7300). Silver: 
peso and divisions. 
@Ghinas essere Silver|Tael* ...... 62:9 
Colombia.......... Silver;Peso........ 38°2 |Gold: condor ($9°647) and double condor. Silver: peso. 
Oli hee sadockoono Gold |Peso....... 92°6 |Gold: doubloon Isabella, centem ($5'017). Alphonse ($4°823). Silver: 
eso. 
Denmark.......... Gold |Crown..... 26°8 Gola: 10 and 20 crowns. 
PICUAGOL sess sieisees Gold |Sucre...... 48:7 |Gold: 10 sucres ($4'8665). Silver: sucre and divisions. 
Bi oy urvsis aw sige viet Gold |Pound...... 494°3 |Gold: pound (100 piasters), 5, 10, 20, and 50 piasters. Silver: 1, 2,5, 
10 and 20 piasters. 
j abel halaman] Gold 'Mark ...... 19°3 ;Gold: 20 marks (3859), 10 marks ($1°93). 
BOVANCOn sects sicee Goid |Franc...... 19°3 |Gold: 5, 10, 20, 50, and 100 franes. Silver: 5 francs. 
German Empire....|Gold |Mark . ....| 23°8 |Gold: 5, 10, and 20 marks. 
Greece Gold |Drachma...| 19°3 {Gold: 5, 10, 20, 50 and 100 drachmas. Silver: 5 drachmas. 
BASES, Geteue acaeieeveretet> Gold |Gourde....| 96°5 |Gold: 1, 2,5 and 10 gourdes. Silver: gourde and divisions. 
India Gold |Pound+....|486°65|Gold: sovereign (pound sterling). Silver: rupee and divisions. 
lui\oee sagonsbougne Gold |Lira........ 19°3 |Gold: 5, 10, 20, 50 and 100 lire. Silver: 5 lire. 
JAPAN. 5... ses sces es Gold [Yen........| 49°8 |Gold: 5, 10,and 20 yen. Silver: 10, 20, and 50 sen. 
Liberia .....5es..s Gold |Dollar...... 100°0 
MEXICO. 00. 00000ss- Silver|Dollar...... 41°5 |Gold: dollar ($0°983), 23, 5, 10, and 20 dollars. Silver: dollar (or 
peso) and divisions. 
Netherlands.......- Gold |Florin......| 40°2 |Gold: 10 florins. Silver: 3, 1, and 24 florins. 
Newfoundland......|Gold |Dollar...... 101-4 |Gold: 2 dollars ($2027). 
NNOrway ...--escecee Gold |Crown......| 26°8 |Gold: 10 and 20 crowns. 
TPOTSi asia siccciepelersis sees Silver|Kran....... 7.0 |Gold: 14, 1 and 2 tomans ($3'409). Silver: 14, 14, 1, 2 and 5 krans. 
POI a iarais ove rsisiele esters Gold |Sol......... 48° |Gold: libra ($4'8665). Silver: sol and divisions. 
MORGUE stasis elets Gold |Milreis..... 108°0 |Gold: 1, 2, 5, and 10 milreis. 
RUSSIA... oi. cece esse Gold |Ruble...... 51°5 |Gold: imperial 15 rubles ($7°718) and } imperial, 7} rubles ($3'859). 
Silver: 4, 4, and 1 ruble. ; 
SAID cieccwiecinee Gold |Peseta...... 19°3 |Gold: 25 pesetas. Silver: 5 pesetas. 
Sweden...........+. Gold |Crown..... 26°8 |Gold: 10 and 20 crowns. 
Switzerland........ Gold |Franc...... 19°3 |Gold: 5, 10, 20,50 and 100 frances. Silver: 5 francs. 
MULKOY? «5 ko cieisaie cs Gold |Piaster ....| 4'4 |Gold: 25, 50, 100, 250, and 500 piasters. 
United Kingdom../Gold |Pound......(486°65 \Gold: sovereign (pound sterling) and 4 sovereign. 
UNrucuay fine ce. ns Gold |Peso....... 103°4 |Gold: peso. Silver: peso and divisions. 
Venezuela.......... Gold |Bolivar....| 19°3 |Gold: 5, 10, 20, 50, and 100 bolivars. Silver: 5 bolivars. 


* Haikwan (Customs). + The sovereign is the standard coin of India, but the rupee ($0°324) is the money 
of account, current at 15 to the sovereign. 
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Ir is impossible to name here all who have aided -us in the collection of statistics and 
other information for the present volume, but we give in the following pages brief 
biographies of the most of those who have contributed special articles, in order that readers 
may appreciate the high professional standing of those who have assisted in the work. 

Besides the contributors of special articles, however, the preparation of this volume has 
been aided by the courteous co-operation of many thousands of producers who have 
furnished statistics of their output, and by many persons prominent in various branches 
of the mineral industry who have given special information. Exceedingly valuable 
assistance has been furnished also by the officials of many railways in the United States 
and Mexico, and by the State geologists, commissioners of mines, and inspectors of 
mines in most of the States of the Union. The statisticians of foreign countries have been 
extremely courteous in their co-operation, by furnishing copies of their latest publications, 
often in manuscripts. Professional men and experts of the whole world have rendered 
exceedingly valuable assistance, as have also the officials of the United States Government 
at Washington and abroad, and have added greatly to the value of this work. Among 
the thousands who have thus aided us, and by their assistance made possible the publica- 
tion of this volume, as well as its predecessors, it would be invidious to select names, 
and in making such an attempt we should not know where to draw the line, since the 
contributions of almost all have been indispensable. Consequently we have decided to 
limit ourselves to this general acknowledgment, relying upon the belief that each of our 
friends will feel amply repaid for his work in the knowledge that he has contributed to 
the preparation of a volume which is everywhere recognized to be of the highest value 
to the mineral industry of the world. This high appreciation has been generously and 
delicately expressed by the French “Société d’Encouragement pour |’Industrie Nationale,” 
which, since the appearance of Vol. VI., has granted to THE MINERAL INDUSTRY and its 
founder, the magnificent gold medal of the society, which is voted to the work or the 
author of the work, which, during the six preceding years, has contributed most to the 
cause of the national industry. 


ARGALL, PHILIP, was born in 1854, near Belfast, Ireland, and gained his first experience 
in mining at the Wicklow copper mines of that island. Since then he has been engaged 
in important mining and metallurgical work in Wales, England, France, New Zealand, 
Mexico, and elsewhere. He came to the United States early in 1887 as manager of 
La Plata Mining & Smelting Co., of Leadville, Colo. During the last nine years Mr. 
Argall has devoted his attention to the treatment of ores by the cyanide process, and 
has taken a leading position in this field. He designed the works of the Metallic Ex- 
traction Co., at Cyanide, Colo., in 1895, and managed them until February, 1901, when 
he resigned to resume the practice of consulting mining and metallurgical engineer. His 
success in the treatment of telluride ores on a large scale, has commanded much atten- 
tion in metallurgical circles. For Volume VI. he wrote an article on “Cyaniding Telluride 
Ores,” which is recognized as the most authoritative discussion of this subject published. 
To the present volume Mr. Argall contributes the paper “Zine versus Electrolytic Pre- 
cipitation.” 

BIRKINBINE, JOHN, was educated at the public schools, the Friends’ High School, Phila- 
delphia, the Hill School, Pottstown, and the Polytechnic College of Pennsylvania, and— 
later entered the army service during parts of 1863 and 1864. Mr. Birkinbine has been 
actively engaged in many important hydrographic surveys and continues as consulting 
engineer in this specialty. Mr. Birkinbine has reported upon iron ore mines and others 
in most of the States, Canada and Mexico, and was a pioneer in recommending the 
establishment of blast furnaces on the Great Lakes. He was consulting engineer for the 
receivers of the Philadelphia & Reading Coal & Iron Co., and acted also as consulting 
engineer for Mr. Thomas A. Edison and for Messrs. Witherbee, Sherman & Co. At the 
present time he is the consulting engineer for the Cambria Steel Co., the Colorado Fuel 
& Iron Co., and other important corporations. Mr. Birkinbine is the expert on iron ore 
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and manganese ores for the United States Geological Survey, and in 1889 he prepared 
the report on iron ores for the Kleventh Census. For many years Mr. Birkinbine has been 
a member of the American Institute of Mining Engineers, and other prominent associa- 
tions. He is president of the Franklin Institute of Philadelphia, as well as of the Pennsyl- 
vania Forestry Association. He served on the Jury of Award of the World’s Columbian 
Exposition, of the Cotton States & International Exposition, and of the Pan American 
Exposition, ete. To the present volume he contributes the monograph, “Modern Improve- 
ments in the Manufacture of Pig Iron.” 


BREWER, WILLIAM M., was born in England, and acquired his education principally at 
the Philological School. He was a pioneer in the Black Hills of South Dakota, and learned 
practical mining and milling at the works of the Homestake Co. Mr. Brewer began 
practice as a consulting mining engineer and geologist in 1890, and examined and reported 
on the gold fields of Alabama in 1895, and reopened the old gold mine in Cherokee County, 
Georgia. He has made examinations in the Black Hills of South Dakota,. in Arizona, 
Colorado, the Southern States, and British Columbia, and during 1901 traveled through 
British Columbia and southeastern Alaska on expert work. He is a member of a number 
of engineering societies, and has contributed to their proceedings and to the Hngineering 
and Mining Journal. He contributes to the present volume the reviews for 1901 of gold 
and silver mining in Alaska and British Columbia, and copper mining in Canada. 

CARPENTER, FRANKLIN R., was born in West Virginia. Educated as an engineer, with 
the degrees of M.A. and Ph.D., he began his mining work in the West Virginia coal and 
oil fields, and continued it in Colorado. In 1886, as Principal and. Professor of Geology 
and Mining in the South Dakota School of Mines, he adapted the Kongsberg process of 
pyritic smelting to the South Dakota siliceous ores. For 10 years he was general manager 
of the Deadwood & Delaware Smelting Co. works, whose plant he designed and_ built. 
He designed also the plant for the Clear Creek Mining & Reduction Co., at Golden, Colo., 
of which company he is now general manager. Dr. Carpenter is a fellow of the Geological 
Society of America and of the American Institute of Mining Engineers. To the Institute 
he has contributed several papers, and other essays from his pen have treated of the 
geology and the mines of the Black Hills, and of pyritic smelting. To this volume Dr. 
Carpenter contributes the paper, ‘‘Pyritic Smelting.” 

DovucLas, JAMES, was born in Canada, but has made his home in the United States 
since 1875. His first experience in mining and metallurgy was acquired in trying to 
unravel the complicated affairs of an unsuccessful Canadian mining enterprise. He 
came to the States in order to take charge of copper works established in Pheenixville, 
Pa., for the utilization of local copper ores, whose supply, however, proved deficient ; 
but he is best known through his connection with the copper industry of Arizona, with 
which he has been intimately associated almost since its initiation. He is a past presi- 
dent of the American Institute of Mining Engineers, and president of the Copper Queen 
Consolidated Mining Co., and of other Arizona concerns, including the Arizona & South-. 
eastern Railroad Co. Such original work as he has done was chiefly in connection with 
the late eminent chemist, Dr. T. Sterry Hunt, in the field of the hydrometallurgy of 
copper. Mr. Douglas has contributed to the present volume the notes on the copper 
industry in Arizona. 

DRAKE, FRANK, was graduated from the Michigan College of Mines in 1890, and after- 
ward studied engineering and metallurgy at the Massachusetts Institute of Technology. 
He was employed at iron and copper mines in Michigan and at silver mines in Colorado 
until 1896, when he became superintendent of manganese mines in Russia for the 
Nicopol-Marioopol Mining & Metallurgical Co. While engaged with this organization he 
examined in its interest iron and manganese mines in various parts of Russia and the 
Caucasus. On returning from Russia in 1898 he became assistant manager of the War 


Eagle and Center Star gold-copper mines, B. C., resigning this position later to become 
chief engineer of the Oliver Tron Mining Co., and upon the formation of the United States 
Steel Corporation he became chief engineer of its iron mines. Mr. Drake contributes to 
this volume the paper, “The Nicopol Manganese District in Southern Russia.” 
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EckeL, Epwin C., was graduated from the School of Civil Engineering, New York 
University, in 1896, and supplemented his college work with a post-graduate course in 
geology under Prof. J. J. Stevenson. In 1899 he became connected with the New York 
State Museum, and received an appointment as Assistant in Geology in 1900. Mr. Eckel 
has published reports on the cements of New York State, on the quarry industry, the 
emery deposits of Westchester County, N. Y., and on several minor economic products. 
He has also reported, for the U. 8S. Geological Survey, on the clays of western Mississippi 
and Tennessee, and has published a number of papers, chiefly on cement technology. Mr. 
Eckel is a member of the American Society of Civil Engineers, and of the Society of 
Chemical Industry, and to the present volume he contributes the article on “The Slag 
Cement Industry in the United States during 1901.” 


DvorKkovirz, PauL, in 1877-78 was appointed sanitary chemist to the hospital of the 
Princess of Oldeburg in the Russo-Turkish war. Afterward he studied chemistry at 
the University of Moscow, and in 1883 he took the position of technical manager of an 
oil refinery at Baku. There he discovered a method of utilizing the soda and acid by- 
products obtained in course of refining, and invented a special still for continuous dis- 
tillation. Later, in England, Mr. Dvorkovitz worked to develop the use of solar oil for 
enriching water gas, and he invented an apparatus for gasifying oil and producing 
aromatic hydrocarbons. Five years ago he puilt for the Mineral Oils Corporation in London 
the first refinery in England, and prepared all the plans for another large refinery erected 
by the Shell Transport & Trading Co., Ltd., in Borneo. In 1899 he started the Petroleum 
Review, and in 1900, the Oi World. In 1900 Mr. Dvorkovitz was instrumental in 
forming the petroleum congress in Paris, in August, which resulted in the establishing 
of a permanent commission for organizing international petroleum congresses every two 
years in the future, with a central committee in Paris, and local committees all over the 
world. Mr. Dvorkovitz contributes to this volume the paper, “Petroleum.” 


Faupine, F, J., was born in Kngland and was educated at Amersham Hall, London, 
and at the Bergakademie at Freiberg in Saxony, although he did-not graduate from the 
latter. In 1878-79 he made a study of the Canadian apatite deposits, and in 1880 returned 
to Europe, where he studied the manufacture of sulphuric acid and fertilizers in England 
and Germany. In 1881 he returned to Canada and unwatered the Capelton pyrites mines, 
now worked by the Nichols Chemical Co. From 1882 to 1886 he practiced as a mining 
engineer, with headquarters in New York, making a specialty of pyrites and phosphate 
mining. In 1888 he entered the employ of the Grasselli Chemical Co. as engineer, in charge 
of its mines, becoming in 1890 the chief engineer. During this time he designed the. 
company’s new works at East Chicago, Ill. In 1889 he was one of the charter members 
and first directors of the Canadian Institute of Mining Engineers. Tn 1895 he established 
himself in New York as a consulting chemical engineer, since when he has constructed and 
rebuilt many sulphuric acid plants in various parts of the United States. He contributes 
to this volume the paper, “Progress in the Sulphuric Acid Industry in 1901.” 


Hecoxscurr, AuGusT, was born at Hamburg, Germany, and educated in Germany and 
Switzerland. He was actively connected with the anthracite coal mining industry in the 
United States from 1868 to 1882, and since 1881 he has been engaged in the zine mining and 
manufacturing industry in New Jersey, Pennsylvania, Illinois, Wisconsin and Missouri. 
At present he is general manager of the New Jersey Zine Co. Mr. Heckscher contributes 
to this volume the review notes on the zine industry of New Jersey. 


Horman, H. O., was born in 1852 at Heidelberg, Germany. He studied at the Berg- 
akademie at Clausthal, where he graduated in 1877 in mining engineering and metal- 
lurgy. He was then appointed chemist and assistant at the smelting and refining works 
at Lautenthal in the Harz. In 1881 he came to the United States and was employed 
successively at Mine La Motte, in Missouri, at the Argentine smelting and refining works 
of the Consolidated Kansas City Smelting & Refining Co., and as metallurgist of the 
Delaware Lead Co., in Philadelphia. When the last named works were closed he went 
to Colorado, and after running the Rico smeltery for a short time went to Park City, Utah, 
to study the amalgamation and lixiviation of silver ores at the Ontario mill. After a 


XXIV CONTRIBUTORS. 


short time spent in charge of a smeltery in Mexico he was appointed assistant to Prof. 
Richards at the Massachusetts Institute of Technology in Boston; from there he went to 
the School of Mines of South Dakota as professor of metallurgy and assaying, where he 
remained until called back to the Massachusetts Institute of Technology to the profes- 
sorship of metallurgy, which he now holds. Dr. Hofman has made numerous contributions 
to technical literature, his most important work being the admirable treatise on The 
Metallurgy of Lead. For his paper on the “Dry Assay of Tin Ores” the degree of Ph.D. 
was conferred on him by the University of Ohio. For the present volume he has con- 
tributed the article “Progress in the Metallurgy of Lead.” 


Hammon, W. H., was born in 1860. He was graduated at Allegheny College, Mead- 
ville, Pa., in 1881, and afterward spent one year in post-graduate work in Columbia Uni- 
versity, Washington, D. C., and two years in advance physical and mathematical work 
at Cornell University, Ithaca, N. Y. In the early eighties he was employed on the 
engineering corps of the Standard Oil interests in the Bradford and adjacent fields, and 
was afterward connected with the United States Weather Bureau, serving as observer 
at Cleveland and St. Louis, and as Forecast Official in St. Louis and San Francisco. In 
January, 1899, he was appointed professor of meteorology in the Weather Bureau, which 
position he shortly afterward resigned to accept a position as assistant to the general 
manager of the Philadelphia Company, at Pittsburg, Pa., which position he still holds. 
Mr. Hammon contributes to this volume the paper “Natural Gas.” 


OLIPHANT, F. H., was born at Uniontown, Fayette County, Pa., August 30, 1845, and 
was graduated from the Polytechnic College of Pennsylvania, at Philadelphia, in 1868, 
receiving the degree of civil engineer. For several years after graduation Mr. Oliphant 
was employed by the Pennsylvania Railroad in construction work, and later in the 
operation of bituminous coal mines in western Pennsylvania and Kentucky. For the 
past fifteen years he has been employed as geologist in the petroleum and natural gas 
fields of the United States and foreign countries, and during the last five years of this 
period he has compiled the reports on petroleum and natural gas for the United States 
Geological Survey. To the present volume Mr. Oliphant contributes the reviews of the 
natural gas and petroleum industry in the United States during 1901. 


HorMANN, OTTOKAR, was born in 1843 at Rusberg, in Austria-Hungary, and educated at 
the Realschule and Polytechnic Institute in Vienna, and the Bergakademie at Freiberg, 
graduating from Freiberg in 1866. In 1867 Mr. Hofmann came to the United States, enter- 
ing the assay office of Guido Kuestel in San Francisco as partner as his first venture. 
Mr. Hofmann has been largely identified with leaching processes for the extraction of 
gold and silver from ores.. In 1868 he erected at La Dura, Sonora, Mexico, the first 
lixiviation works operated in North America, following its success with the construction 
of other works at La Trinidad and San Marcial, Sonora, and Trinufo, Lower California. 
He has served as metallurgist for various amalgamation and chlorination mills in 
Nevada and California, and since 1880 he has _ been occupied almost exclusively in 
hydrometallurgy, having been engaged successively at St. Louis, Mo. (1882-3); Cusihuir- 
iachic, Chihuahua (1885); Yedras, Sinaloa (1886-7); Cusihuiriachiec (1887); Parral, 
Chihuahua (1888); Cusihuiriachic (1890-94); Sombrerete and Parral (1894). In 1895 
Mr. Hofmann took charge of the leaching department of the Consolidated Smelting & 
Refining Co., at Argentine, Kan., and in 1897 he displaced the Hunt & Douglas process 
then in use, by a process which freed, in one operation, copper sulphate solutions from 
iron, arsenic, antimony, and other impurities. Mr: Hofmann is now consulting chemist 
for the American Smelting & Refining Co., and cousulting metallurgist for the Avino 
mines of Mexico, and chemical director of the United Zine & Chemical Co.. of Kansas. 
Mr. Hofmann has contributed largely to metallurgical literature, chiefly through the 
medium of the Engineering and Mining Journal and the Transactions: of the American 
Institute of Mining Engineers. Supplementing his excellent article in THe MINERAL 
InpustryY, Vol. VIII., Mr. Hofmann contributes to the present volume the paper “Progress 
in 1900 and 1901 in the Manufacture of Blue Vitriol by Hofmann’s Method.” 


INGALLS, WALTER RENTON, was born at Lynn, Mass., in 1865, and was graduated from the 
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Massachusetts Institute of Technology, in 1886. In 1886-90 he was engaged in mining 
at Leadville and elsewhere in Colorado. In 1890-92 he was assistant editor of the Hngineer- 
ing and Mining Journal, resigning that position to go to Mexico to open tin mines in 
the State of Durango for the Pittsburg & Mexican Tin Mining Co. In 1893 and 1894 
he established himself in New York, and visited professionally various mining districts 
in the United States, Canada, Belgium, Germany and Poland, devoting himself especially 
to the metallurgy of zine. During a part of 1894 he had charge of the operations of 
the Illinois Phosphate Co., in Florida, and later in the year became connected with the 
Gold & Silver Extraction Co. of America, Ltd., as metallurgist. In 1895 he was manager 
of a cyanide works at Cripple Creek, Colo., and in 1896 of copper-matte smelting works in 
Durango, Mexico, returning to New York in 1897. He was assistant editor of THE. 
MINERAL INDUSTRY, Vols. V., VI. and VII., and is now located in Boston, Mass., as con- 
sulting engineer. For this volume he contributes the paper, “The Progress in the 
Metallurgy of Zinc in the United States during 1901.” 


KERSHAW, JOHN B. C., was born at Southport, Eng., and was educated at Bickerton 
House School, Southport, and at Owens College, Manchester. In 1879 Mr. Kershaw entered 
the Sutton Lodge Chemical Works, St. Helens, Eng., and remained there for twelve 
years, rising in this period to the position of chief chemist. and assistant manager. In 
1892 Mr, Kershaw went to Germany and pursued his studies of chemistry and allied sciences 
at Bonn University. Since 1896 he has been engaged in practice as consulting chemist 
and as a technical journalist in London, and has devoted himself especially to work 
relating to electro-chemical processes and industries. He is a member of several chemical 
and other societies, and is also on the staff of abstractors for The Journal of the Society 
of Chemical Industry and for Science Abstracts. Mr. Kershaw has written numerous 
articles in recent years upon electro-chemical and electro-metallurgical subjects, and is 
the translator and editor of Dr. Neumann’s German work on Hlectrolytic Methods of 
Analysis. To the present volume he contributes the articles, “Progress in the Aluminum 
Industry in 1901,” “Chlorates and Hypochlorites in 1901,” and the general review of 
the “Progress in the Electro-Chemical and Electro-Metallurgical Industries in 1901.” 

LENHER, VICTOR, was graduated in chemistry in 1893 from the University of Pennsyl- 
vania, and for three years following he was assistant to Prof. W. B. Rising in the chemical 
department of the University of California. From 1896 to 1898 he was engaged in pursuing 
special studies in chemistry, mineralogy and geology at the University of Pennsylvania, 
receiving the degree of Ph.D. from that institution in 1898. Dr. Lenher has been a regular 
contributor to various chemical journals. He was on the staff of instruction in chemistry 
at Columbia University from 1898 to 1900, and is at present assistant professor of genera] 
and theoretical chemistry at the University of Wisconsin. He contributes to this volume 
the article, “Rare Elements.” 


Lewis, FREDERICK H., studied civil engineering at the University of Pennsylvania, 
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INTRODUCTION. 


THE total value at the place of production of the mineral and metal output 
from both domestic and foreign ores and bullion of the United States in 1901 
was $1,372,826,102, as compared with $1,369,256,563 in 1900, a gain of 
$3,569,539 for the year. 

Of these vast sums, which are without precedent in the history of the mineral 
industry, ores and minerals contributed $723,348,715 in 1901 and $672,090,416 
in 1900; metals, $490,279,923 in 1901 and $524,432,533 in 1900; secondary 
products, $73,068,974 in 1901 and $76,372,375 in 1900; while the value of metals 
smelted or refined from foreign material was $86,128,490 in 1901 and $96,364,939 
in 1900. In these gross totals of value are included certain duplications, such 
as those of the manganese and iron ore used in making ferromanganese and 
pig iron; bauxite used in making aluminum and alum; coal used in making 
coke ; lead used in making white and red lead and litharge and a few other dupli- 
cations, the whole amounting in 1901 to $93,629,061 and in 1900 to $116,768,662. 
Deducting these amounts and also the values of the crude foreign ores or. metals 
smelted or refined here, the net value of the mineral industry of the United 
States was $1,193,068,461 in 1901, and $1,156,126,662 in 1900. 

In the preparation of the statistics for this volume, the figures previously 
reported for 1900 have been revised in the light of later and more minute 
investigation, in accordance with our practice, wherefore it is important for 
students to observe the caution to use always the figures in the latest volume 
of THE Minerat Industry. There are no statistical reports of this nature 
which are absolutely correct, owing to the practical impossibility of obtaining 
accurate reports from all the producers in some extensive and greatly subdivided 
industries, the absence of records on the part of many producers which prevents 
them from making returns, the unwillingness of a few to give their figures, and 
confusion as to the stage in which many products are to be reported. The last 
difficulty is especially likely to lead to errors in values, some producers estimat- 
ing the worth of their product atthe pit’s mouth, and others reporting it in a 
more or less advanced state of completion, including thus not only the cost of 
carriage, but also the cost of manipulation. These difficulties appear not only 
in our own statistics, but also in the statistics reported by various governments. 
In our own work, however, we make a practice of going backward and correcting 
figures previously reported, whenever mistakes are discovered by subsequent 
investigation. 

For the greater part of the statistics relating to the domestic production of 
the United States during 1901 we have been indebted to Department of Mineral 
Resources of the United States Geological Survey, and for the production of gold 
and silver in the United States during 1901 to Mr. George E. Roberts, Director 
of the Mint. Special acknowledgment is due to both of these departments for 
their active and hearty co-operation. 

We have made great use of the reports of several State geological surveys, 
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especially those of Alabama, Kansas, Iowa and Montana, and the State mining 


bureaus of California and Colorado. 


We have generally credited these figures 
to the proper sources in the subsequent pages, but this acknowledgment may 
stand for any unintentional oversights. 


PRODUCTION OF ORES AND MINERALS IN THE UNITED STATES. (FIRST PRODUCTS.) 


1900. 1901. 
§ tou Val Pl Val 
2 om- F alue at Place : | Value at Place 
rs Products. Raed ee of Production. a Qusply, of Production. @ 
eas- - a 
te ures. |Customary| Metric Per M.|Customary| Metric 3 |Per M. 
Measures. | Tons. Totals. | Ton. | Measures. | Tons. Totals. pa Ton, 
$ $ - $ : 
1/Asbestos.......00.00 Sh. T. 1,100 998 16,500} 16°58 747 678 13, 498 | 19°91 
2|Asphaltum.......... Sh. T. 11,140 10,106 218,520! 21°62 21,916 19,887 383, 859] 19°28 
3 Asphaltic limestone..|Sh, T. 8,910 3,547 16,830} 4°74 6,970 6,325 83,375 528 
4|Bitumin’s sandstone. |Sh. T. 34.2 QV? 31,096 138,892} 4:47 34,248 31,078 188,601; 4°46 
BiBanytes...cscs.ns+eee Sh. T. 41, "466 87,618]  161,717| 4°30 49,070 44,528] 157,844 3°54 
GiBauixite. sti. vei bid Uae 23.445 23,820 85,922} 3°61 18,905 19,214 gS 914| 416 
7|Bismuth ore........- Sh.T 221 200 26,500} 132°50 319 289 25,488) 88°19 
SiBrOmMING Lioness feee Lb.. 521,444 236 140,790} 596°57 552,023 250. 149.045 596718 
9|Calcium borate. c....}Sh. T. 25,350 22,997 532,350 23°15 23,231 21,075] 1,012,118) 48°02 
10|Cement, nat.hydraul.|gBbls 9,177,222} 1,248.828] 4,308,709) 3°45 7,084,823 963,921} 3,056,278) 3:17 
11|Cement, Portland ...|/hBbls 7,991,639} 1,449,994) 10,461,910 bea 12,711,225] 2,806,756) 12,582,860) 5°43 
12/Chrome ore.......... Abi Ales: Nil. Nil. Nil. Nil. 368) 874 5,790) 15°48 
TS LAY AL PLOC Chee se sha: ni|issorecerars lias vereamunouie betltoweouanaiecats POUOAR OG sie Ssloic el alate esetexsaieierstcalonlelanei tes wetatn 115 L092 Dis 6| Ps 
14/Coal, anthracite......|Sh. T. 57,464, a5 52,131,212 102,972,596 1:97) 67,471, 667) 61,226,558/112, 504, 020| 1°84 
15|Coal, bituminous..../Sh. T. 210, 821,727 191,256, 216/219, 460,521 5 224, 869, 091) }203, 964, 692 | 236, 809,811 | 116 
16|Coal, cannel......... Sh. T. 29,47 1| 26,736 88,413 3°31) ff) auipiv of sxasnie fos iiel Caer cian Gots tached fisaea cheers 
7|Cobalt oxide......... bss; 12.270| k 5,566 22.085} 3°97 13,360 k 6,062 24,048) k 3°97 
18|Copper sulphate. f.. Lb. -: 78,218,478 35,480) 3,903, 102! 110-01 78,004,257 35,282 m8.674,000) 104°13 
19|Corundum... ....... Sh. T. . 753 58.100) .7’7°16| ~ K os 
gOlimaery.E csi jsf ise. Sh. T. 4,200 3,810| 189,000] 49-06 t 208 8,905) 146,040, 37-40 
21|Feldspar............- 1 BB bse 29,447 29,918 136,773) 4°57 31,019 81,517 220,422; 6:99 
22|Fluorspar.... Sh. T. 21,656 19,646 114,430 5°82! 19,586 17,773 113,803} 6°40 
23)Fullers earth.... . (Sh. T. 11,8138 10,717 70,565| 6°58 10,967; 9,949} 80,697) 811 
DA GFarnobesis servers. sisiciale vs Sbh.T. 3,285 2,980 92,801} 31°14 4,444 4,033 158,100; 39°20 
25|Gilsonite............5 Sh.T. 8,279 2,975 98,370} 33°07 1,500 1,653 46,000; 27°82 
26|Graphite, crystalline. |Lb... 4,108,052\% 1,861, 132 164,122] &0-°09 8,967,612) 1 1,800,187) 185,914) k0°08 
27|Graphite, amorphous|Sh. T. 1,04 948 8,640) 9°11 809 734 | 81,800; 43°32 
228 GV PSU sis\a'a'< sivions'e = 2.0 \Sh. T. 484.202 439,265} 1,316,255) 3:00 659, 659 598,602 1,577,493} 2°64 
QOMTOMNOTC.0. vce tees oo oie ee 25,917,393) 26, 332, 071) 77,752,179} 2°95} 28,887,479] 29,859,825) 49,256,245! 1-60 
80|Lepidolite ........... Sh. T 100 91 3, 700} 40°66 e110 100} 070) 40°66 
31/Magnesite. c......... Sh. T 2,708 2,456 111832} 4°82 13,172 11,949 43,057} 3°60 
82|Manganese ore. 7....|L. T. 218,222 221,714 461,994) 2°08 638,795 649,016); 1,644,117; 2°58 
33|Mica, scrap........+. Sh. T 5,417 4,914] 042.889] 8°73 2.165 1,964 19.719| 10-04 
84|Mica, sheet.......... bis. 127,241 157,716} 82.5.8) k1°43 360.060) 168,322 98,859) k 0°61 
35|Molybdenum ore....|Sh. T 24 22) 1,200} 54°55 15 15 750} 514 
386|Monazite............. n Bl oe 908,000 412) 50,680, 123-01 748,736 840 59,262) 174°30 
NEL DUAL ALB icssictsse ew oeiesl Sesfolerg ala clsiwie rcs cw otate: ye, « elses iatare VETS BOOLOOO) siecsts:ereteilsoysicteiarsence ostverell wsslereiechvenavess 27,067,500)....... 
SS OCHOR Dicics a iviceiee ao Sh. T. 41,917 38,027 461, ,087 12°18 43,036 n 39,042 516, 306) 13°48 
39|Petroleam, crude....|yBbls} 62,588,544) 8,749,458] 74,246,582} 8°48} 69,389,194/ 8, 839, 263/ 66,417, 335} 7-51 
40 Phosphate OCG oe uiie bots 1,527,711} 1,552,154) 5,375,956 3°46 ale 480, 358 1.504, 58) 5s 354, 022) 3°56 
ET IPTOClOUS SUGNCSs cigs ccot a sisi ccclee cs vcsatics siclive's sects | 200, OOO eens go lercerciote te eedins stem eee 989, O50lsr.2e. 
ABIRVPIUGS 229s < seine aie sites Test: 201,817 204,538) 684,478 3°35 234, 825 238,661| 1,024, "449 4°29 
OME COs os airs tip esis. Bbls 20,738, 729 caret 6,439,006 2°44 20,566,661 2,613,299) 6,617.4 9| 2°53 
44'\Silica, brick.......... M... AD DSi sie eaten aes 916,819) «0.45. 55,000) pies cialeiais whee 1,018,050) i. nic: 
45 Diatom. earth. ,...|Sh. T 1.375 1,247| 9,675 7-6 dd 4,020 3,647) 52,950} 14°52 
AG eSNG sr. cs ieoierin ses Sh. T 35,915 32,582 84,400 2°59 34,420 31, 234 149,298, 4:7 
47)" Sand, ete. .00 v6... L. T. e 875,000 889,000) € 1,312,500} 1°48 e 900,000 914, 400) e 1,358,912; 1°48 
48); Pipmnice.2.225...460 She 250 227) 1,250) 5°51 Nil. AS oe ion ae ane elle oes ON 
49} Grindstones........ Sh. T 42,089 38,138} 482,462] 12°65 bb 16,807 "45,2471 165,665] 10°86 
OO Iss WIN OLSLONCS 45: «<tc ce lee Neri aca Geb abemere atau raee NOs cies | BAR OTE ee scared ars cig chapter erect Oy Srereee eh ane 158,300]....... 
BL ripoler.*:. 1,675 | 3,987} 2°38 OY Siku Ry atremanenet al remnant sans | ecroms 
52|Slate, roofing 299,385) 2,885,153) 7 2°91 304,379 894,072) 4,114,410] 73°15 
58; Manufactures......|...... ‘| a RRaeR re Mina ere ntp ar ees | BORODIN eer ss colette arteree ltonnioce eeanicens GB, 11D ae se 
Ba PICMENG 5 eeidhe/n.e se Sh. T | 6,617 6,003) 72,787| 12°13 4,865 4,413 41,211 9°34 
55|Soapstone............ Sh. T.| 18,956 17,197] 189,560) 11°02 CO) ec] sac as ta areaal aeons paemaicieathaee ise 
56|Soda, natural.7...... Sh. T. | 14,100 12, 791) 195.800} 15°27 15,000 13,608 197,000} 14°48. 
57 Stone, for building..|...... Lereeces eaeaies srereuall cent ea oie oes HC4I = S00 QUOI ee crs crsllia a ciseuneisinie tell nis serene 55,615,926)....... 
58 Stone, limestone(flux)| L. T.. 790,200) 6,898,843; 3,666,708} 0°53 8,540,168) 8,679,656} 4,659,836) .0°54 
59|Stone, lithographic. .|Sh. T. 4( 36 12,000) 55°56 Ni iL. ROOT See Seer Gol eM OeS 
60) jsioub 0} ane) Cae Paa eh Seon Pests: 4,630 4,704) m 102,091} 21°7 7,690 6,978] m 228,480) 82°02 
61|Sulphurie acid. f.1.../Sh. T. 85,000 7'7,111)m2,045,950| 26°53 98, 000 88.905) nr 2,293.200| 25°75 
62)/Tale, common........ Sh. T. U7 7,049 60,217 8:54) dd 28.643 25.984 424,888] 16°35 
63 Tale, fibrous......... Sh. T. 45,000 40,824) 286,250] 5°79} 69,200 62,77 482,600] 7:69 
64) Tungsten ore........| | HRS Lge 220 224 35,200) 157°14 160 162) 27,720) 171-11 
65|Ur. ‘anium ore......... home ds 153 139 e 45,900} 380°22 ot 340) 102" 500| 301°47 
66|Zinc sulphate. . |Sh. T.| 527 478 22,657| 47°40! 7,500 6,804 822,425) 47°39 
67 | Zine ore, Smrorl ted...|Sh. T.| 42,062 38,156] 1,183,663] 30°00 44.156 40,058) . 167,684| 29°15 
68 Zinc white. s. Sh. Ti 47,151 2,775| 3.:772,080| 88°18 46,500 42,185| 3,720,000} &8°18 
oe PICMG ESS ceive ccs iS] t ts Sannin cdoohe |p catic ase abate Sasol naan 2,500 2,268) 150,000; 66°14 
0)Est. prod. unspecified | Histeesteweaterard Stile vesatecetstete 5000 O00 ais aenldnrs dence amici ee pasa aa oe en 5,000,0C0 Enesteees 
MOLAIG ese sr ctrisick uae lee aaiatete usa npr meena FGT2 OOOLSIG Wels miei ban oat Re ae legit ans wei 723,348, 715|.-.... as 
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PRODUCTION OF METALS IN THE UNITED STATES. 


1900. 1901. 
te Cus- |- 
s tom- ; | Value at Place & Value at Place 
‘g Products. ary Quantity. of Production. Quantity. of Production. 
5 Meas - —_—_——-- 
A ures. |Custom’ Metric Per M.|Custom’ry| Metric ie Mee Per M. 
Manaures: Tons. Totals. Ton. |Measures. | ‘Tons. Totals. Ton. 
$ : $ $ $ 

71\|Aluminum.......- Lb....] 7,150,000|ke 8,243,219) 2,288,000} k 0-71) 7,150,000) 7c 3,243,219] 2,238,000] 0°69 
72\Antimony....-+..- Lb....| 3,200,000 1,452 301.440! 207°60} 5,298,000 2,404 542,020) 225°47 
%3|\Copper....0+ s+ Lb... . |600,832,505 2'72,536| 97,755,449] ¢ 358° 69) 597,443,212 270,998| 86,629,266] 319°67 
74|Ferromanganesew |L. T.. 255,977 260,073) 22,825,469) 87°77 291,461 295,124) 16,589.960 56°21 
75|Ferromolybden’m |Lb.... 11,000 5) 12.100|2,420°00) 16,090 i 19,600} 2,800°00 
76) Werrotungsten.... |Lb....).......-.0 | seeeees ees | caer Sea a tale eres aie | 18,000 6 8,770] 628°34 
WNGOlG:taais oe. cvieie'e «s,0 Oz(w)| 3,781,810) # 117,611 78.159.674\k 664°60) 3,880,578] kk 120,699 80,218,800} &c 664° 60 
MBlTron, Pig... 2.0. as L. T..| 18,533,265] 13,749,797] 250,184,857) 18°49 15,586,893) 15,836,283) 232,800,828} 14°70 
79\Iridium.......... . |OZz(w) Sit newer HUW ean cre QHB| sc stersatar olers 5,060} 29°00 
ROMA Sees ie oe sci Sh: T. 275,907 250,301} 24,114.272) 96°34 270,700 245,644| 28,280,200} 94°77 
81|Molybdenum.... . |Lb.... 82,000 414,515 46,080) 3°17) 35,000 16 62, 125] 8,882°81 
82|Nickel.........- spe aber 9,715 4.407 m4,534| 1:02 6,700 3,040 3,551) 1°17 
$3|Platinum........-. Oz(w) 173 b5°4 3,114\k 576° 67 1,408 k 44 27,526] 625°59 
84| Quicksilver (#).... |Fl’sks 27,855 967| 1,288,851] 1,332°84 29,727 1,031] 1,882,305) 1,240°7: 
B5|Silver.........ee+5 Oz(w)| 59,561,797| 41,852,564) 36,576,900) k19°74 59,653,788) & 1,855,425] 35,165,902] 18°95 
86/Tungsten ......... Lb.... 57,000 25,855 51,800 2°00 75,000 34 45,750| 1,845°59 
BT IZANE eevee sc oaine . |Sh. T. 128,231 111,794} 10,819.682) 96°78 140,822 127,788} 11,265,760} 88°16 

TRO ERTS ooo e Neer ieee Bea whe oie sie fain nla onto neaehete IPh OAD OIE OR craven ch wien matetetalie a sceierae, ofone $490,279, 9231... . 0000 


SECONDARY MINERAL AND CHEMICAL PRODUCTS OF THE UNITED STATES. 


1900. 1901. 
AG Cus- 

2 tom- ; Value at Place : Value at Place 
q Products. Ft Quantity. of Production. a Quantity. of Production. a 
3 eas- - ae 
A ures. |Custom’ry| Metric Per M.| Customary| Metric Per M. 

Measures. | Tons. Totals. | Ton. | Measures. | Tons. Totals. | Ton. 

$ $ $ $ 

88)Alum..........20555- Sh. T. 20,531 18,626 615,930) 33°07 7,755 7,036 208,846 29°68 
89] Aluminum sulphate. |Sh. T. 61.678 55,954) 1,480,272) 26°45 04,721 67,786| 1,355,720 20°00 
90/Ammonium sulphate/Sh. T. 63,933 58,000) 8,651,680} 62°96 66,138 60,000} 8,665,400 61°09 
91|Carborundum........ Lb...| 2,401,000 1,089 216,090} 198°43 3,838,175 1.741 345,485) 198°41 
92|Cement, slag........ ABbls 490,150 88,932 622,490) 7:00 272,689 49,490 346,430 700 
9B)COKE ....+-ecceeecceoe Sh. T.| 19,206,994| 17,424,471] 50,272,050| 2°89 21,789,945 /19,773,090| 44,431,522 2°25 
94|CopperaS.......seees Sh. T 12,374 11,226 96,517} 8°59 23,586 21,397 112,366 5°25 
95|Crushed steel........ Sh. T. 845 313 48,300} 154°23 345 313 87,950) 121°25 
96|Graphite, artificial..|Lb... 860,750] k 390,434 68,860) & 0°18 2,500,000|k1,134,301 119,000} & 0-10 
V|Lead, white.......... Sh. T. 96,408 87,468) 9,910,742} 113°31 100,787 91,438] 11,252,653| 128-07 
98|Lead, red..........-. Sh. T. 10,098 9,161} 1,050,192) 114°64 13,103 11,887) . 1,448,550) + 121°95 
99|Lead, orange miner’l/Sh. T 825 748 100,650} 134°56 1,087 986 224,667)  227°86 
100) Litharge............. Sh. T 10,462 9,491} 1,067,124} 112°44 9,460 8,582 979,586} 114714 
101|Mineral wool......... Sh. T. 6,002 5,445 60.320} 11°08 6,272 5.690 68,982} 12°15 
102|Soda, manufactured.|M. T..]........... 890,000} 7,000,500} 17°95}........0... 480,000] 8,818,400} 17°33 
103} Venetian red........- Sh. T. 6,352 762 110,658} 19°21 9,201 8,347 153,467 18°39 
TOCEISs sisicrc cae we scareil Actcoialetel letevele’s Seelalezereilionetece: svajelerels $76,872,875]... cee beeceeceeeceelecee ceees $78,068,974!......- B 


METALS PRODUCED FROM FOREIGN ORES AND BULLION. (aa) 


1900. 1901. 
Metals. Customary Quantities. Quantities. 
Measures. | Customary Mas Customary Vales: 
Measures. Kg. Measures. Kg. 

Saal $ See geares | r 

Copper ...... Pounds.... 62,484,290 28,342,688 10,166,194 102,645,963 46,520,209 16,536,265 
Golders ena. Troy OZ... 1,948,519 60,605 40,275,883 1,730,856 53,835 85,776,794 
| bres: #0 Reena Short tons 103,341 93,750,340 9,032,003 22,260 20,194,272 1,927,716 
Nickel........ Pounds.... 7,713,120 8,498, 648 8,599,713 8,664,614 3,930,198 4,037,710 
Silver........ Troy oz...| 46,619,726 11450,024 | 38,291,146 45 410,085 1,412,404 27,850,005 
Pont vANiGsl. Ge ee te a CR Rm eee eee ees cre ~~ $86,128,490 
Total ores and minerals............sceeceesrereves Speers GRZOSB TUG! oiviee sissies cromimettatee cern eteiters 723,348,715 
PO bal: WISbAlS ae cs asiowhatee ais oe cieiaelnveis'e els 'slere oinjeipiorere aisle nerove BRA ABO DBS ls. alerd a; eidlareio'n visi wivicpeie’ «is eVersiel Sore 490,279,923 
Total secondary products.......+.ceeeecesrosevcvcerees OSS 1O| ovine wai occis aislels Havel sieteievervivgivietsiare 73,068,974 
Grand-total:-values::..cesetsins cvicensuiesine © fe prentnet PI SEO S56. DEB IS > inc re os score vietslee.o cio'e-visinisisie $1,372,826,102 


i ene nc en ne eeEEED-aEEEREDEERIEE 


In using the statistics in the foregoing tables reference should also be made to the detailed tables under the 
respective captions further on in this volume, where many explanatory notes as to the statistics will be 
found. The follo \ing notes refer to the four preceding tables: (a) Except where otherwise specified. (6) 
Not enumerated. (c) Crude mineral. Nominal value for 1900, In 1901 includes 5,344 short tons of refined 
borax, valued at $697,307. (d) Partly estimated. (e) Estimated. (f) Includes by-product production. (g) 
Barrels of 3001b. (h) Barrels of 400 !b. (i) Includes manganiferous iron ore; this is not duplicated in the 
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report of iron ore. (j) Value per square, ¢.e., 100 sq. ft., lapped and laid; the weights are calculated on the 
basis 3 squares = 2,000 Ib., but these figures are only approximately correct. (i) Kilograms or per kilogram. 
(1) Reduced to a basis of 66° B. (m) Average market price at New York. (n) Nominal. (0) Value before 
grinding. (p) Includes ocher, umber, sienna, and oxide of iron. (q) Includes salt used for the manufacture 
of alkali; the barrel of salt weighs 280 Ib. (7) Reduced to a basis of 58% ash. (s) Includes a small amount 
made from spelter. (t) A verage value of Lake copper at New York, less 0°25c. per Ib. (w) Includes spiegeleisen, 
though the total value is reckoned as if the whole product were ferromanganese. (v) Average market price at 
Pittsburg. (w) Troy oz. (x) Flasks of 76°5 Ib. (y) Barrels of 42 gal. (zg) Includes a comparatively small 
amount made directly from ores. (aa) Not included in the preceding tables. (bb) Does not include 40,980 
pieces of unspecified weight; the value, however, is included in the total, (cc) Included with common tale. (dd) 
Includes tripoli. (ee) Included with diatomaceous earth. (ff) Included with bituminous. 
Abbreviations: Sh. T., short tons (2,000 lb.); L. T., long tons (2,240 lb.); M. T., metric tons (2,204'6 lb.). 


METALS AND ALLOYs. 


Aluminum.—The production of aluminum in the United States in 1901 was 
7,150,000 Ib. ($2,238,000), as compared with 7,150,000 lb. ($2,288,000) in 1900. 

Antumony.—The production of antimony in the United States in 1901 was 
5,298,000 lb. ($542,000), as compared with 3,200,000 lb. ($301,440) in 1900. 

Copper.—The production decreased from 600,832,505 lb. ($97,755,449) to 
997,443,212 lb. ($86,629,266) in 1901. The main increases were in Utah, Cali- 
fornia, Arizona and Lake Superior. Montana fell off considerably. In addition 
to the domestic copper produced in 1901, there were 102,645,963 lb. ($16,536,265 ) 
derived from foreign sources. 

Ferromanganese.—The production of ferromanganese, including spiegeleisen, 
was 291,461 long tons ($16,589,960), as compared with 255,977 long tons 
($22,825,469) in 1900. 

Ferromolybdenum.—The production in 1901 was 16,000 Ib. ($19,600), as 
compared with 11,000 lb. ($12,100) in 1900. 

Gold and Silver—The domestic production of gold in 1901 was 3,880,578 
troy 02. ($80,218,800), as compared with 3,781,310 troy oz. (78,159,674) in 1900. 
The production of silver was 59,653,788 troy oz. ($35,165,902), as compared with 
59,561,797 troy oz. ($36,576,900). Colorado’s production of gold increased, 
principally due to Cripple Creek. South Dakota, California and Alaska, includ- 
ing Cape Nome and the American Yukon, also contributed to the increased 
production. Besides the production reported, 1,730,856 oz. of gold and 45,410,085 
oz. of silver were smelted in the United States from imported ores. The average 
value of silver in the United States in 1901 was 58°95c. per oz., against 61°33c. 
per oz. in 1900. 

Iron.—The production of pig iron in 1901, exclusive of ferromanganese and 
spiegeleisen, was 15,586,893 long tons ($232,800,328), as compared with 
13,533,265 long tons ($250,184,857) in 1900. Of the production in 1901 
9,546,793 long tons were Bessemer pig, against 7,943,452 long tons in 1900. 
Basic pig increased from 1,072,376 to 1,448,850 long tons. The remainder of 
the output is classed as foundry and forge iron. 

Lead.—The domestic production in 1901 was 270,700 short tons ($23,280,200), 
against 275,907 short tons ($24,114,272) in 1900. The decrease was due largely 
to the restriction of output by the Idaho mines. The average price of lead at 
New York in 1901 was 4:334c., against 4:37c. per lb. in 1900. Besides the above, 
the American smelters in 1901 recovered 22,260 tons of lead from foreign ore and 
base bullion, against 103,341 tons in 1900. 

Molybdenum.—Some 35,000 lb. of molybdenum ($62,125) were produced in 
1901, as compared with 32,000 Ib. ($46,080) in 1900. A considerable portion 
of the ore came from Arizona. 
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Nickel.—The domestic production of nickel was 6,700 Ib. ($3,551), as com- 
pared with 9,715 Ib. ($4,534) im 1900. 

Platinum.—There was a production of 1,408 troy oz. ($27,526) of platinum 
from domestic ores in 1901, as compared with 173 oz. ($3,114) in 1900. The 
value of bar platinum at New York in 1901 averaged $19°55 per oz. 

Quicksilver—The production of quicksilver increased from 27,855 flasks 
($1,288,851) to 29,727 flasks ($1,382,305) in 1901. Texas contributed 400 
flasks to the total and Oregon 75 flasks. 

Tungsten.—The production was 75,000 lb. ($45,750) in 1901, against 
57,000 Ib. ($51,800) in 1900. The production of ferrotungsten in 1901 was 
13,000 lb. ($3,770). 

Zinc.—The production in 1901 was 140,822 short tons ($11,265,760), as 
compared with 123,231 short tons ($10,819,682) in 1900. Missouri and Kansas 
increased their production. The average price of spelter in New York in 1901 
decreased to 4:08c. per lb., against 4°39c. per Ib. in 1900. 


Ores, MINERALS AND CHEMICAL PRODUCTS. 


Alum and Aluminum Sulphate—The production of crystallized alum in the 
United States in 1901 was 7,755 short tons ($208,846), as compared with 20,531 
short tons ($615,930) in 1900. The production of aluminum sulphate in 1901 
was 74,721 short tons ($1,355,720), as compared with 61,678 short tons 
($1,480,272) in 1900. 

Ammonium Sulphate—The amount of ammonium sulphate recovered in the 
United States in 1901 was 60,000 metric tons ($3,665,400) as compared with 
58,000 metric tons ($3,651,680) in 1900. The value of sulphate, basis 25%, 
was $61:09 per metric ton at New York in 1901, against $62°96 in 1900. 

Asbestos.—The domestic production was 747 short tons ($13,498) in 1901, » 
as compared with 1,100 short tons ($16,500) in 1900. In each year the pro- 
duction was made almost entirely by one mine in Georgia. 

Asphaltum and Asphaltum Products—The production of asphaltum, liquid 
and solid, in 1901 was 21,916 short tons ($383,359), as compared with 11,140 
short tons ($218,520) in 1900, the output coming from California and Indian 
Territory. California and Kentucky, chiefly the former, produced 34,248 short 
tons ($138,601) of bituminous rock in 1901, as compared with 34,277 short tons 
($138,892) in 1900.° Utah and the Indian Territory produced 6,970 short tons 
($33,375) of asphaltic limestone, as compared with 3,910 short tons ($16,830) 
in 1900. The output of Utah increased in 1901, while that of the Indian Terri- 
tory showed a small decrease. The production of grahamite or gilsonite in 1901 
was 1,500 short tons, as compared with 3,279 short tons in 1900. 

Barytes—The production in 1901 was 49,070 short tons ($157,844), as com- 
pared with 41,466 short tons ($161,717) in 1900. Of the production in 1900 
Missouri furnished the larger output, the remainder being obtained in Virginia, 
Tennessee, North Carolina and Georgia. 

Bauwite-—The production in 1901 was 18,905 long tons ($79,914), as com- 
pared with 23,445 long tons ($85,922) in 1900. 

Bromine.—The production in 1901 was 552,023 Ib. ($149,045), against 
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521,444 lb. ($140,790) in 1900. These figures include the bromine equivalent of 
potassium bromide which is produced in Michigan. 

Calcium Borate——The production in 1901 was *3,231 short tons, as compared 
with 25,350 short tons in 1900. Most of this product is colemanite, mined in Cali- 
fornia. The year 1901 was notable for the greatly increased prices per short ton, 
which were $43°57, as compared with $21 in 1900. 

Carborundum.—The production reported by the sole producer was 3,838,175 
Ib. ($345,435) in 1901, as compared with 2,401,000 lb. ($216,090) in 1900. 

Cement.—The total production of Portland cement in 1901 was 12,711,225 
bbl. of 400 Ib., valued at $12,532,360, as compared with 7,991,639 bbl. 
. ($10,461,910) in 1900. The Lehigh district of Pennsylvania and New Jersey has 
maintained its supremacy as a center of production, and Michigan, and other 
States also showed important gains. Aside from the remarkable increase in pro- 
duction, the year 1901 was notable for the very low prices commanded by cement 
in the Eastern markets. The production of natural rock cement in 1901 was 
7,084,823 bbl. of 300 lb., valued at $3,056,278, as compared with 9,177,222 bbl. 
($4,308,709) in 1900. The Kentucky-Indiana district increased its output, but 
other parts of the United States showed a falling off owing to the competition 
with Portland cement. The production of slag cement in 1901 was 272,689 bbl. 
of 400 lb., valued at $346,430, against 490,150 bbl. ($216,090) in 1900. 

Chrome Ore.—The production in 1901 was 368 long tons ($5,790), with 
no production for 1900. The entire production during 1901 was mined in 
California. 

Clay.—The value of brick and other clay products made in the United States 
in 1901 was $110,211,587, as compared with $78,704,678 in the previous year. 

Coal and Coke.—The total production of coal in the United States in 1901 
was 292,340,758 short tons ($348,813,831), as compared with 268,315,433 short 
tons ($322,521,530) in 1900. The production of anthracite, all of it from Penn- 
sylvania with the exception of an insignificant amount from Colorado, was 
67,471,667 short tons ($112,504,020) in 1901, as compared with 57,464,235 
short tons ($102,972,596) in 1900. Kentucky’s production of cannel coal in 190% 
is included under bituminous; the production in 1900 was 29,471 short tons 
($88,413). The output of bituminous coal, of which Pennsylvania and the 
Central States are the largest producers, was 224,869,091 short tons 
($236,309,811) in 1901, as compared with 210,821,727 ($219,460,521) in 1900. 
There was an increase in the output of all of the important coal-producing States 
in 1901. The total production of coke in 1901 was 21,789,945 short tons 
($44,431,522), as compared with 19,206,994 short tons ($50,272,050) in 1900, 
Pennsylvania furnished about two-thirds of the output each year. 

Cobalt Oxide—The production of cobalt oxide in 1901 was 13,360 Ib., as 
compared with 12,270 lb. in 1900. 

Copperas.—The production in 1901 was 23,586 short tons ($112,366), as 
compared with 12,374 short tons ($96,517) in 1900. The chief producer in this 
country is the United States Steel Corporation, which controls all the wire and 
rod works recovering copperas as a by-product. The above statistics do not include 
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copperas converted into Venetian and Indian reds at the works of original 
production. 

Copper Sulphate.—The production in 1901 was 78,004,257 Ib., as compared 
with 78,218,478 Ib. in 1900. Of this the amount recovered as a by-product, chiefly 
by gold and silver refiners, was 51,000,000 lb. in 1901 and 44,368,478 lb. in 1900. 
The remainder of the output each year was made from metallic copper previously 
reported in the production of that metal. The average value of copper sulphate 
at New York per 100 lb. was $4°71 in 1901, as compared with $4:99 in 1900. © 

Corundum and Emery.—The production of corundum and emery in 1901 was 
4,305 short tons ($146,040), as compared with 830 short tons ($58,100) of 
corundum, and 4,200 short tons ($189,000) of emery in 1900. The production 
of steel emery or crushed steel in 1901 was 690,000 lb. ($37,950), against 
690,000 Ib. ($48,300) in 1900, the entire make each year being supplied by the 
Pittsburg Crushed Steel Co. — : 

Feldspar.—The production in 1901 was 31,019 long tons ($220,422), as 
compared with 29,447 long tons ($136,773) in 1900. Pennsylvania, Massa- 
chusetts and New York being the chief producers each year. 

Fluorspar—The production in 1901 was 19,586 short tons ($113,803), as 
compared with 21,656 short tons ($114,430) in 1900, Illinois and Kentucky 
furnishing the entire output. 

Fullers Harth.—The output in 1901 was 10,967 short tons ($80,697) as com- 
pared with 11,813 short tons ($70,565) in 1900. 

Garnet.—The production in 1901 was 4,444 short tons ($158,100), as com- 
pared with 3,285 short tons ($92,801) in 1900, the output each year being fur- 
nished by New York, Pennsylvania and Connecticut. The domestic resources of 
this mineral are large, but the demand for it is limited. 

Graphite.—The production of crystalline graphite in 1901 was 3,967,612 Ib. 
($135,914), as compared with 4,103,052 lb. ($164,122) in 1900. The pro- 
duction of amorphous graphite in 1901 was 809 short tons ($31,800), as 
compared with 1,045 short tons ($8,640) in 1900. The larger part of the 
crystalline product in 1900 was obtained from Ticonderoga, N. Y., but a 
considerable quantity was mined in Pennsylvania, where some of the old mines 
were reopened. One company produced 2,500,000 lb. ($119,000) of artificial 
graphite, as compared with 860,750 lb. ($68,860) in 1900. 

Gypsum.—The production increased from 484,202 short tons in 1900 to 
659,659 short tons in 1901. These figures represent the amount of erude rock 
quarried. The larger part of the production is marketed as stucco or plaster 
of Paris. 

Iron Ore.—The production in 1901 was 28,887,479 long tons, as compared. 
with 25,917,393 long tons in 1900, these figures being exclusive of the production 
of manganiferous iron ore, reported separately under manganese. ‘The increase in 
the production was due chiefly to the Lake Superior ranges, the Southern States 
showing but a comparatively small gain. 

Lead White, Red Lead and Litharge.—The production of white lead in 1901 
was 100,787 short tons ($11,252,653), as compared with 96,408 short tons 
($9,910,742) in 1900; of red lead, 13,103 ($1,448,550), as compared with 10,098 
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($1,050,192) ; of litharge, 9,460 ($979,586), as compared with 10,462 
($1,067,124) of orange mineral, 1,087 ($224,667), as compared with 825 
($100,650) in 1900. The larger part of these products is obtained by the 
corrosion of pig lead, but a small part of the white lead product is made directly 
from ores. 

Limestone for Iron Fluz.—Iron smelters consumed 8,540,168 long tons in 
1901, as compared with 6,790,200 long tons in 1900, the increase being caused by 
the greater production of pig iron. 

Inthographic Stone-—Utah produced 40 short tons in 1900, a like amount in 
1899. There was no output reported during 1901. 

Magnesite—In 1901 California produced 13,172 short tons ($43,057), as 
compared with 2,708 short tons ($11,832) in 1900. 

Manganese Ore.—The production of manganese ore, including manganifer- 
ous iron ore, was 638,795 long tons, as compared with 218,222 long tons in 1900. 

Mica.—The production of sheet mica in 1901 was 360,060 Ib. ($98,859), as 
compared with 127,241 lb. ($82,508) in 1900. The production of scrap mica was 
®%,165 short tons ($19,719) in 1901, as compared with 5,417 short tons ($42,889), 
the values of scrap mica being reckoned for the product before grinding. Prac- 
tically the entire production of mica is made in South Dakota, New Hampshire, 
North Carolina and Nevada. 

Mineral Wool.—The production in 1901 was 6,272 short tons ($68,992), as 
compared with 6,002 short tons ($60,320) in 1900. A part of this product was 
made from slag and a part by the fusion of natural rock, the latter being the 
more valuable. 

Molybdenum Ore.—This ore was produced in the United States in 1901 to 
the amount of 15 short tons, valued nominally at $50 per ton, as ae with 
24 short tons, valued at $50 per ton in 1900. 

Monazite.—North Carolina produced 748,736 Ib. ($59,262) in 1901, as com- 
pared with 908,000 Ib. ($50,680) in 1900. 

Natural Gis th: production of natural gas in 1901 is estimated at a value 
of $27,067,500, as compared with $18,500,000 in 1900. 

Ocher and Oxide of Iron Pigments.—The production of ocher, amber, sienna. 
and natural oxide of iron ground pigment, the last being known edERNOATY as 
“metallic paint,” was 43,036 short tons ($516,306) in 1901, as compared with 
41,917 short tons ($461,087) in 1900. The values are reckoned nominally at 
$11 per ton each year. These products merge into one another so that no satis- 
factory division of the statistics is possible. Pennsylvania is the largest producer. 

Petroleum.—The total output in 1901 was 69,389,194 bbl. ($66,417 »335), as 
compared with 62,538,544 bbl. ($74,246,582) in 1900. The increase was due to 
California, Texas and Colorado. The above values are calculated for crude oil 
at the wells. The average value was considerably lower in 1901 than in the 
previous year. 

Phosphate Rock—The production in 1901 was 1,480,358 long tons 
($5,354,022), as compared with 1,527,711 long tons ($5,375 ,956) in 1900. The 
decrease in 1901 was due to a falling off in the export demand. 
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Salt.—The domestic output of salt decreased from 20,738,729 bbl, in 1900, to 
20,566,661 bbl. in 1901. 

Silica.—The production of vein and dike quartz in 1901 was 34,420 short tons 
($149,298) as compared with 35,915 tons ($84,400) in 1900. The uses were 
chiefly in pottery, for packing acid towers, and for grinding for various purposes. 
The production of grindstones, which are made out of quartzite, or a very hard 
sandstone, in 1901, amounted to 16,807 short tons ($165,665) as compared with 
42,039 tons ($482,462) in 1900. The weight of this production of 1901 does 
not include 40,980 pieces weight not specified but included in the value. The 
production of oilstones, scythestones and whetstones in 1901 was valued at 
$158,300, as compared with $84,874 in 1900. There was no production of 
pumice in 1901. The production of diatomaceous earth in the United States 
in 1901, including tripoli, was 4,020 short tons ($52,950), as compared with 
1,375 short tons ($9,675) of diatomaceous earth and 1,846 short tons ($3,987) 
of tripoli in 1900. 

Slate-—The production of roofing slate in 1901 was 1,304,379 squares 
($4,114,410) as compared with 990,036 squares ($2,885,153) in 1900. The 
production of slate manufactures, chiefly blackboards and structural material, 
was valued at $673,115 in 1901, as against $502,051 in 1900. The production 
of slate pigment, including Baraga graphite and various kinds of mineral black, 
was 4,865 short tons, as against 6,617 short tons in the previous year, the values 
of the products after grinding being respectively $41,211 and $72,787. 

Soda.—tThe production of soda and soda products from salt, reduced to a 
common basis of 58% soda ash, was 480,000 metric tons in 1901, as compared 
with 390,000 metric tons in 1900. The average value of 58% ash at the works was 
$17-33 per metric ton, as compared with $17°95 in 1900. California and Nevada 
produced 15,000 short tons ($197,000) of natural soda, basis 58%, in 1901, 
as compared with 14,100 short tons (5195,300) in 1900. 

Sulphur and Pyrites——Louisiana, Nevada and Utah produced 7,690 long tons 
of sulphur in 1901, against 4,630 long tons in 1900. ‘The average price of 
Sicilian seconds at New York in 1901 was $22°94 per ton, compared with $22°18 
in the previous year. The domestic production of pyrites in 1901 was 234,825 
long tons ($1,024,449), as against 201,317 long tons ($684,478) in 1900. Vir- 
ginia was the largest producer each year, Massachusetts ranking second. Sul- 
phuric acid was recovered as a by-product in roasting blende and _ pyrites, 
chiefly the former, to the extent of 98,000 short tons, as against 85,000 tons in 
1900, the figures being reduced to a common basis of 66°B. Concentrated acid 
of the latter strength averaged $23°40 per 2,000 lb. at. New York in 1901, as 
against $24:07 in 1900. 

Tale and Soapstone.—The production during 1901 of soapstone for slabs and 
other manufactured articles and common talc, mostly ground to powder was 
28,643 short tons ($424,888), as compared with 18,956 short tons ($189,560) 
of soapstone and 7,770 short tons ($60,217) of common tale during 1900. This 
was produced chiefly in North Carolina, New Jersey and Vermont. The produc- 
tion of fibrous tale, nearly all of it from St. Lawrence County, N. Y., was 69,200 
short tons ($483,600), as compared with 45,000 short tons ($236,250) in 1900. 
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Tungsten Ore.—There was a production in 1901 of 160 long tons of tungsten 
ore from South Dakota, Colorado and Arizona, with a small amount from Con- 
necticut and New Mexico, which was valued nominally at $27,720 at the mines. 
The statistics for 1900 were 220 long tons, valued at $35,200. 

Uranvum Ore.—In 1901 Colorado produced 375 short tons of uranium ore, 
estimated at a value of $102,500, as compared with 153 short tons, valued at 
$45,900 in 1900. 

Venetian Red.—The production of Venetian and Indian reds in 1901 was 
9,201 short tons ($153,467), as compared with 6,352 short tons ($110,658) in 
1900. ‘These figures include only the output at works where the original copperas 
was made, and do not include any that may have been made by second handlers. 

Zinc Ore.—The amount of zine ore of domestic origin exported from the 
United States in 1901 was 44,156 short tons ($1,167,684), as compared with 
42,062 short tons ($1,133,663) in 1900. Most of the ore exported was mined 
in New Jersey, although a considerable portion was shipped from Colorado via 
New Orleans and: Galveston. 

Zinc Sulphate——There was a production of zinc sulphate in 1901 of 7,500 
short tons, as compared with 527 short tons in 1900. 

Zinc White.—The production in 1901 was 46,500 short tons, as compared with 
47,151 short tons in 1900. The total value was $3,720,000, as compared with 
$3,772,080 in 1900. Nearly all the American production of zine white is made 
directly from the Franklinite ores mined in New Jersey. 


ALUMINUM AND ALUM. 


Unper this general caption are grouped aluminum, alum, bauxite, cryolite, 
corundum and emery, substances which, previous to Volume VII., appeared 
under individual captions. The present arrangement is a logical one, since both 
bauxite and cryolite are used as raw material in the manufacture of aluminum 
and alum, two industries so interwoven that a logical separation is impossible, 
and, since corundum, though employed mainly as an abrasive, is now used in 
part as a source of aluminum. In this view aluminum, alum and the aluminum 
minerals—bauxite and cryolite, corundum and emery—bear the same relation 
to one another as do copper, copper sulphate or bluestone and copper ores. 


I. BAUXITE. 


The production of bauxite in 1901 was 18,905 long tons, valued at $79,914, 
being a large falling off from the output of the preceding year. Of the produc- 
tion in 1901, Georgia contributed the largest quantity, followed by Alabama and 
Arkansas, the last named State producing but 867 long tons. The following com- 
panies were in operation during the year: Republic Mining & Milling Co., in 
Alabama and Georgia; Southern Bauxite Mining & Milling Cox leit, Hawkins, 
Harrison Bros., International Aluminum Mining Co., in Georgia ; and Southern 
Bauxite Mining & Milling Co., Pittsburg Reduction Co., and one minor producer 
in Arkansas. The mines of the Illinois Chemical Co. were inoperative during 
the year. 

Bauxite is consumed chiefly for the manufacture of aluminum, although a 
large quantity is used in the manufacture of aluminum sulphate and crystallized 
alum. In order to ascertain the annual consumption of bauxite and its value in 
the United States during the past five years the following table has been compiled 
which includes total production, imports, exports and consumption, with the 
respective values of each, 


PRODUCTION, IMPORTS, EXPORTS, AND CONSUMPTION OF BAUXITE IN THE 
UNITED STATES. 


Production.. 


Year. Imports. Exports. Consumption. 
Alabama.} Georgia. Total. (a) 


Per Ton.| Lg. Tons.} Value. | Lg. Tons.| Value. |Lg. Tons.|Value. 


Lg. Tons.| Lg. Tons.| Lg. Tons.| Value. 
$2°50 | 2,645 $10,515 2,587 | $5,074 20,708 | $56,916 


1897..| 13,083 7.507 20,590 $51,475 


1898..| 13,848 12,948 26,791 66,978 2°50 1,201 4,238 1,000 2,000 26,992 69,216 
1899..} 14,144 19,619 36,813 101,235 25 6,666 23,768 2,030 4,567 41,449 | 120,436 
1900. . 650 20,715 23,445 85,922 3°66 8,656 32,967 1,000 3,000 81,101 | 115,889 
1901.. 18,038 18,905 79,914 4°23 18,313 66,107 1,000 | 3,000 36,218 | 144,021 


Seda Ry RAS SO Sev A ON Tat ee ea area ee See Bets hates RO Maen tore ees eevee tls ROLE SRR 
_ (a) Arkansas produced 3,050 long tons in 1899, 2,080 long tons in 1900, and 867 long tons in 1901, which are 
included in the totals for those years. 
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Alabama and Georgia.—(By Thomas L. Watson.) —The Southern Appalachian 
bauxite deposits are located in northwest Georgia and the adjacent portion of 
Alabama, and are limited to the central and southeastern portions of the Coosa 
valley, extending from Adairsville, Ga., southwestward to near Jacksonville, 
Ala., a distance of about 60 miles, occupying portions of Bartow, Floyd, Polk, 
Walker, Chattooga and Gordon counties, in Georgia, and of Cherokee, Cle- 
burne and Calhoun counties in Alabama. The deposits are irregularly dis- 
tributed over the area, and are grouped about certain centers or along certain 
lines of fracture forming four groups as follows: The Hermitage district, 
including portions of Bartow and Floyd counties; the Bobo district, including 
portions of Floyd and Polk counties; the Summerville district, including por- 
tions of Chattooga and Walker counties, in Georgia; and the Dykes’ district 
in Cherokee County, Ala. Several single isolated deposits are found outside 
the limits of the districts in Georgia, but they have not as yet been worked. 

The bauxite deposits are associated with the Knox dolomite, which is a gray 
crystalline magnesian limestone between 4,000 and 5,000 ft. in thickness and con- 
tains an abundance of chert in the form of lens and small nodules. It is part 
Cambrian and part Lower Silurian (Ordovician) in age. The bauxite occurs as 
distinct pocket deposits of variable size, the largest of which yield several hundred 
tons of the ore. They differ from the Arkansas and some foreign deposits in not 
being stratified; and from certain other accumulations of bauxite in not occurring 
as an alteration or residual product derived from the decay or other change of 
pre-existing rock. No rocks of igneous origin are found within the limits of the 
Georgia-Alabama bauxite area. The ore bodies are definitely connected with the 
numerous fault lines of the region, and as such the ore bodies are believed to have 
been formed about vents and springs supplied by the ascending currents of per- 
colating water along the lines of breakage. The alumina has been derived from 
the great thickness of the immediately underlying middle Cambrian aluminous 
shales. On physiographic grounds, the age of the Southern Appalachian bauxite 
deposits is fixed near the close of the Eocene. In the early history of mining 
in this field, the output from Alabama greatly exceeded that from Georgia, and 
previous to the working of the Arkansas bauxite deposits in 1899, the entire pro- 
duction in America was from the Georgia-Alabama area. The greater part of 
the bauxite mined in Georgia and Alabama is used in the manufacture of alum, 
only a small percentage of the whole being utilized in the manufacture of the 
metal aluminum. The first grade ore brings $5°50 and the second grade $4:50 
per long ton. 

Arkansas.—The bauxite deposits are confined chiefly to two districts, one a 
small area south of Little Rock, about 20 miles long and 5 or 6 miles wide, lying 
in eastern Pulaski County and northern Saline County, the other and more impor- 
tant embracing about 12 square miles in Bryant township. Between these dis- 
tricts are several isolated deposits. In thickness the bauxite bed varies up to 
40 ft., the average being between 10 and 15 ft. The greatest thickness--30 ft.— 
occurs in section 16. The best grade of bauxite produced is the granite variety 
containing less than 3% SiO, and very little iron except that which can be re- 
moved by hand washing. 
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The Pittsburg Reduction Co. is erecting an extensive mining plant at Bauxite, 
Saline County, which is expected to be in operation in the latter part of 1902. 
The production of bauxite from Arkansas will be greatly increased by the output 
from the new works. 

California.—A large deposit of disintegrated rock containing free alumina, has 
been discovered in California,’ containing from 31 to 35% Al,O,, together with 
FeO, MgO, and SiO,. The ore is stated to be associated with quartz ledges assaying 
from $2 to $39 per ton in gold, and the two minerals may therefore be worked 
together. While the large beds of purer bauxite remain unexhausted in Florida, 
it is doubtful however whether the Californian deposits will be drawn upon, as 
they are situated 17 miles from the nearest point on the Southern Pacific Rail- 
road. With regard to the methods of treating bauxite for extraction of the 
alumina in a form which can be used in the electrolytic baths, Hall has secured 
three American patents. The details of these patents are given elsewhere in 
this section under the caption Production. The new process may have a very 
important effect upon the future of aluminum, if, as the inventor evidently 
hopes, it can be carried out more cheaply than the present method of preparing 
the refined alumina. By the latter, the cost of the alumina represents 30% 
of the total cost of manufacturing aluminum of the higher grades. The follow- 
ing estimate of itemized cost per pound of aluminum produced, was published 
by the late Capt. Hunt some years ago, and is still fairly correct :— 

Energy, 5c.; alumina, 6c.; electrodes, 2c.; chemicals and stores, 1c.; labor 
and superintendence, 3c.; interest and maintenance, 3c.; total cost, 20c. 

A process which would cut down the cost of the refined alumina to 2c. per lb. 
would therefore make it possible for aluminum to be sold at 20 to 24c. per Ib. 
and would have a notable effect in extending the utilization of the light metal, 
in the arts and industries. 

Imports and Exports.—There was an unusually large importation of French 
bauxite during 1901, which amounted to 18,313 long tons valued at $66,107, as 
compared with 8,656 long tons valued at $32,967, in 1900. This increase was due 
mainly to the low ocean freight rate of an average of $2°25 per long ton from 
foreign ports, which, with the import duty of $1 per long ton, permitted the de- 
livery from the south of France at New York, Philadelphia, and Baltimore at a 
lower rate per ton than it cost to ship by rail from Georgia or Alabama. The high 
iron content of the French bauxite prevents its use for the manufacture of alumi- 
num sulphate, and it is consumed mainly in making aluminum hydrate, which is 
used as a raw material for the manufacture of aluminum. The exports of bauxite 
during 1901 were 1,000 long tons, valued at $3,000. 

The world’s supply of bauxite is derived chiefly from France, Ireland, and the 
United States, the production from 1894 to 1900, inclusive, being given in the 
gubjoined table :— 


—as 


3 Electricity (New York), Sept. 18, 1901. 
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PRODUCTION OF BAUXITE IN THE PRINCIPAL COUNTRIES. (IN METRIC TONS. ) 


Country. 1894. 1895. 1896. 1897. 1898. 1899. 1900. 


TANGO aie siciaisisiais'cseicie.ve.0 9 26,032 17,958 33,820 41,740 36,723 48,215 58,530 
United Kingdom.......... 8,097 10,574 7,365 13,449 12,600 8,137 5,871 
United States............. 10,904 19,101 17,370 20,919 27,220 37,402 23,820 

TOtal eon cece de eres on 45,033 47,633 58,555 76,108 76,543 93,754 88,221 


Italy.— (By Giovanni Aichino.)—The recently discovered deposits of bauxite 
are situated in the central part of the Apennine Mountains, the most important 
being at Lecchi né Marsi, on the slopes of Monte Turchio; the nearest railway 
station is Pescina, on the Roma-Sulmona line. The deposit is at least 250 acres 
in extent, and averages from 3 to 10 ft. in thickness. The ore is brownish-red 
to reddish-white in color, and is more or less compact, sometimes being earthy. 

The following analyses of bauxite have been reported from the laboratory of 
the Royal Board of Mines, Geological Survey. Specimens Nos. 1 to 5, inclusive, 
are from Lecchi né Marsi, and No. 6 from Petraroja. Analyses Nos. 1 to 4 were 
made by G. Aichino, and Nos. 5 and 6 by E. Mattirolo. 


ANALYSES OF ITALIAN BAUXITE, 


: Ore from 
Ore from Lecchi né Marsi. | Petraroja. 


Components. iy 
: No. 2. No. 3. No. 4. No. 5. No. 6. 
% % % % 

56°79 54°46 56°89 47°44 58" 85 
26-20 30°68 25°98 36°37 18°62 
2:98 2-48 4°06 2°38 mak 

2:21 1-17 1:28 2:86 
SERB en Sane chee cM ee 0°38 0°30 
ie etic ee Oe ees 0-41 0:37 
mens drie at 110° C.) 0°84 0°87 
11°95 11°28 12°17 10°17 22°40 
Wofal: ee Seger oo ea 99-92 100°13 100712 | 100°38 | 100-70 99°32 


New South Wales.—The following table, compiled from recent analyses, gives 
the composition of bauxite from various localities in New South Wales. The pro- 
portions of alumina and iron are very variable, and phosphoric acid and titanic 
acid are always present. 


ANALYSES OF BAUXITE FROM NEW SOUTH WALES. 


2 oe x . A - 
Locality. Alumina.| Water. Pome Siliva. Peon ond Phosphoric a itane 
% % % % % % 

Five miles north of Inverall 31°43 202 8B el BOB! |e ASOL russe cal Order becse ae os 4:98 
58°31 32°68 2°85 USBO Re euirencte alls ce se AVA ol ste ketene 2°40 
Near Wingello... ...... 35°28 USI S122 OOOO 2B0 a isi. seacofeace ened ee] cosh cote 2°65 
39°82 22°30 20°34 TORBO HeceeeKomelenweecn Laca eee 5°50 

Emmaville: . 
IEBGrOTE nasa se See oes 42°20 23°45 28°91 0°16 0°17 4°%5 
Mottled Ores. cceecness 3's 47°84 19°23 13°59 16°40 0°20 Lee 
Welow O6eis..s.6 6.6523 28°96 | 15°51 | 16-20 | 85°56 0°20 2:98 


Details of the progress in the purification of bauxite will be found under the 
caption “Aluminum,” elsewhere in this section. 
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II. CorunpDUM AN]) Emary. 


The production of corundum and emery and the imports of emery in recent 
years are given in the subjoined tables :— 


PRODUCTION OF CORUNDUM AND EMERY IN THE UNITED STATES. (@) 


1898, 1899. 1900. 1901. 
Substance. 

Tons. Per | Tons. Per Per |Tons. Per 

é (b) Value. Pon (b) Value. Ton. are Value. Ton. (b) Value. Ton. 

Corundum ........| 786 | $68,630 $8096 | 970 | $78,570] $81-00 | 880 | $58,100/$70-00 | Bae on os 
Emery............ 2,956. |¢148;800| "48°65 |3,000 | 150,000) "50-00 | 4,200 | 189°000|45-00 f | 4805 [$146,040] ga7-40 
Steelemery....... 330 | 46,200] 140-00 | 337 | 47250) 140-21 | ‘345 | 48'800140-00 | 355| 49,700! 140-00 
Migtalt ff: 4,072 |$253,630|........ 4,287 |$275,820|........ 5,375 |$295,400|........| 4,660 |$195,740|........ 


(a) The values are based on the prices at the mines, but except in the case of steel emery are of slight sig- 
nificance owing to the great range between the different grades of the minerals. The changes in the annual 
averages do not indicate fluctuations in market quotations so much as changes in the proportion of different 
grades of mineral in the total. (6) 2,000lb. (c) More or less nominal. 


IMPORTS OF EMERY INTO THE UNITED STATES, 


Grains. Ore or Rock. Wee Grains. Ore or Rock. woe 
‘| Total Total 
Year. Val Year. Val 
Long | value. | Val “one Pounds.| Value| L°"8 | value. |Val saa 
Pounds) Value. mons. alue. ue. ounds.| Value} mong | Value. | Value. 


1894...) 597,713 | $18,645 | 2,804 | $51.487 | $1,847 71,978 || 1898. | 57’7,655!$23,320) 5,547 |$106,269) $3,810)$133,399 
1895..} 678,761 | 25,066 | 6,803 | 80,886 | 27,586 | 133,038]|1899..| 728,299) 29,124] 7,435 | 116,493] 11,514) 157,181 
1896. .| 751,464 | 26,520} 6,289 | 119,667 | 1,971 | 148,158|| 1900. | 661,482) 26,520/11,392 | 202,980} 10,006] 239,506 
1897..| 520,095 | 20,022} 5,209 | 107,649 | 1 2,211 | 129,882)| 1901. .) 1,716,729) 48,207}12,441 | 240,856; 10,927] 294,990 


PROGRESS OF THE CORUNDUM AND EMERY INDUSTRY DURING 1901. 
By JOSEPH HYDE PRATT. 


Two noteworthy changes have been made in the corundum industry during 
1901; one, the manufacture of an artificial corundum by the electric furnace 
treatment of bauxite and the other, the development of the recently discovered 
corundum deposits 25 miles southwest of Boseman, Gallatin County, Mont. 

In the Montana deposits the corundum occurs in grains and crystals, from 
minute particles to a size 2 in. and more in length and 1 in. in width. Mill 
tests by Mr. L. 8. Ropes of the Montana Corundum Co. have shown about 20% 
mineral in the rock and tests on the finished product indicate that it has a 
very good abrasive efficiency. The corundum is readily cleaned, affording a 
high-grade commercial product, and a complete plant is being installed for treat- 
ing the ore and preparing the product for the market. The corundum mined by 
the Canada Corundum Co. at the Craig mine, Raglan township, Ontario, which 
occurs somewhat similar to the Montana deposits, is now quoted on the market. 
Recent tests’ of the commercial product from this mine, show that it is a satis- 
factory abrasive, and indicate that the superficial alteration observed on the 
corundum first obtained is disappearing as mining is carried deeper. The ore 
occurs in syenite, and as is also the case with the Montana ores, both othoclase 
and biotite have to be removed in the cleaning process. The Canadian and Mon- 


1 Private communications, 
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tana deposits are very extensive and if the present price of corundum of 8@10c. 
per lb. is maintained the product should be marketed in quantity at a fair profit. 

In the Southern fields, development is continued of the corundum ore occur- 
ring in the bands of gneiss near the summit of the Blue Ridge in Clay County, 
N. C., and the adjoining Towns County, Ga. During 1901 these deposits pro- 
duced considerable corundum but it is yet too early to state definitely to what 
extent they can be operated. The garnet associated with the ore has to be sep- 
arated before the best commercial corundum can be attained and the low per- 
centage of corundum in the rock is a factor which increases the cost of produc- : 
tion. With one exception the large corundum mines now owned by the Inter- 
national Emery & Corundum Co. in Macon and Clay counties, N. C., and Rabun 
County, Ga., were idle, while the Corundum Hill mine, at Callasaja, Macon 

County, N. C., was operated to a small extent throughout the year. Large 
deposits of corundum occur in these properties which are capable of producing 
the best quality corundum in quantity. The Toxaway Co., of Sapphire, N. C., 
owning a large tract of land in southwestern Transylvania and southeastern 
Jackson counties, has done a little development work on the mine formerly 
operated by the Sapphire Valley Corundum Co. and a number of promising 
deposits of corundum were exposed. The North Carolina Corundum Co. is 
opening a mine at Buck Creek, Clay County, adjoining the property of the Inter- 
national Corundum Co. The corundum is said to occur in quantity. The 
National Abrasive Manufacturing Co., owning deposits in Jackson and Macon 
counties, N. C., has not operated them recently but has confined its attention to 
the production of garnet from Sugar Loaf Mountain, Jackson County. 

The development of the new corundum deposits and the known occurrence of 
this mineral in quantity should supply the full demand of the domestic market. 
Including imports, about 16,000 tons of corundum and emery are consumed 
annually in the United States and of this 500 tons are corundum. At the 
present price of 8@10c. per pound for corundum a small quantity only will be 
called for, but with a slight decrease in price a greater demand will arise at the 
expense of the emery. A small amount of corundum is imported into the United 
States from India but not enough to make any material difference in home 
production, and with an increased domestic output of corundum of good quality 
it is probable that importation would cease. 

What effect the manufacture of artificial corundum from bauxite by the 
Norton Emery Wheel Co. will have on the production of corundum, cannot yet 
be told, but much depends upon the question of cost. This company has erected 
a large plant at Niagara Falls, N. Y., and a portion of its output will be placed 
on the market. 

In the emery field, the Chester mines have been purchased by the Ashland 
Emery & Corundum Co. and the Hampden Emery Wheel Co. has entered the 
Peekskill emery field as a producer. The Chester emery still retains its high 
quality and is often designated as a corundum. The Peekskill emery, while 
not showing as high an abrasive efficiency as the Chester emery, possesses good 
abrasive qualities and for some purposes is fully as satisfactory as the best 
Chester emery or corundum. The spinel, which replaces the larger proportion 
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of corundum in this ore, has a good cutting edge and breaks with a rough frac- 
ture. This product gives good satisfaction when made into a vitrified wheel. A 
large increase in the production of Peekskill emery is anticipated and when 
thoroughly cleaned and prepared it should replace much of the imported ore. If 
the emery contaminated with garnet is kept separate, there should be no difficulty 
in obtaining a product which when cleaned can be manufactured into a vitrified 
wheel. A large quantity of crude Turkish and Naxos emery ores continues to 
be imported into the United States, due primarily to the low price at which it 
can be placed on the docks at Boston, New York or Philadelphia, as it is brought 
over as ballast. These imports amount to nearly 12,000 tons per year and the 
total domestic consumption barely exceeds 16,000 tons. There is thus ample op- 
portunity for a decided increase in the production of emery in this country to 
replace at least a portion of that imported. This may be said of corundum also, 
for with a production of 1,000 or 1,500 tons a similar amount of emery would be 
replaced and even with a slight decrease in price of the corundum, a much larger 
quantity would be used. 

The demand for corundum and emery is increasing, due to the large increase 
in general manufacturing, as well as to the improved methods of making the 
many varieties of corundum and emery stones and wheels, as oilstones, scythe- 
stones, hones, etc. Emery wheels of larger size are now made and in the near 
future they will probably rival some of the larger grindstones. These large 
emery wheels are made entirely by the silicate process and are used for saw gum- 
mers. It is a question whether the large vitrified emery wheels could be made 
cheaply enough to compete with large grindstones. Furthermore, many of the 
purposes for which these larger grindstones are used require a slower cutting 
than emery would give. Smaller grindstones, especially for household pur- 
poses, are being replaced by corundum and emery wheels which are manufactured 
in considerable quantity. There is no apparent reason why an export trade of 
American corundum should not be developed as none is produced elsewhere, 
except a very small quantity in India. The Canadian product would be on 
equal terms with that of the United States. 

The cleaning of corundum ores is now done by an automatic system. The 
Southern corundum, and emery calls for a somewhat different process than that 
applied to the Canadian and Montana ores; with the Montana ore a larger pro- 
portion of the impurities are removed by concentrators as the corundum is more 
readily separated from the other minerals in the crushing. It is necessary how- 
ever to eliminate as much of the feldspar as possible, otherwise the material 
will fuse and the abrasive efficiency of the vitrified wheel be lessened. Where 
the mineral attached to the particles of corundum is more or less micaceous it 
can only be removed by the “Muller process,” in which one grain of corundum is 
made to grind against another and thus wear away the softer material. 

In determining the percentage of corundum in an ore the mistake is still being 
made of reckoning the total percentage of alumina (AIl,0,) in the sample as 
corundum. This is incorrect, as many impurities contain high percentages of 
alumina. Garnets contain about 20% Al,O, and as they have often been mis- 
taken for corundum, considerable care should be taken in examining the sample. 
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The following method of determining the percentage of corundum in an ore as 
used by Pratt & Boltwood, of New Haven, Conn., has thus far proved satisfac- 
tory. ‘The material is crushed in an iron mortar to pass through a 14-mesh sieve 
and sampled; 2 g. of the sample are taken and treated with concentrated hydro- 
chloric acid on the water bath for two hours. The residue is then filtered, dried, 
and fused one-half hour with 6 g. sodium carbonate mixture (two parts Na,CO,, 
one part K,CO;) in a platinum crucible over an ordinary Bunsen burner. The 
fused mass is extracted with hot water and the solution decanted through a filter. 
The filter paper is dried and ignited in a platinum dish, the residue from treat- 
ment with hydrochloric acid is added to the dish, and the whole treated with an 
excess of concentrated hydrofluoric acid. The excess of hydrofluoric acid is 
removed by evaporation on the water bath and the residue is treated with hot 
water, and finally transferred to an ashless filter paper which with its contents 
| is dried, transferred to a weighed platinum crucible, ignited, cooled and weighed. 
The increase in weight (residue) is calculated as pure corundum. 

There has been practically no change in the uses of corundum and emery for 
the manufacture of wheels, blocks, stones of various shapes and sizes, emery 
paper and grains or powder, although there has been some change in the shape of 
the blocks and stones. Where corundum is transparent it is used for cutting 
into gems. The artificial abrasives, carborundum and crushed steel, have not 
cut into the corundum and emery trade to any considerable extent as, so far, 
| they are filling particular fields of their own. However, should corundum be 
produced in much larger quantities, carborundum will be one of its strongest 
: competitors. With emery, carborundum has been a competitor, but on account 
| of the greater cost of the carborundum, it has not thus far made much inroad 
| on the emery trade. Crushed steel, which is used in the stone cutting trade, 
particularly for marble and granite, has a field that is not entered by either 
corundum or emery. 

The Ashland Emery & Corundum Co. was recently incorporated under the 
laws of New Jersey, with a capital of $3,000,000. The emery companies taken 
over are the following: Ashland Mills Emery Co., of Perth Amboy, N. J.; 
Diamond Mills Emery Co., of Philadelphia; Jackson Mills Emery Co., of 
Easton, Pa.; Walpole Emery Mills, of South Walpole, Mass. ; Hampden Emery 
Mills, of Chester, Mass. ; and the Levant Emery Co. It is stated that the output 


of the company approximates 12,000 tons of crushed imported emery ore per 
annum, 5,000 tons of native ore, and 2,000 tons of corundum. The company 

owns emery mines at Chester, Mass., and at Peekskill, N. Y. 
EmEryY.—Greece.—The Naxos emery is found as masses in limestone, and con- 
tains 93°5% Al,0;. The deposits are worked by the inhabitants of the communi- 
ties of Apiranthos and Koronis, who own the mining rights and who sell the 
product to the Government at a uniform price amounting to $18°55 per ton. @ 
There has been a decided increase in the quantity of Naxos exported during the 
years 1900 and 1901, due to the facility in the shipping operations at Syra, 
whereas formerly in Naxos the difficulties of the shippers with laborers, and the 
danger incurred by the steamers loading in an open roadstead were very great. 
The quality of the mineral is now of better grade than formerly, although the 
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price remains the same, being $20°25 per metric ton, which includes the Govern- 
ment tax of $1 per ton. The emery as received in Syra is selected for exportation, 
and does not contain the residue of the small stones and rubbish which formerly 
was indiscriminately shipped at Naxos. The trade promises to flourish, as 6,023 
tons, valued at $130,000, were exported during 1900, and over 3,000 tons were 
exported in the first three months of 1901. The quantity exported in 1900 was 
distributed as follows: 1,760 tons to Hamburg, 1,670 tons to Liverpool, 1,380 
tons to Rotterdam, 1,000 tons to Boston, and the remainder to Odegsa. 


III. Cryourre. 


The importations of cryolite into the United States during 1901, as in pre- 
vious years, were derived from the mines in Greenland, and are given in the 
subjoined table. These shipments were made by the Pennsylvania Salt Manu- 
facturing Co., of Natrona, Pa., which possesses the exclusive privilege to import 
this mineral into North and South America. The remainder of the output of 
the Ivigtut mines is shipped to Copenhagen. 


IMPORTS OF ORYOLITE INTO THE UNITED STATES FROM 1890 To 1901, 
INCLUSIVE. (a) 


SE SS SRS Fh Se A ISR 
Year.|Long Tons.| Value. |/Year.|Long Tons.} Value. |} Year.|/Long Tons.| Value. || Year.|Long Tons.| Value. 


1890..| 7,129 | $95,405||1893..) 9,574 {$126,688 ||1896..} 3,009 | $40,056 || 1899..| 5,879 | $78,676 
1891..| 8.298 76,350 ||1804..| 10,684 | 142:494/||1807..| 10,115 | 135:114 || 1900..| _5°437 72:763 


1892. 7,241 96,932 |/1895.. 9,425 125,368 || 1898. . 6,201 88,501 || 1901.. 5,383 70,886 


(a) The values are those reported by the Custom House and represent the estimated cost at the mines. 
There being no United States Consul at shipping point in Greenland, a pro forma invoice is prepared for 
Custom House purposes, wherein the value represents only a small part of the actual cost at buyers’ factory. 


The value of cryolite in the United States is stated to be $80 per ton of 
2,240 lb., and results from the following items: Cost at the mine in Greenland, 
royalty to Danish Government, ocean freight, inland or domestic freight, cost 
of separating the pure cryolite, grinding and packing in barrels, and other minor 
expenses. 

According to a report furnished by the Danish Government the total produc- 
tion in Greenland was 8,874 metric tons in 1899, and 8,960 metric tons in 1900. 


IV. ALUMINUM. 


The production of aluminum in the United States continues to be supplied 
by the sole producer, the Pittsburg Reduction Co., of Niagara Falls, N. Y., and 
during 1901 the quantity produced was practically the same as in the previous 
year, being 7,150,000 lb. The demand for the light metal in-the electrical trade, 
particularly for purposes of conduction, and in the metal trade as a substitute 
for zinc and brass continues to be large. The subjoined tables give the produc- 
tion, imports and exports of aluminum in the United States and other of the 
principal countries in the world. 
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PRODUCTION, IMPORTS, AND CONSUMPTION OF ALUMINUM IN THE UNITED STATES. 


Production. Imports. Exports. yee aN. 
Year. oo 

Pounds. Value. Per Lb. Value. Value. Value. 
4,000,000 $1,400,000 $0°35 $4,731 (a) $1,404,731 
5,200,000 1,690,000 0°325 4,879 $239,997 1,454,882 
6,500,000 2,112,500 0°325 14,840 291,515 1,835,825 
7,150,000 2,288,000 0°32 47,688 281,821 2,053,847 
7,150,000 2,238,000 0°31 104,168 183,579 2,158,589 


(a) The exports from the United States were not reported by the Bureau of Statistics in this year. (b) 
The consumption each year includes a certain amount of manufactures imported; while the production repre- 
sents the crude aluminum only. The bulk of the imports is in crude condition. 


The statistics of aluminum production in Europe are not authoritative, several 


of the important companies being unwilling to make their figures public. 


The 


Metallgesellschaft, of Frankfort-on-Main, gives the following statistics for Europe 
in its last annual report, to which we have added our own figures for the United 
States, and those of C. Le Neve Foster for England previous to 1900. 


ALUMINUM: WORLD’S PRODUCTION AND COMMERCE. (IN KILOGRAMS. ) 


Germany. Switzerland. England. France. United States. (a) mated 
ota 
Be Prod Produe- | Prod Prod fon 
Imports. | *"5 neg ~| Bxperts,| "45 tion | Imports. | Exports. | * tion. | Imports. tion. 
1896... 591,500 700,000 | 661,100 130,000 370,000 7,012 192,763 589,676 316 1,789,676 
1897.. 942,400 800,000 | 706,000 |6310,000 470,000 6,360 224,000 | 1,814,388 854 8,394,448 
1898..] 1,104,000 800,000 | 677,300 310,000 565,000 5,972 187,955 | 2,858,705 27 4,033,705 
1899... 22,000 | 1,300,000 | 604.200 559,000 1,000,000 8,468 256,242 | 2,948,381 24,323 6,807,381 
1900..| 943,400 | 2:500,000 | 571,200 | 500000 | 1,500;000 | 8,000 | 324’000 | 3'243'219 | gt0'e38 | 7'zas'e19. 


(a) The United States has been an exporter of aluminum for several years, but these exportations were not 


enumerated by the Bureau of Statistics of the Treasury Department until 1898, in which year they amounted 
to $239,997. (6) C. Le Neve Foster, British Mineral Statistics for 1897. 

Prices.—The quotations for aluminum ingots per pound at the close of 1901 
were as follows: 99-75% Al, 33@37%ec.; 90 to 99% (impurities Fe and Si) 
31@34e. ; nickel-aluminum metal (aluminum with less than 10% Ni) 33@39¢e; 
special casting alloy (containing over 80% Al), 27@35c. The import duty on 
aluminum in the United States is 8c. per pound on ingot and 13c. per pound on 
sheet and manufactured. 


PROGRESS IN THE ALUMINUM INDUSTRY IN 1901. 


By JOHN B. C. KERSHAW. 


Production—The number of works for production of aluminum has been 
increased from 8 to 9—during 1901—by the completion of the new factory 
at Shawinigan Falls in Canada, for the Pittsburg Reduction Co. It is unlikely 
that this factory will increase the American output of the metal seriously, 
before the end of 1902. Owing to the falling off in the demand for calcium 


carbide during 1901, the Schweizerische Gesellschaft f. Elektro-chemische 
Industrie of Basel, has decided to take up the manufacture of aluminum. 
The figures for the actual amount of aluminum produced in 1900 and 1901, 
by the American and Kuropean factories, are again based on estimates—and 
The Neuhausen, and other European companies still 


not on official returns. 
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refuse to furnish figures for their output in 1900 and 1901, and as pointed out 
in Tue Minera Inpustry, Vol. IX., p. 20, estimates based on the power 
available in the European works are wholly misleading. 


TABLE I.—DETAILS OF ALUMINUM WORKS IN EUROPE AND AMERICA. 


Horse Power. 
6 Name of Company. Locality of Works. : Process. | Capital. 
Z, Available|In Use.(@) 
{1 |The Pittsburg Reduction Co.............++- Niagara Falls......|..---+++++ * 10.000 ad aise iss oiria)| a veseioieivisieve 
2 |The Pittsburg Reduction Co............6+ Niagara Falls......]......-.-. fer ; HAM aioe cosa acai tawe 
3 |The Pittsburg Reduction Co............+-++ Shawinigan Falls. . 6,000 (?) LEIS aerial Gocoscscce 
4 |The British Aluminium Co.............+++> POYeTS....0200ee+es 14,000 5,000 |Heroult...... $3,360,000 
5 |Société Electro-Metallurgique Frangaise...|Le Praz............ 12,500 5,000. |Heroult...... 880, 
6 |Compagnie des Produits Chimiques d’Alais. St. Michel.......... 6,000 2,000 |Hall & Minet.}.......... 
7 Socigté Anonyme pour Vndustrie dé/| Neunauson.......| 4,000 | 4,000 |Heroult.... 
p Socigts Anonyme pour Hndustrie d¢/| pheintelden......| 5,000 | 6000 |Heroutt.... | $807,000 
9 [Sociges Anonyme pour Mndustrio d¢| rena Gastein....| 5000 | (®) _[Heroult....} 


(a) With the exception of the American and Canadian works, all these works manufacture other products 
in addition to aluminum. ; 


The figures given in Table I. show that 26,000 H.P. is actually developed in . 
these six factories, and assuming that only 0°617 kg. aluminum is produced 
per H.P. day, the capacity of these Kuropean works is over 5,200 tons per year. 
The highest estimate of their 1900 and 1901 production is however 4,600 tons 
and it is by no means certain that even this figure has been attained. The 
production at Foyers is however stated to be growing, and it is now three or 
four times greater than in 1896 and 1897. An estimate by a fairly reliable 
authority of the Neuhausen Co.’s production in recent years gives 1,000 tons in 
1898, 1,500 tons in 1899 and 2,500 tons in 1900. Of the latter total, 1,000 
tong is estimated to have been produced at Neuhausen, and the balance at Rhein- 
felden and Lend Gastein. The total European production in 1900 is estimated 
at 4,000 tons. The Metallgesellschaft of Frankfort published the following 
figures for aluminum production in 1900: Neuhausen, Rheinfelden and Lend 
Gastein, 2,540 tons; Foyers, 510 tons; St. Michel and Le Praz, 1,530 tons; 
Niagara Falls, 3,230 tons. Total, 7,810 tons (metric tons of 2,204 lb.). The 
actual 1900 production of aluminum was therefore probably between 7,000 and 
7,500 tons, and the 1901 figures, if they could be obtained, would probably show 
a slight advance upon those for the preceding year. 

The new plant of the Pittsburg Reduction Co. at Shawinigan Falls consists 
of two 3,000-H.P. turbines, each direct coupled to two 1,000-K.W. generators, 
giving a total available power of 6,000 H.P. The supply canal is 1,000 ft. long, 
by 100 ft. wide, and 20 ft. deep. It ends in a fore-bay 125 ft. above the two 
power-houses, to which the water is carried by three pen-stocks each 9 ft. in | 
diameter. The main power-house of the Shawinigan Water & Power Co. con-— 
tains two 6,000-HP. turbines. The second power-house is smaller, and con- 
tains only the Pittsburg Reduction Co.’s generating units, whose works are 175 zt. 
above the power generating station. Aluminum conductors are used to con- 
vey the power. In order to protect the bare aluminum cables from the effects 
of exposure, a covered passageway has been built over the cables for the whole 
of the distance (about 400 ft.). This is the first practical recognition in America, 
that aluminum as a conductor does not resist: exposure as well as copper; and 


22 THE MINERAL INDUSTRY. 


this erection of a covered way for the aluminum cables, is highly significant 
in its bearings upon the future of the metal as an electrical conductor. The 
works at Shawinigan Falls are stated to have cost $250,000 and this locality 
has been selected for the site of the new factory, on account of the adjacent 
deposits of corundum. 

As regards finance, the Aluminium Industrie Aktien Gesellschaft, of Neu- 

hausen, still remains the most successful of the companies whose accounts are 
available for comparison. The gross profits in 1900, amounted to $406,200 and 
this company has paid 12°5% for 1900, as compared with 13% for 1899. The 
valuation of their works is as follows: Neuhausen, $960,000; Rheinfelden, 
$1,140,000; Lend Gastein, $720,000. All the patents owned by this company 
have been written off in the accounts and the reserve fund now stands at 
$67,000. The total capital is $3,077,000. 
_ The British Aluminium Co.’s report for 1900, is far less satisfactory reading 
for the shareholders, but as all the ordinary shares in, this company are stated 
to be held privately, the loss to the outside public is less serious than it might 
have been. Owing to an error in the 1899 stock taking, to excessive capital 
outlay on the carbide works and to the increased cost of fuel and other raw 
materials in 1900, the company finds itself with $17,200 less profit than in 1899. 
The amount standing to the credit of the profit and loss account is therefore 
carried forward, and the preference shareholders have to go without the % 
dividend. 

With regard to variations in cost and sale price of aluminum during 1901, 
there is little to report. The representatives of the leading European com- 
panies, and of the Pittsburg Reduction Co., have however recently held a meet- 
img, in order to arrange for the future regulation of output and price. This 
can only mean an advance in price, and it is therefore probable that aluminum 
has touched bottom as regards cost to the consumer, until a cheaper raw material 
than refined alumina is used for the reduction process. 

The following are the November, 1901, American prices for aluminum: 
99% Al and over, 33 to 37%c. per lb.; 90 to 99% Al (impurities, Fe and Si), 
31 to 34c. per lb.; drawn rod, and wire, -0000 to No. 6, B. & S. Gauge, 39°5e. 
per lb. There is a deduction of 7c. off the list prices, for rod and wire, with 
20,000-lb. orders; and aluminum for transmission lines, therefore, costs 32°5c. 
per lb. in America. The import duty on aluminum in the United States is 8c. 
per lb. on ingot metal, and 138c. per lb. on sheet and manufactured metal; so 
the Pittsburg Reduction Co. and its customers are well protected from European 
competition. 

The November price list of the Foyers company gives the following figures: 


( Bara08-008 Al east oinioes scoee en mone 27°8 cents per Ib. 
Special for steel makers........... «sss 27°8 cents per Ib 
Ingot metal......cccesseseees APISPecislZalloyc cuss sae stes ek oe sae 2?°8 cents per Ib. 
{ Olframium alloy seeds ies seek ae oe eke 33°0 cents per Ib 

Romaniumsy- Alloys. tees. eis teee 33°0 cents per Ib 


Three cents extra per lb. is charged on the above ingot metal for a guarantee 
of over 99% AL. 
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The average sale price of the Pittsburg Reduction Co.’s production, worked 
out to 32°7e. per lb. in 1899, and to 32°3c. per lb. in 1900. 

No very noteworthy figures relating to the efficiency of the process by which 
aluminum is produced, have been published during 1901. An anonymous writer 
in a London journal’ has stated that at Foyers 12 E.H.P. hours were now 
yielding 1 lb. aluminum. This is equivalent to 0°909 kg. per E.H.P. day, or 
0-76 kg. per H.P. day; and is an advance upon the earlier published figure, of 
0°617 kg. aluminum per H.H.P. day. 

With regard to patent litigation, the year 1900 has witnessed two decisions 
of importance. The application made by the British Aluminium Co. to the 
English courts, praying that an extension of time for the Heroult patent might 
be granted, failed, and the patents owned by this firm therefore lapse in 1902. 
In America the long drawn-out litigation between the Electric Smelting & 
Refining Co. of Cleveland, and the Pittsburg Reduction Co., has been settled 
by a judgment in favor of the latter company. This action was commenced in 
4897, and was based upon an alleged infringement of the Bradley patents issued 
in 1892, and owned by the Cleveland company. The most important event of 
the year is the granting of patents to Hall, of the Pittsburg Reduction Co., 
for improvements in the method of preparing bauxite for the reduction process. 
At present the cost of the refined alumina is one of the chief items in the total 
cost of manufacturing aluminum and no great reduction in the cost of the 
metal can be expected until this heavy item of expenditure is lessened. Hall 
proposes to prepare bauxite for the reduction process by submitting it to a pre- 
liminary heating in an electric furnace for some hours, in presence of carbon 
and aluminum. ‘The ferric oxide and silica are reduced to the metallic state 
and form a heavy alloy with the aluminum, which when cooled can easily be 
detached from the mass. The new Hall procedure may be widely adopted if 
the cost of treatment is not too high. Blackmore has patented during 1901 
a method of reducing alumina by means of calcium carbide; the alumina being 
used as raw material in a bath of fused cryolite and lithium chloride. The cost 
of working this process is stated to be only 7c. per lb., but until further par- 
ticulars are published, this statement must be accepted cum grano salis. Moody 
and Tucker have also been conducting researches upon the action of calcium 
carbide on alumina, and they find that.if calcium carbide be present, the oxide 
can be reduced to aluminum by carbon in presence of the electric arc. Such 
reduction does not occur when calcium carbide is absent.? 

Urinization.—Electrical Conductors—The use of aluminum as a substitute 
for copper for bare overhead transmission lines has attracted much attention 
throughout 1901, and in America especially, this outlet for the metal is becom- 
ing of marked importance. The difficulty with regard to the low and variable 
tensile strength of pure aluminum has been overcome by the use of stranded 
cables. The addition of small amounts of copper or iron in order to increase 
the strength of the metal is now recognized as a mistake, since it seriously reduces 
the conductivity and renders the line less resistant to weather influences. 


—; 


1 The Engineer, March 22, 1901. 


2 Journal of the Society of Chemical Industry, October, 1901. 
~» 


24 THE MINERAL INDUSTRY. 


In Europe progress in the use of aluminum as an electrical conductor is 
less rapid and Italy is the only country which yet possesses overhead bare 
aluminum transmission lines, working in connection with a central power 
generating station. The Neuhausen and the Foyers companies both use 
aluminum as a conductor within their own works, but these are private installa- 
tions and are not worked upon a commercial basis. At the Glasgow Exhibition 
in 1901, aluminum was employed for the outdoor lighting and 10,000 yd. of 
bare wire are said to have been used for the arc-lamps which were run on 
500-volt circuits. Here again the trial was not a commercial one, for the 
British Aluminium Co. loaned the wire required for this work, to the Exhibi- 
tion authorities. 

The Niagara Falls Power Co. has used the new metal for the second three- 
phase transmission line, 22 miles in length, between Niagara Falls and Buffalo. 
Three cables have been erected, each consisting of 37 strands. The resistance 
of each cable is 032 ohm at 0°C., the sectional area is 500,000 cm. and the 
tensile strength is 25,000 lb. per sq. in. The estimated loss of power when 
transmitting 10,000 H.P. at 22,000-volts pressure, is 7%. The original copper 
cable contained 19 strands. The spans have been increased from 75 to 112 ft., 
and the pressure on both lines, which run for many miles parallel, has been 
raised to 22,000 volts. By this means the capacity of the two lines has been 
raised to 30,000 H.P. and it is hoped that shortly all of this power will be dis- 
posed of in Buffalo, and its neighborhood. 

Hoopes® has stated that aluminum collects less snow in bad weather than 
copper. This observation, if correct, may be an effect due to the different specific 
heats of the two metals, as these stand in the ratio 100: 47, that of aluminum be- 
ing the higher. Hoopes recognizes that first cost is only one factor of the problem 
relating to the use of aluminum in place of copper for conductors, and he 
states that reliability, durability, and cost of erection are other factors of almost 
equal importance. With regard to the first, he states that the early breaks in 
America with aluminum were due to the use of alloys, and that none have 
occurred since the pure metal was used. As regards durability, he states that 
aluminum is only attacked chemically by HCl, Cl, and NaOH, and that in 
these cases a protective coating of Al,O, will be formed. In his opinion, the 
cost of erecting aluminum wires should not exceed that of copper, because it 
is lighter, and longer spans with fewer poles can therefore be used. The ex- 
perience gained in my own experiments, will not allow me to support all of 
these opinions. Hoopes also states that pure aluminum is now alone used in 
the United States for wire drawing, it having been apparently recognized that 
the alloys of aluminum with iron or copper are not so durable as aluminum 
alone, although the tensile strength of these alloys is greater. 

The Italian transmission line mentioned above, extends between Sarno, Pom- 
peii, and Forre Annunziate. The total power transmitted is only 450 H.P. 
and the voltage is low, being 3,600. Three aluminum conductors are in use, 
1°8, 9°0 and 2:0 miles in length, respectively. 

An important but anonymous report upon the bare overhead aluminum lines 


3 The Street Railway Review, Jan. 15, 1901. 
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erected in 1899 for the electric lighting of Northallerton, England, appeared 
in March, 1901.* For this installation, wire testing 98:1% Al with a conductivity 
of only 51 (copper, 100), is stated to have been used. The joints were made 
by means of screwed sockets of brass. These held well, but they gradually 
failed owing to the formation of oxide. The copper and aluminum joints, 
made by twisting the two wires together, lasted only six months. The extra 
cost of erecting and maintaining the aluminum network of wires, as compared 
with copper, is stated to have more than balanced the saving in first cost. 

Some of the statements in this report have been disputed by the representa- 
tives of the British Aluminium Co. and repeat orders for aluminum wire are 
said to have been given by the Northallerton Electric Light & Power Co. 

A minor use of aluminum for conducting purposes is reported in connection 
with the equipment of the new electro-chemical laboratory at Victoria Uni- 
versity, Manchester, England. In this case ‘aluminum has been used for some 
of the leads, and the joints have been made with an ordinary blowpipe, by a 
method which appears to be similar to that patented by Heraeus, details of which 
are given in THE MineraL INbustTRY, Vol 1X. p29. 

A new transmission line of aluminum is being erected by the Snoqualmie 
Falls Power Co. in California. The new line will extend from the power sta- 
tion at the Falls to Seattle and Tacoma, distant 32 and 44 miles respectively. 
The new line will require 125 tons of the metal and it is intended to trans- 
mit 12,000 H.P. at 30,000-volts pressure. 

With regard to the aluminum wires erected in Chicago in November, 1899, 
in connection with the telephone fire-alarm system, the city electrician reports, 
that these are answering well and that no special troubles have yet been experi- 
enced with them. 

During the discussion upon my paper before the London Institution of Electri- 
cal Engineers in January, 1901,° Mr. J. Gavey gave some interesting details 
relating to the trials of aluminum by the post-office authorities in Staffordshire, 
England. In December, 1900, between 18 and 20 miles of aluminum wire 
were in use, 15 miles of which were erected in the “Potteries.” Within 14 
days of the erection of this wire, a heavy gale was experienced, resulting in 
eight or ten breaks in the spans. These breaks were attributed to variations in 
the mechanical or chemical constitution of the wire. Similar breaks were experi- 
enced at first with the aluminum wire used for telephone purposes in California 
by the Pacific Telephone & Telegraph Co. The weight of the wire used in Staf- 
fordshire was 78 lb. per mile; the diameter was 1°24 mm., the tensile strength was 
12°56 tons per sq. in. and the specific resistance was 2°974 ohms. 

In a recent letter, Mr. J. Gavey, the English post-office electrician, informs me 
that the post-office authorities have been investigating the cause of the failure 
of the aluminum telegraph lines erected in December, 1900. The experiments 
show that the limit of elasticity of aluminum under constant stress is much 
diminished. A wire breaking under the ordinary conditions of trial at 325 |b., 


4 Electrical Review (London), March 8, 1901. 
5 Tam MineRAL InpustRY, Vol. IX., p. 31, and the Journal of the Proceedings of the Institution of Electri 
cal Engineers, Vol. XXX., 1901. : 
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with a maximum extension of 0°5 in., when submitted to a constant stress of 
220 lb. broke at the end of 525 hours, the permanent extension being 2°54 in. 
The results given above are highly important in their bearing upon the use of 
aluminum for overhead conductors. 

In the same discussion Prof. Forbes stated that two lengths of aluminum 
wire, drawn from Foyers and Neuhausen metal respectively, had been exposed 
at Fettercairn, Scotland, for 18 months and 3 years, and that in December, 
1900, both wires were in good condition. Mr. Ristori made a similar report 
regarding the aluminum conductors in use at Foyers. 

As regards the total weight of aluminum used in 1900 and 1901, for conduct- 
ing purposes, no reliable figures can be given. As already stated, the largest use 
of aluminum for this purpose is in America, and Hoopes states that two recent 
orders placed in that country have. amounted together to 1,250,000 lb. It is 
therefore evident that half a dozen such orders would absorb a very large 
portion of the annual output of the Niagara works. The break in the price 
of copper, which has occurred during 1901, will however affect the sale of 
aluminum for conducting purposes; since with copper again at £50@£55 per 
ton, there will be little inducement to use the lighter metal, until a further re- 
duction in its cost has been brought about. As pointed out on page 23, this 
reduction in the cost of aluminum is now within sight. The price at which 
ingot aluminum must be sold to equal electrolytic copper at £55 per ton, can 
be calculated by aid of the following formula, in which P.p. represent the price, 
C.c. the conductivity, and S.s. the specific gravity, of copper and aluminum 
respectively :-— 

SxXPxt]sxp xc 


Taking the following values: S = 8-93, C = 100, P = £55 per ton; 6, = .2°68, 
c= 59, p=, and substituting these in the equation already given we obtain: 
8:93 X 55 X 59 = 2°68 X @ X 100, and x = 8°93 X 55 X 59 ~ 2°68 x 100 — 
£109°40 per ton or 23°4c. per Ib. 

Whether aluminum will ever be sold of the requisite degree of purity at this 
price, remains to be seen. 

Balloons and Boats.—The interest in aluminum as the lightest known metal 
has been transferred by the exploits of M. Santos Dumont from the sea to the 
air, and the metal or its alloys is being used by builders for the construction of 
the framework of the majority of the navigable balloons now being experimented 
with. Count Zeppelin’s air-ship, in the construction of which aluminum was 
used, has not indeed been heard of during 1901, but other vessels of similar 
design have been much to the front. M. Santos Dumont, the Brazilian who 
circumnavigated the Eifel Tower and won the Deutsch prize, is believed to have 
used aluminum alloys largely in the construction of his air-ship. M. Roze, of 
Paris, also is said to be employing 15,000 ft. aluminum rod and tubing, for the 
framework of his new navigable balloon. This vessel when completed will 
- possess two cigar-shaped balloons enclosed in an aluminum framework, each 
frame being 140 ft. long and 22 ft. in diameter. 

With regard to the use of aluminum for boat building, this metal was used for 
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the deck plates of the English racing yacht Shamrock II. Some difficulty was 
experienced: by the builders at first in handling these plates, due to lack of 
knowledge of the properties of aluminum.* The aluminum deck was covered 
with thin wood, to act as a protection and to afford the requisite foothold. The 
American racing yacht Independence also was built with deck plates of an 
alloy of aluminum, of a tensile strength of 35,000 lb. per sq. in. These plates 
were covered with canvas put on with marine glue, in order that they might be 
protected from the action of the salt water. The ultimate goal of these plates 
and of those of Shamrock IT. is probably the scrap heap; for it was reported that 
the New York scrap aluminum market had been disorganized in October, by 
the sale of the deck plates of the old cup-yacht Defender. These plates were 
so badly corroded that the metal remaining was of little value. It is indeed 
now generally recognized that aluminum will not stand the action of salt water 
for any length of time, even when covered with a protective coating, 

Cycles and Motor-cars—The use of aluminum alloys in motor-car construc- 
tion is extending; and according to Richards,’ Corbin of Paris is turning out 
% tons of aluminum castings per week, .chiefly for automobile builders, Care 
is necessary in cleaning and preserving these portions of the framework of the 
vehicles, and the use of oil is recommended to protect the alloys employed, from 
the effects of moisture or mud. This would seem to indicate that automobilists 
have wisely recognized that aluminum alloys, though light, are not resistant to 
all weather conditions, and the disappointment if corrosion should occur will 
be less fatal than in the case of the boat-building industry, in which expecta- 
tions of the value of the new metal were unduly raised. 

Printing.—The substitution of aluminum for stone in lithographic work is 
believed to be increasing and some interesting letters* have been published from 
lithographic firms using aluminum in their printing machines. The chief ad- 
vantages over stone were stated to be economy in first cost, and greater speed 
in obtaining impressions. It is admitted that experience is required, before good 
results can be obtained with aluminum and here, as in the use of the metal 
for other purposes, it is unwise of those interested in the sale of aluminum to 
press unduly its superior advantages. Practical hints upon the precautions to 
be observed in using aluminum for lithographic work will be found in the 
publication named below.®° 

Foundry and Metallurgical Uses—The use of aluminum in foundry and cast- 
ing work is one of the most important outlets for the metal. According to 
Heroult, 2,500 tons of the lower grades of aluminum are now used per annum 
in the steel industry alone. The affinity of aluminum for oxygen, which renders 
it of value in steel casting, is also the basis of its use for producing heat by 
the Goldschmidt process. The Chemische-Thermo Industrie, formed to exploit 
this process, now places on the market the mixture of aluminum powder and 
ferric oxide under the trade name of “Thermit.” The mechanical details 
of the application of the method to rail-welding and to repairs of propellor 
shafts have been much improved during 1901. The temperature attained by 


8 The Aluminum World, May, 1901. 8 The Aluminum World, January, 1901, 
7 Journal of the Franklin Institute, February, 1901. 9 Ibid., January to December, 1901. 
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the molten iron, when this process is worked under the most favorable conditions, 
is said to approach 3,000°C., and it is evident that at such a temperature, weld- 
ing work can be carried out, which would be most difficult or impossible to per- 
form, by any other means, as for example, the repairing of propellor shafts 
in mid-ocean. The application of the method to the reduction of refractory 
oxides does not appear to have advanced beyond the laboratory stage excepting 
in the case of chromium and its alloys, which are now produced by the Gold- 
schmidt Co., at Essen. The method however is applicable to the reduction of 
practically all of the heavy metallic oxides, and any of these metals can now 
be prepared at a moderate cost from its corresponding oxide. When using an 
excess of aluminum, alloys of aluminum and the concerned metal are obtained. 
In this way Guillet has recently prepared ‘alloys of aluminum and tungsten.’ 
Vanadic oxide has also been reduced with success by the Goldschmidt process. 
The details of the method and its application in this particular instance, have 
been described by Smith.1t Vanadium added to steel increases its tensile 
strength, and Smith gives tests showing a gain of 10 tons per sq. in., as the 
result of an addition of 0°56% V to tool steel. 

Miscellaneous Uses——An aluminum alloy capable of taking a high polish is 
now being used for constructing the bright parts of oil stoves, and in France 
and in Italy a large and growing industry in the new metal is being built up 
by the manufacturers of funeral wreaths. During 1901 a proposal has been 
made to use thin aluminum foil in place of paper for printing and other pur- 
poses, but the cost would be prohibitive. The use of aluminum for large castings 
is extending. An English firm which has made a special feature of this work, 
recently cast a motor-engine cylinder and bed-plate, weighing 300 lb. If cast 
in iron, this would have weighed 800 lb.; the saving in weight was therefore 
considerable. At the Buffalo Exposition, 1901, the Pittsburg Reduction Co. 
exhibited an octagonal house, 22 ft. in height, and covering 15 sq. ft., built 
completely of No. 24 sheet aluminum. 

The use of aluminum for the manufacture of novelties is a special branch 


of the business which has been energetically pushed in the United States. Small 


articles of aluminum, such as trays, paper cutters, calendars, mirrors, boxes, etc., 
stamped with the name of the advertising firm, find ready acceptance at the hands 
of customers, and so long as the metal retains its brightness, they form most 
useful advertisements. This use for the metal might be developed more vigor- 
ously in Europe where novelties in aluminum are the exception rather than the 
rule. 

Alloys of Aluminum.—Two new alloys have appeared during the year and are 
known as nickel-aluminum and “minckin.” The former consists mainly of alumi- 
num with nickel and copper, the alloy having a sp. gr. of 2°86. The difficulty of 
alloying aluminum of low melting point ‘with nickel of high melting point is sur- 
mounted by alloying the aluminum first with copper, which prepares it to take up 
the nickel later. Tests have shown a tensile strength for nickel-aluminum of 16-44 
tons per sq. in. Minckin is an alloy similar to the so-called “new silver” but con- 


10 Comptes Rendus, May 6, 1901. 1 Journal of the Society of Chemical Industry, December, 1901. 
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tains more nickel. Ordinary “new silver” contains 26% Ni, an amount beyond 
which it was formerly difficult to go, owing to the development of gases in the 
mass. Minckin is being largely used on account of its resistance to the corrosive 
action of weak acids and alkalies. / 

Partinum, the alloy of aluminum and tungsten, is being manufactured in Paris 
and the employment of this alloy, which is said to possess a tensile strength of 
49,000 lb. per sq. in., is believed to be growing. The laboratory production of 
alloys of aluminum and tungsten by the Goldschmidt method, has already been 
referred to. 

Albradium, an alloy of copper, nickel, zinc, phosphorus, and aluminum, is 
manufactured by a company in London, and samples of this alloy were shown 
at the Paris (1900) Exposition. Magnalium, the alloy of aluminum and mag- 
nesium, is manufactured by the Deutsche Magnalium Gesellschaft and is pro- 
tected by German Patent No. 113,935 of 1899. The alloys containing from 2 to 
10% Mg are found to be the most valuable, and their ductility and malleability 
can be much increased by rolling and annealing. The resistance offered by this 
alloy to the effect of salt water or to “weathering” is low, and it cannot therefore 
be employed for marine work, or for outdoor decorative work in bad climates. | 

Jos. W. Richards has published some information concerning the alloys of alu- 
minum and zine.’? The hardest and strongest of the aluminum and zine alloys is 
that containing two parts of aluminum to one of zine, while the alloy with three of 
aluminum to one of zine is the most generally useful and has special application 
for making scale beams, surveying and astronomical instruments, gear wheels, etc. 
With decreased percentage of zinc, the hardness and the tensile strength of the 
alloy are decreased, thus affording material for special application where the 
previously mentioned alloys are too hard. Alloys containing less aluminum than 
zinc, do not appear to have any specially valuable mechanical properties. 

Tetmayer .has published researches bearing on aluminum bronzes.** The 
tests were carried out in the Laboratory of the Zurich Polytechnic at the 
request of the Neuhausen Aluminium Co. ‘Three series of experiments were 
planned, but only those relating to aluminum bronzes were completed. The 
specific gravity of the bronzes first rises and then falls as the percentage of 
aluminum increases. The maximum strength for soft alloys was obtained with 
3°-4% Al, and for hard alloys with only 14% Al. Aluminum bronze contain- 
ing 10% Al with 15% Fe and Si, is too brittle to be of any practical value. 
As regards the use of aluminum bronze for bearings, the hard variety with less 
than 89:°60% Cu stood the tests well, while the soft bronzes with less than 
6% Al, heated and lost rapidly in weight. 

In a contribution to the French Academie des Sciences** M. Le Bon has 
described experiments upon the effect of minute quantities of mercury on alu- 
minum. Such an alloy was attacked by water and by all acids, with progressive 
and complete oxidation of the aluminum. ‘These results show the necessity for 
great care in the manufacture of aluminum, for minute traces of metals other 


12 The Aluminum World, May, 1901. 
13 Revue de l’Electricite (Berne), Aug. 31, 1901. 
14 Comptes Rendus, January, 1901. 
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than mercury, may have equally disastrous results upon the durability of the 
metal when exposed to water or damp air, 

Soldering and Welding.—Patent solders still continue to be manufactured 
and sold, although, on account of the remarkably high affinity of aluminum for 
oxygen, no metal can be used with it for jointing purposes that will not form 
the electro-negative element of an electric couple, when the joint is immersed in 
water or is exposed to a damp atmosphere. For this reason, all soldered joints 
under these conditions are certain in time to become weak and to show disintegra- 
tion. The only two satisfactory methods of jointing aluminum are therefore 
the mechanical, and the method devised by Heraeus. The former has been used 
for most of the American transmission lines, the Mac-Intyre sleeve joint being 
that usually employed. The latter, known as the autogenous weld, can be easily 
learned and applied. - 

In the discussion upon the paper by Morrison referred to below, Bubb stated 
that the method of jointing aluminum wires by the autogenous method, could be 
easily mastered, and that any man with a blowpipe could make satisfactory 
joints after 30 minutes’ practice. 

Gavey gave some interesting details relative to the jointing of aluminum wires, 
in the discussion already referred to.1° He stated that the question of soldering 
seemed to be solved so far as the mere soldering of joints was concerned, but un- 
fortunately the heat necessary for the soldering annealed the wire and reduced its 
strength exactly one-half. Ultimately the wires were run out in the full length 
of the coil, each coil being erected on an insulator, and the joint soldered in a 
little loop, so that the annealing of the wire itself had no injurious effect on the 
strength of the portion that was suspended. 

The method described above, for overcoming the difficulty caused by the loss 
in tensile strength due to the heating of the wire when jointing, in conjunction 
with the autogenous weld, will probably be generally adopted for overhead wires 
in the future. 

Plating.—Further details of the Wachwitz method of plating aluminum have 
been published during 1901. This method depends upon rolling plates of alu- 
minum and copper together while heated and is therefore a mechanical process. 
In the first rolling, the aluminum is used as a very thin foil, and in the second 
rolling a thicker plate of aluminum is used with the copper. The method is 
said to yield good results and the finished copper-aluminum sheets can be used 
for various industrial purposes. Nothing further has been published concern- 
ing the exhibit of an electro-deposited plate of aluminum at the Paris (1900) 
Exposition, or the method by which it was produced. An interesting method 
of purifying crude aluminum, by using it as a molten anode in a bath of fused 
fluorides, with molten aluminum as cathode, has been patented by Hoopes." 
This process can however never occupy the place in the aluminum industry that 
electrolytic refining has taken in the copper industry, for silicon and iron, the 
impurities of commercial aluminum, are practically valueless, and can never 
pay for their recovery in an electrolytic bath. The Hoopes patent has been 


18 Proceedings of the Institution of Electrical Engineers, Vol. XXX., Part 149, 
16 United States Patent No. 678.364, 1901. 
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assigned to the Pittsburg Reduction Co. As regards the difficulties met with in 
plating upon aluminum, Ryan’ recommends a preliminary treatment with 
phosphoric acid before immersion in the plating bath. The selection of aluminum 
plates of uniform composition is also held to be a necessity for the attainment 
of good results, since silicon and iron are often accumulated in spots, and these 
give rise to local circuits in the electroplating bath.™ 

Properties.—The properties of aluminum in certain of its commercial forms 
have already been discussed elsewhere in this section under the headings of 
Alloys and Electrical Conductors. As regards electrical conductivity, Hoopes 
states that pure aluminun only is now used for transmission cables, and that at 
"0O°F. the relative conductivity of aluminum and copper may be taken as 
62:9:100. The following tests, recently given to the public, were made by the 
officials of the Pittsburg Reduction Co. in 1898, and are interesting as showing 
the marked effect of small amounts of impurity upon the conductivity of unan- 
nealed aluminum :— 


Composition. Resistivity. Composition. Resistivity. 


99°66% Al ; 97-16% Al 2°82 
99:58% Al 94:39¢ Al 3:01 
98-77% Al 


The conductivity is of course the reciprocal of these figures, but in the absence 
of details as to the size of the wire used in carrying out the tests, it cannot be 
expressed in the usual way, namely, as percentages of the conductivity of elec- 
trolytic copper of equal sectional area and length. 

With reference to the resistance offered by aluminum and its alloys to weather 
influences, the exposure tests that I commenced at St. Helens and Waterloo in 
1899, are still being continued, and the further results of these will be published 
in the course of 1902. Details of the figures obtained during the first 10 months’ 
exposure were given in THe Mineran Inpusrry, Vol. IX., p. 31. The con- 
tributions of Prof. G. Forbes and Mr. E. Ristori to the discussion which fol- 
lowed the reading of my paper in January, 1901, have already been referred to 
under Electrical Conductors. As regards the composition of commercial alu- 
minum now being placed upon the market as first grade metal, the following 
figures have been published for the product of the British Aluminium Co.: Al, 
99-58% ; Si, 018%; Fe, 0°24%. This compares favorably with the Pittsburg 
Reduction Co.’s 99°66% metal. 

Prof. Wilson, in a paper read before the London Institution of Electrical 
Engineers in December, 1901, gave a large number of chemical and phys- 
ical tests of aluminum and its alloys, a portion of which is reprinted on page 32. 

It will be noticed in the above table, that the conductivities range from 
48:6% to 61°5%; the latter being obtained with commercially pure aluminum 
containing 0:14% Si and 0°31% Fe. The breaking strain of this wire was 
28,200 Ib.; while the strongest alloy was that containing 1:08% Cu (No. 22 in 
the Table) the breaking strain in this case being 45,900 Ib. 

Morrison, in his paper read before the same Society at Glasgow, dealt with the 


17 German Patent No. 116,319, 1899. 18 Flectrical Review (New York), May 18, 1901. 
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PROF. WILSON’S TESTS OF ALUMINUM AND CERTAIN ALLOYS OF THE METAL. 
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manufacture of aluminum at Foyers and with the well-known uses of the metal, 
but added little information to what has already been published in this and 
previous volumes of THe Minerat Inpustrry. With reference to the use of 
aluminum as an electrical conductor, he stated that the wires at Foyers after four 
years’ use, showed no appreciable deterioration. 


V. ALUM AND ALUMINUM SULPHATE. 


Auum, ArTIFICIAL.—The production of alum and aluminum sulphate in the 
United States during 1901 increased very largely, the reported output of alumi- 
num sulphate amounting to 74,721 short tons, as compared with 61,678 short 
tons in 1900, while that of crystallized alum was 7,755 short tons, as compared 
with 20,531 short tons in 1900. The apparent large decrease in the production of 
crystallized alum results from the method of calculation necessary previous to 
1901, the year in which statistics of production were first collected directly from 
the producers. 

The statistics of the production of alum and aluminum sulphate given in the 
above table previous to 1901 are computed from the consumption of bauxite and 
cryolite in the United States, and the production of aluminum, it being assumed 
that what is not used for aluminum is used for making the sulphates. The 
yield of both American and imported bauxite is well known, and consequently 
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UNITED STATES PRODUCTION AND IMPORTS OF ALUM. 


Production. | Imports. (a) 
Pp Pe Psa ae TIE ee Nn Es MISS, Fo ia SRE SE UES ee a 
Year. Alum, | Aluminum Sulphate. | Total | 
‘Reckoned| Total Short { _ Per 
|as Alum.| Value. | Tons. Value. | Ton 


Short | Walna: | Per Short Walia: | Per 


Tons. Ton. Tons. Ton, [Sh. Tons. 


1897..| 15,456 $463,680 | $30°00 | 46,355 | $1,158,875) $25°00 79,600 | $1,622,555 2,373|$78,883 | $33°24 
1898..) 13,791 563,730 30°00 | 56,663 1,416,675) = 25°00 97,302 1,980,405) (6) 893} 16,187 18°13 
1899..| 27,276 845,556 31°00 | 81,805 2,106,479} 9 25°75 127,430 2,952,035} (b) 858] 14,953 17°49 
1900..} 20,531 615,930 30°00 | 61,678 1,480,272] 24°00 105,743 2,096,202! (b) 1,169} 22,283 19°07 
1901.. 7.775 233,250 30°00 | 74,721 1,793,304] 24°00 | atrareciess ark 2,926,554) (b) 1,091] 20,781 19°05 

i 


(a) Includes alumina, alum, alum cake, aluminum sulphate, aluiminous cake, and alum in crystals or ground. 
(b) There was also imported in 1898, 1,205 short tons ($76,884) of aluminum hydrate, or refined bauxite, in 1899, 
1,926 short tons ($119,202), in 1900, 2,207 short tons ($148,332), and in 1901, 1,986 short tons ($146,462). 


this is an accurate method of determining the production in so far as it 1s ex- 
pressed in terms of crystallized alum. The division into crystallized alum and 
aluminum sulphate is estimated, and consequently is only approximate. How- 
ever, since it is apt to be misleading to report ihe entire production as crystallized 
alum, of which really only a comparatively small amount is made, the statistics 
for 1897 to 1900 have been reported in the modified form. Any apparent dis- 
crepancy is thus accounted for. The following companies produced one or both 
of these salts during 1901: The General Chemical Co., The Pennsylvania Salt 
Co., Harrison Brothers, Charles Lenig & Co., The Erie Chemical Co., The 
Cochrane Chemical Co., The Merrimac Chemical Co., and The Detroit Chemical 
Co. The production of alum shale in the United Kingdom in 1900 was 1,308 
long tons (£164), as compared with 5,820 long tons (£728) in 1899. 

Market Conditions—New York prices of alum during 1901 were $1-65@$1°75 
per 100 lb. for lump, $1-85 ground, and $2°50@$3 powdered. Aluminum 
sulphate, owing to competition, was unsteady at $1:15@$1°25 per 100 lb. for 
the commercial quality, and $1:50@$2 for the purest quality. 

NaruraLt Atum.—The Alum Co., at Bullahdelah, New South Wales, during 
1900 shipped 1,915 long tons of alunite (£5,745) to the United Alkali Co.’s 
works at Runcorn, near Liverpool, England, as compared with 921 long tons 
(£2,763) in 1899. ; 


AMMONIA AND AMMONIUM SULPHATE. 


Tue production of ammonia (reported as its equivalent sulphate salt) and 
ammonium sulphate by by-product coke oven plants in the United States during » 
1901 is estimated at 66,000 short tons, and for 1900, at 63,800 short tons, 
which shows the active development of this industry due chiefly to the increase 
in the number of by-product coke ovens now in operation. The manufacture of 
ammonia and ammonium sulphate in the United States and in Europe during 
recent years is discussed in complete detail in the paper by Dr. F. Schniewind, 
on “The Manufacture of Coke, with Especial Reference to the Markets for By- 
products,” which is given elsewhere in this volume. 

The imports of ammonium sulphate into the United States for the past five 
years are given in the tables of imports and exports at the end of this volume. 

According to the annual report of the Chief Inspector of Alkali Works, etc., 
for the United Kingdom, the production of ammonium sulphate during 1901 
amounted to 220,000 long tons, as compared with 210,000 long tons in 1900. 
The details of production are given in the subjoined table :— 


PRODUCTION OF AMMONIUM SULPHATE IN THE UNITED KINGDOM. (IN TONS OF 
2,240 LB.) 


1898. 1899. 1900. 1901. 1898. 1899. 1900. |1901. (a) 


Gas works 129,590 136,529] 138,000) 148,500)|Coke works.......... 11,568) 15,209} 15,000) 19,000 


Tron works 18,000} 17,963] 18,000) 16,000 
Shale works 37,264| 38,780} 39,000 hag Total 196,357) 208,481/6210,000| 220,000 


(a) Estimated. (b) Of this amount England furnished 134,000 tons, Scotland 73,000 tons, and Ireland 3,000 tons. 


The world’s production of ammonium sulphate during 1901 exceeded 523,000 


metric tons, valued at $26,673,000. Of this quantity, Germany contributed 
130,000 tons and France 38,000 tons. The product is used mainly in the manu- 
facture of fertilizers. In Germany there are 4,245 Otto-Hoffman coke ovens 
for the saving of by-products. 

Average price per 100 Ib. of gas liquor ammonium sulphate, basis 25%, in 
New York in 1899, 1900 and 1901, was as follows :— 


Year. Jan. | Feb. | Mar. |April.| May. | June.| July.} Aug. } Sept.| Oct. | Nov. } Dec. | Average. 


1899. ccccceceeveesseee $2°7161 $2663) $2667) $2°810 $2975 $3°337 $3190 3-111 $3065) $2975] $2°850) $2995 
9-925] 2:956) 3:081| 2°981| 2°887] 2°840] 2°725) 2°825] 2°755] 2°750) 2°75) 2°77 
2°788] 2°801| 2°813| 2°700] 2°731| 2°750| 2-721] 2°745| 2-769] 2°819} 2°820] 2-794 


ANTIMONY. 


THERE was no material change in the antimony industry in the United States 
during 1901 except the very large decrease in the imports of ore due to over- 
importation in 1900. The control of the production and trade continues to 
remain in the hands of Mathison & Co., of London, with works at Chelsea, Staten 
Island, N. Y., and of the affiliated concern, the Chapman Smelting Co., with 
works at San Francisco. Practically all of the domestic ore smelted is treated 
at the San Francisco works, which refines as well antimony regulus imported 
from Japan. The supply of antimony for domestic consumption as metal or 
as lead alloy is derived from the following sources: (1) hard lead produced as 
a by-product from the smelting or refining of lead ores and bullion of both 
domestic and foreign origin, (2) imported ores or crude antimony, (3) imported 
metal or regulus, and (4) domestic ores. The quantity produced from domestic 
ores during 1901 was 50 tons, which is an insignificant proportion of the total 
domestic consumption. The only ore of commercial value in the United States 
is the mineral stibnite (Sb,8,) which was produced to the extent of a few hun- 
dred tons from mines in California, Idaho, and South Dakota. Many stibnite 
deposits occur in other Western States as well, but on account of the high cost 
of transportation to smelters they cannot be operated at a profit. 

The details of imports, production, and consumption of antimony in the 
United States, from 1897 to 1901, inclusive, are given in the subjoined table. 
There was a small export of 25 tons antimony ore during 1901, valued at $1,536. 


IMPORTS, PRODUCTION, AND CONSUMPTION OF ANTIMONY IN THE UNITED STATES, 


: 5 2 . Con- 
K Imports. Production. sumption 
oO 
a Total In Hard | From Do- From Im-| From Im- Total 
Metal or Regulus. Ores. Value. | Lead. (a) |mestic Ores Ores tb) pee ee Supply. 
Pounds.| Value. | Pounds.|} Value. Short Tons.}Short Tons.}Short Tons.} Short Tons. | Sh. Tons. 
1897) ~1,146,696] $46,955] 5,502,132 $167,373) $214,328 2,217 245 599 1,141 4,202 
1898} 2,025,133} 143,909) 3,725,222) 50,256) 194,165) 2,118 250 870 1,052 4,290 
1899] 3,160,697} 240,988) 3,982,133 7,841) 288,829) 1,586 234 1,041 1,495 4,356 
1900] 3,632,843| 285,749] 6,035,734) 78,581] 364,330) 2.476 151 1,599 1,827 6,053 
1901| 3,640.505| 254,529] 1,731,497| 24,068] 278,597) 2,285 50 364 1,887 4,486 


(a) Estimated at 25% of the total quantity of hard lead produced. (6) Estimated at 40% extraction, from 
average of 52°5% antimony in ore. 


The table given above shows the constantly increasing quantity of antimony 
obtained from foreign ores and regulus, which is due mainly to cheap ocean 
freight rates from foreign countries, where the ores are mined at a low cost. 
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WORLD'S PRODUCTION OF ANTIMONY ORE. (@) (IN METRIC TONS.) 


Austria. ere ae Hungary. | Italy. ae Mexico. (f) 


} | | 
Tons.| Value. | Tons. | Value. | Tons. | Value. | Tons. | VaJue. | Tons. | Tons.| Value. 
905 |. $38,702 | 6,333 | $84,509 | 1,361 | $22,572 | 5,086 | $60,590 827 | 3,231 | $32,093 
864 88,255 | 5,466 | 83,538 | 1,800 | 34,563 | 2,150 | 27,657 348 | 5,873 | 71,885 
679 22,867 | 4,571 | 69,462 | 2,201 | 20,219 | 1,931 43,822 | 1,006 | 5,932 | 98,815 
410 15,244 | 7,592 | 180,498 | 1,965 | 34,205 | 3,791 44,862 712 110,882 | 115,292 
201 7,171 | 7,936 | 115,978 | 2,373 | 37,720 | 7,609 72,468 81 | 2,813 } 23,319 


ces New Zealand.| Portugal. Queensland. | Spain. Turkey. (0) (d)| United States. 


Tons.| Value. |Tons.} Value. /Tons.} Value. |Tons.| Value. |Tons.| Value. Tons. Tons! Value, 
$9,170 | 21 2,250 | 595 | $26,775 54 | $1,385 100 136 

18,060 417 | 28,063 354 6,483 400 

4,580 il. 245 6,736 18 130 2,149 (9g) 

135470 | Wil. | ones 59 2,123 50 1,560 1,173 

12,145 38 554 iL. 30 900 267 


(a) The foreign statistics are derived from the official reports of the several governments; those for the 
United States were collected specially for THz Mrinerau Inpustry. (b) Export figures. (e) Not yet reported. 
(d) Fiscal years. The Turkish statistics are of doubtful accuracy. (e) Mostly crude antimony. (f/f) Export 
figures, values in Mexican dollars. (g) Statistics not collected. 


WORLD’S PRODUCTION OF ANTIMONY METAL. (a) (1N METRIC TONS.) 


Germany. Hungary. (b) Italy. Japan. Servia. pees 
(ad) : 


France and 


Austria. Algeria. 


| 


.|'Tons.| Value. | Tons.| Value. | Tons | Value.|Tons.| Value.| Tons. | Tons.| Value.| Tons.| Value. 
969 |$180,217) 1,326)$156,111) : $59,318) 588 |$72,440) 517 3 |$84,712 
1,083 | 141,857) 1,665) 210,744 f 68,860; 404 | 57,072] 824 138,124 
1,226 | 163,200} 2,711] 302,892 5 | 109,681; 880 | 62,550} 233 163 |$28,782 203,750 
2) 1,499 | 243,840) 3,149} 347,200 139,502) 581 | 87,900) 229 180 | 26,280) 1, 282,004 
1.573 | 246,090] 3,338) 473,750] 838 | 122,400) 1,174 | ee (e) | (c) (c) | 1,750 | 369,915 


(a) From the official reports of the respective countries. (6) Crude antimony and regulus. (c) Not reported. 
(d) Includes manganese. (e) Statistics not yet available. 


Algeria.—The production of antimony in Algeria in 1900 amounted to 180 
tons, valued at $10,470. Of this 106 tons were shipped from the Taya mines to 
Marseilles, the freight rate being £11 4s. per ton, which corresponds to 3s. 10d. 
per unit. The extent of the mining concessions in this province is reported at 
2,632 acres. 

Chile-—The exports of antimony from Antofagasta in 1900 amounted to 302 
long tons, valued at £22,569; there were also exported 877 long tons of antimony 
ore valued at £65,510. 

France-—The principal center of the antimony industry in France is at 
Auvergne, Brioude (Haute-Loire). The smelting works are at Couches (Cantal), 
Blesle, and Biroude, and the ore supply is derived from the mines Licoulne- 
Bessade, Loubelhac, Ouche, and Couches. The ore is very low grade, averaging 
but 7 or 8% antimony, and is roasted in a special furnace to produce the volatile 
antimonous oxide, which is collected in a condensation chamber. The waste 
gases are used again, thus diminishing the loss. The product, consisting of 
Sb,O, with traces only of Sb,O, and Sb,O,, is used in part for the preparation 
of antimony compounds for dyeing purposes, which is exported, amounting in 
value to $80,000 annually, and in part for the production of the so-called “star 
antimony” metal by heating the oxide in a crucible with coal and an alkaline slag. 
The metal gives an analysis of 99°94% Sb. The mines operated by the three 
smelting works produce annually from 3,000 to 4,000 metric tons of antimony ore. 
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Italy.—During 1900 there were 692 metric tons of antimony ore extracted 
from the mines at Meria, Ersa, and Luri, in the Cap Corse district north of 
Bastia. The bulk of the output was obtained from the Meria mines. The ores 
are hand picked and cobbed by women at so low a cost as to preclude even crush- 
ing machinery. The best grade of the product assays 60% metallic antimony. | 

Japan.—In recent years the production of crude antimony in Japan has fallen 
off considerably owing to the competition of the refined product of China. To 
counteract this effect a new refining plant on modern principles has been con- 
structed near Osaka. The output of antimony in Japan is derivéd chiefly from 
the mines at Nara, Ehrme, and Yamaguchi, about 25 miles from Kioto. The 
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THE Worwp’s Propuction or ANTIMONY IN METRIC TONS. 


production of antimony metal during 1900 was 349 metric tons, and the ex- 
ports amounted to 377 metric tons. 

Nova Scotia.—The St. Helens Metal Recovery Co. is erecting a 30-ton plant 
at West Gore, and will purchase ore as low grade as 8% Sb, allowing also for 
%5% of the gold content. The McDougal mine has been intermittently worked 
from 1880 to 1892, when it was closed down. The ore is stibnite associated with 
pyrite, arsenopyrite, and galena, and occasionally with the oxidized antimony 
minerals, valentinite and kermesite. Several analyses of second grade ore showed 
from 1:14 to 41:13% Sb and from $1:50 to $80 gold per ton, the average being 
12% Sb and from $20 to $30 gold per ton. The 3,000 tons of ore shipped pre- 
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viously to 1892 is reported to have averaged 12%. Sb and from 2 to 8 oz. gold 
per ton. Several shafts have been sunk to nearly 200 ft., and 76,000 sq. ft. of 
ground on the vein have been stoped. Formerly only high-grade ore of 50% Sb 
content was shipped. 

Peru.—The exports of crude antimony from Mollendo during 1899 amounted 
to 67 metric tons, which were shipped for the most part to England. 

Servia.—A French company, with offices in Paris, is operating the antimony 
smelting works of Kostajnik, on the Drina river, in the western part of the 
country. Work has been actively carried on for several years, and the annual 
capacity of the works amounts to about 600 metric tons of product. 

Spain.—The San José and the Genara mines, near Villabarcd, in the Caurel 
range of mountains, produced over 40 tons of concentrated antimony sulphide 
during 1900. The ore carries a certain amount of silver, and the mining rights 
cover areas of 162 and 337 acres, respectively. Antimony ore is also found in the 
Caurel mine, in Caurel, and at the Perseverance mine, near Brollon. The 
Biobra group of mines, near Biobra, in Orense, was operated during 1898-99, 
and more than 80 tons of ore were extracted; later the mines were shut down, but 
it is stated that operations are shortly to be resumed by an English company. 

The New York Antimony Market in 1901.—The trade in antimony metal 
during 1901 was rather dull, and the market had a drooping tendency. The year 
opened with Cookson’s selling at 10c.; Hallett’s, 9c.; Hungarian, Italian, and 
U.S. Star, at 8°75c. Prices declined slowly throughout the year, and the closing 
quotations were: Cookson’s, 10c.; Hallett’s, 8@8°25c.; Italian, Hungarian, 
Japanese, and U. 8. Star, 775@8c. These figures are quoted for retail lots; 
larger quantities were sold at a corresponding lower figure. The consumption, 
though satisfactory, showed but little change from last year. Imports of ore 
and the United States production declined markedly, while imports of metal or 
regulus increased to a small extent. ‘There has been a tendency to substitute 
new and cheaper grades of metal for the standard English brands. Stocks at the 
end of the year were comparatively small. 


AVERAGE MONTIILY PRICES OF ANTIMONY IN NEW YORK. (IN CENTS PER POUND. ) 


{ 
Year. Brand, Jan, } Feb. | Mar. April.| May. June.| July. | Aug. | Sept. . | Nov. | Dec. 


Ke 
@ 
‘S) 
5 


8:00 
37 
737 


Cookson’s .. 
Hallett’s.... 


Japanese 
Cookson’s. .....- 
Hallett’s....... os 


eee 


Moe isoiC rl Ss es 
DAMWISSD 
JAIN W DS Hr 
Omwe EB oO 


OOO D~IISW 
WHASS: SUSHHHRAASSe 


Japanese 

Cookson’s ....+0. 
Hallett’s 

U.S. Star.... 
Chapman’s.... 
Hungarian ....... 
Cookson’s ..... oe 
Hallett’s 

U.S. Star..... aes 
Cookson’s ....4+- 
Hallett’s.......6 

i Si GUAT se 0 te 
Hungarian....-+- 
Ttalian sv... eecs| cece 
JAPANESE oecevece|eveeve|> 


QOOSNIAWWH-IRR 
AoOAHOUInwoaowmowce 
WNWNWOAIDWOAGSSOF 
BRS SS BABS 
ODA OL Ot DO 

eg 
AIAHHoOMBH AAG 
SCOOR RF ODoOO 
QOSWHHOH 23-7 
APOWOw»a orien 
WNNHOROHR ORO 


— 
WMS: GID 


MODMMSOOSO) OOSHWMOMO~I~7-3-3 


QE PIII) 
WS Ior 
LBW OONO 


Wwww ew 
OOS AR 


| 


ANTIMONY. 39 


Volumetric Determination of Antimony.—A sample (0°5 to 1 g.) is treated 
with 50 c.c. hot water and 50 ¢.c. strong HCl, and heated at 70°C., 30 to 60. 
minutes. Filter to flask, wash with dilute HCl. Add tartaric acid to filtrate, 
dilute to about 750 ¢.c., heat to 79°C., and precipitate with H,S. Filter, wash 
with H,S water, transfer precipitate to precipitation vessel with the aid of hot 
water. The sulphide is warmed with 50 e.c. strong HCl (avoid boiling) until 
H,S is no longer evolved. The presence of H,S is at once detected, if a little 
cold water be added to the solution, by the reappearance of a precipitate of red 
Sb.8,, the addition in the absence of H,S causing only a slight milkiness, due to 
basic chloride. When all H,S is expelled, the liquid is diluted, the turbidity is 
removed by just sufficient HCl added drop by drop, and the solution titrated with 
potassium permanganate. 


dSbCl,+-16HC1-+-2K Mn0,—5S8bCl,+2KCl+2MnCl,-++8H,0. 


If 5.27 g. of KMn0, be dissolved per liter of solution, 1 ¢.c. will equal 1% Sb 
with 1 g. sample. The end point of reaction is sharply defined. 

Atomic Weight of Antimony.—G. C. Friend and E. F. Smith* have determined 
the atomic weight of antimony by passing dry hydrochloric acid gas over 3 g. 
purified potassium antimony] tartrate contained in a protected porcelain crucible, 
which, after half an hour, was heated to redness. The results were remarkably 
concordant, and: averaged 120°353, hydrogen being taken as 1. 

Alloys——Henry Fay and Harrison Everett Ashley (a paper read before the 
American Institute of Mining Engineers, November, 1901) suggest that on ac- 
count of the close similarity of the physical properties of tellurium and antimony 
the former might replace antimony in some of its alloys. The effect of small 
quantities of antimony on malleable metals, such as copper and gold, renders them 
hard and brittle, but on lead it imparts the necessary hardness for type metal. 
With tin it produces valuable alloys, as Britannia metal, and with tin, zinc and 
copper it forms Babbitt metal for anti-friction bearings. The eutectic mixture of 
lead and antimony (12% Sb) resists the corrosive action of sulphuric acid, and is 
used for lining the lead chambers for the manufacture of that acid. 

In like manner, tellurium hardens other metals, particularly lead alloys. The 
freezing temperature of the alloy, Sb,Te, (38°63% Sb and 61:°37% Te) yielded 
the maximum of 629°C.; the freezing points of the two components being anti- 
mony, 624°C. and tellurium, 446°C. 


1 Journal of the American Chemical Society, July, 1901, p. 502. 


ARSENIC. 


THE two most important features of the arsenic industry during 1901 were the 
production of 300 short tons of arsenious oxide by the Puget Sound Reduction Co., 
at Seattle, Wash., and the decision to close the Devon Great Consols mine, near 
Tavistock, which has been the chief arsenic producer in England for many years. 
The main supply of arsenic in the world previous to 1901 was derived almost en- 
tirely from the mines in England and Germany. The development of the in- 
dustry in Canada, which produced 695 short tons in 1901, and the inception of 
the industry in the United States, as mentioned above, are significant factors in 
forecasting the future for this branch of the mineral industry. 

The consumption of arsenic and arsenical compounds in the United States is 
indicated by the imports of white arsenic (arsenious oxide, metallic arsenic, and 
arsenic sulphides in recent years, which are reported in total values as follows: 
1896, 5,813,387 Ib. ($215,281) ; 1897, 7,242,004 lb. ($352,284) ; 1898, 8,686,- 
681 Ib. ($370,347) ; 1899, 9,040,871 lb. ($386,791) ; 1900, 5,765,559 Ib. ($265,- 
500) ; and 1901, 6,989,668 Ib. ($316,525). 

THE WORLD’S PRODUCTION OF ARSENIC. (a) (IN METRIC TONS.) 
Germany. 


Year.| Canada. Italy. (c) Japan. Spain. (d) 
Prussia. Saxony. (b) 


United 
Kingdom. (e) 


Tons.|Value|Tons.} Value. |Tons.} Value. {Tons.} Value. Tons. |Tons.} Value. |Tons.} Value. 
1896...| Nil. 1,750 | $130,539 882 | $90,626 820 $24,400 Pate} 271 $27,100 | 3,674 
1897... il. 1,924 148,775 | 1,063 152,122 200 18,600 13 244 29,256 | 4,222 
1898...| Nil. 1,624] 121,818 | 1,053) 181,710 215 15,700 @ 111 13,320 | 4,241 
1899...] 52 |$4,842] 1,469} 128,678 958 | 188,572 804 26.483 5 101 12,156 | 3,890 
1900...| 275 22,725) 1,585 | 188,663 829 | 124,587 126 12,098 5 150 18,086 | 4,148 


(a) From official reports of the respective countries. (6) Arsenious acid. (c) Metallic arsenic and arseni- 
ous acid. (d) Arsenic sulphide. (e) Arsenious acid. 


Market Conditions.—The price for white arsenic at New York varied during 
1901 from 4-5c. per Ib. in January to 3°5c. in December, the monthly average 
for the year being 3:92c. Red arsenic from Germany was quoted at 7@?25ce. 
per Ib. in January and February, and at 7c. for the balance of the year, averaging 
throughout 7:04c. per Ib. at New York. Pure Paris green in bulk sold at 
12@12-5e. per Ib. 
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Canada.—The production of arsenious oxide in Canada during 1901 was 695 
short tons, valued at $41,676, as compared with 303 short tons, valued at $22,725 
in 1900. The entire production was made by the Canadian Gold Fields, Ltd., 
at Deloro, Ont., in connection with the treatment of arsenical gold ores by the 
bromo-cyanogen process. The concentrates, after the extraction of the gold con- 
tained in them, are passed through a cylindrical washer and the arsenical fumes 
condensed in suitable chambers. The collected fumes are refined in a reverbera- 
tory furnace of special design and the resultant arsenious oxide fumes are con- 
densed and collected in a second set of chambers, yielding a product containing 
99-4% As,O, of pure white color. Practically all of the arsenious oxide produced 
at the Deloro works is sold in New York. Despite the claim that Canada can. 
produce arsenic at a lower cost than any other country, the Dominion and Pro- 
vincial Governments have agreed to give a bounty of $200,000 to aid the industry, 
and it is fair to assume that the production during 1902 will be greatly stimu- 
lated. 

Apart from the arsenic and arsenical ores occurring in the United States, there 
are several chemical and metallurgical by-products rich in arsenic—as speiss from 
the lead smelters and precipitated arsenic sulphide produced in the purification 
of sulphur dioxide gas, used in the manufacture of sulphuric acid—which should 
be utilized in some way to replace the large quantities of arsenic compounds that 
are imported annually from Europe and Canada. 

Portugal.—Arsenious oxide has been produced from arsenic ores of the Pintor 
mine, Oliveira, in the district of Aveiro, in the following quantities: 1898, 
751 metric tons ($65,000) ; 1899, 1,082 metric tons ($56,657) ; 1900, 1,000 
metric tons ($71,280) ; and 1901, 1,010 metric tons ($72,350). There is a small 
importation of arsenic from Germany, which is sold at $35@$40 per ton. 

Spain.—The San Miguel mine, near Bustarviejo, in the Province of Madrid, 
has lately been sold to Don Lorenzo Lulle. This property includes a large 
deposit. of arsenical pyrites which was worked long ago as a silver mine, but 
subsequently abandoned; later an English company operated it for a time and 
produced commercial arsenic, but the venture did not prove profitable. With 
the recent increase in the demand for arsenic and in the price of the metal, it is 
believed that the property can be operated profitably. The arsenical gold pyrites 
of the Corunna district average about 20% arsenic and from 10 to 16 dwt. of 
gold per ton. This property is now being examined for Cornwall capitalists 
largely interested in the arsenic trade, and the results promise to be of satisfactory 
nature, as both the gold and the arsenic can be regained. The Métallurgique 
Hispano-Belge Co. has been recently formed with a capital of $200,000 to 
operate the auriferous arsenical pyrites deposits near the town of Ferrol, San 
Vicente de Meirds; the Josefina and Josefina II. mining concessions comprise 
in all an area of more than 600 acres. A smelting plant has been erected at 
Badalona, 4 miles from Barcelona, to treat arsenic, lead and copper ores of the 
district. A separate department is devoted to the treatment of 30 tons of arsen- 
ical ore daily. The ore assays 45% As, and from 0°5 to 0°8 oz. gold per ton; 
galena also occurs in veins containing 538% Pb, 60 oz. silver, and 0°6 oz. gold 
per ton. 
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United Kingdom.—The Great Devon Consols mine, near Tavistock, which 
has been the chief producer of arsenic in England for many years, is being 
closed. The mine has been worked continuously at least since 1844, and the 
company has distributed dividends equal in the aggregate to nearly twenty-five 
times the amount of capitalization. The reasons given for closing the mine are 
the low price of arsenic and the refusal of the ground landlord to renew the 
lease. 

Electric Furnace Treatment of Arsenical Pyrites.1—The Arsenical Ore Re- 
duction Co., of Newark, N. J., has been experimenting with the Westman 
furnace for the electric reduction of arsenic from mispickel ores. The th leory of 
the process is to subject the ore, a sulpho-arsenide of iron (FeS,, FeAs) to 
the heat of the furnace in an atmosphere of nitrogen. The doempaaon under 
these conditions causes the iron to form a fusible mono-sulphide (FeS), which 
is removed as molten matte while the arsenic is distilled and condensed as a fine 
powder. The furnace is charged through an air-tight hopper at the top, and 
the nitrogen and arsenic gases are made to circulate by means of a small fan 
alternately through two sets of condensers, one at each end of the furnace, thus 
avoiding the excess heating which would result if one set only were used. An 
alternating current is passed through two iron electrodes to the matte, which, 
when molten, is a fairly good conductor. Carl Hering, from his experiments 
with this furnace, estimates that the cost of producing arsenic at Niagara Falls, 
N. Y. (electric energy at $20 per kilowatt year) from mispickel ore containing 
46% As, would be less than 25c. per hundredweight. 

Analytical Determination of Arsenic.—S. Avery and H. T. Beans? determine 
soluble arsenious oxide in Paris green by digesting for five minutes over an open 
flame 1 g. of the sample with 25 c.c. of sodium acetate solution containing’ 
12-5 g. of the crystallized salt; the cooled solution is diluted to 100 e.c., half 
of which is filtered off and titrated with standard iodine in the usual way. The 
study of' the action of carbonic acid on Paris green suspended in water showed 
that the usually accepted maximum amount of arsenious oxide (4%) _per- 
missible in Paris green to be used for spraying purposes is a false guide ag by 
hydrolysis and the action of carbonic acid, much of the arsenic in the Paris 
green is converted into the soluble canditon a fact that explains many of the 
irregularities observed in the action of Paris green on foliage, as weather condi- 
tions might have favored the formation of free arsenic trioxide from a com- 
paratively pure sample of Paris green. 

Electrolytic Process for Making Paris Green.—Richard Franchot, of Niagara 
Falls, has patented a process® for the manufacture of Paris green by electrolyzing 
with a copper anode a solution of calcium acetate and arsenious acid. 


1 Electrochemist and Electrometallurgist, October, 1901. 
2 Journal of the American Chemical Society, February, 1901. 
3 United States Patent No. 698,696 of 


ASBESTOS. 


THERE was a considerable decrease in the production of asbestos in the United 
States during 1901 from the previous year, the output being 747 short tons, 
valued at $13,498, as compared with 1,100 short tons, valued at $16,500 in 1900. 
The value of the product during 1901 is reported at 20% increase above the 
price for 1900. Practically the entire output was derived from the mines of 
the Sall Mountain Asbestos Co., at Sall Mountain, White County, Ga., there being 
but a very small quantity produced by the Berkshire Tale Mining Co., at Hins- 
dale, Berkshire County, Mass., and by the Pacific Asbestos Co., at Riverside 
County, Cal. Deposits of asbestos of the chrysotile variety have been reported 
near Grants Pass, Ore., west of Sims Station, Cal.; near North Wilkesboro, 
N. C., and near Toccoa, Ga. In Wyoming, the McConnell Asbestos Co., of 
Pitsburg, Pa., is actively engaged in developing its mines. The H. W. Johns 
Manufacturing Co., of New York, and the Mannville Covering Co., of Milwaukee, 
Wis., consolidated their interests on January 1, 1902, under the name of the 
EB, W. Johns-Mannville Co., with a capitalization of $3,000,000. The new 
company is constructing a plant at Milwaukee for the manufacture of mineral 
wool and calcined magnesite for special use as non-conducting coverings for 
boilers, steam pipes, etc. 

The price for erude asbestos in the United States during 1901 showed 4 
marked advance from the average price of the preceding year, which was due 
to the control of the market having been acquired by one manufacturing com- 
pany in the United States. 


PRODUCTION AND IMPORTS OF ASBESTOS IN THE UNITED STATES. 


Production. Imports. 
— me Tons. | Metric Tons Value Value per Manufac- | Unmanufac- 

Ns ; ; rene Metric Ton. tured. tured. Total. 
1607 aah 840 762 $12.950 $16°99 $10.570 $264,220 $274,790 
1SOB acess 885 808 13,425 16°72 12,899 237,636 “300,535 
1600, ean 912 827 13,860 16°76 8,949 308,119 312,068 
$000, 3 ys cs 1,100 998 16,500 16°54 24,155 331,796 355,951 
1901 oes ete 747 678 13,498 19°91 24,741 667,087 691,828 


PRODUCTION OF ASBESTOS IN THE WORLD. (@) (IN METRIC TONS.) 


Canada. Cape Colony.(c) Italy. Russia. United States. 
Year. Ps ae fs na 

Tons. | Value. | Tons. | Value.}| Tons. | Value. } Tons. | Value.| Tons. } Value. 
TRO as ccicre crs oeertnatenaretevere stares 27,617 | $445,368 47 $490 106 $5,240 1,022 1$37,444 762 $12,950 
ROR eer tele celefessi ots 21,577 486,227 161 10,185, 131 9,000 1,665 | 60,600 803 13,425 
TROQ rue ctrer aetetereier et 22,938 483,299 (ONS Tees. 81 7,264 2,698 | 97,342 827 13,860 
NOOO srs sevsnins rok sitorsiabaicveterereioves ere 27,797 748,431 157 12,785 COVES eens (a) tel eaneapin 998 16,500 
NOOUE Se ar hiccrcrcsater oars ais, oroteig ote 84,554 | 1,186,434 (Deo Reescrn (Dyan (Ga esl lechonobe 678 13,498 


(a) From official reports of the respective countries. (6b) Not stated in the reports. (c) Exports. 
(d) Statistics not yet available. 
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A comparison of the output of the United States with the quantity of asbestos 
reported shows the very small proportion of the domestic consumption that is 
derived from domestic sources. The active developments of asbestos mines in 
the United States during 1902, notably at Eden and Lowell, Vt., and at Caspar, 
Natrona County, Wyo., will reduce considerably the ratio of the imported mineral 
product. In Vermont there are four companies engaged in developing asbestos 
mines: the New England Asbestos Mining & Milling Co., the National Mining 
& Development Co., the Tucker Asbestos Co., and the Vermont Asbestos Oo. 
The first named concern has made the most progress, and it is reported by Dr. 
Joseph Hyde Pratt to have 20,000 tons of asbestos rock on the dumps ready for 
milling. 

The name asbestos is given to the fibrous variety of the minerals amphibole, a 
calcium and magnesium silicate, and serpentine (chrysotile) , a hydrous magnesian 
silicate. The fibers of the latter, though shorter, are up to 2 in. in length, and 
are superior in strength and elasticity, consequently the field for its use is much 
larger. The fibers of the amphibole variety are sometimes 3 ft. in length. 
Practically all of the chrysotile variety consumed in the United States and 
Europe is obtained from the noted deposits at Black Lake and Thetford, Sher- 
brooke County, Ontario, Canada. 

The chief use for asbestos is as a. non-conductor of heat for boiler covering ; 
fireproof paints for wall plaster; packing for fireproof safes, etc. When 
non-conductivity of heat and not strength of fiber is required the amphibole 
variety can be used, but when strength of fiber also is essential, as in the manu- 
facture of cloth felt board, rope blocks, etc., the chrysotile variety is used. 
Recently asbestos has been used in the manufacture of fireproof bricks, and 
tests made by the British Fire Prevention Committee (Stone, February, 1901) 
on “gypsine,” a fireproof material composed of hydraulic lime, sand, and as- 
bestos pressed into bricks, showed remarkably good results. One side of a 9-in. 
partition of gypsine bricks set in hydraulic mortar and lightly coated with a 
layer of fire clay, was submitted for an hour to a temperature which rose to 
2,050°F. The material was in no way affected, and the temperature of the outer 
surface was never sufficiently high to ignite a match held against it. 

Canada.—The production of asbestos in Canada during 1901 showed a very 
large increase over the figures for 1900, both in quantity and value, being 38,097 
short tons, valued at $1,186,434, as compared with 29,141 short tons valued at 
$748,431 in 1900. The variation in the average value per ton is due to the 
large quantity of asbestic and low-grade fiber that is included in the total output. 
Of the total production of asbestos in Canada during 1901, the following quanti- 
ties expressed in short tons were exported: 18,117 to the United States, 3,324 
to the United Kingdom, 2,235 to Germany, 2,221 to Belgium, 240 to France, and 
588 to other countries; making a total of 26,715 short tons, which is equal to 
81% of the total output. 


ASPHALTUM. 


Unper this heading are included all mineral bituminous products embracing 
as well that portion of the residuum from the refining of petroleum which is 
sold and used as asphaltum. 


PRODUCTION OF ASPHALTUM AND BITUMINOUS ROCK IN THE UNITED STATES. 
(IN TONS OF 2,000 LB.) 


| 1899. 1900. | 1901. 
States. Pon ae 
r Per 
Tons. Value. | Ton. Tons. | Value. Ton Tons. | Value. Ton. 

Bituminous sandstone : ee 

@BIIROLNI As sais ectcleistecis’s a 40,321 | a $116,097 2°70 |a@25,355 }a$101,420 $4°30 | 24,306] $77,661 $3°15 

KOMUUCKY: = aateisicin cies s = 4 1,783 7,182 4°00 8,922 37,472 4°20 8,942 56,610 6°33 

EbeGbtyiud Vo) ae hoy a georess al aaoacunan pan cnencncob |snces si olioesn choca] ha icoonooelibanacacs 1,000 4,330 4°33 

MOUAL necktie sce es 42,104 $123,229 | $2°75 | 34,277 | $188,892 | $4°05 | 34,248 | $188,601 | $4°05 

Asphaltic limestone: 

Witalisiscsiase es cerclneninns 250 1,250 5:00 2,550 12,750 B00! BINGE aliens say aieie slasher es 

Indian Territory........ 10,128 53,172 5°25 1,360 4,080 3°00 2,970 15,875 5°20 

IOI teen cnr peeeicic make ees ckataee ail fare eben ietecta trai eiovelertere: Shefere|lbet siaceratenand |joce alaiahevelal liasersvaarons, etoten| ie aianebia 4,000 18,000 4°50 

MOtAIE* wre celsivesisi-« 0's’ 10,378 $54,422 | $5°24 3,910 $16,830 | $4°30 6,970 | $83,875 | $4:79 

Asphaltum: . 

California ...... ae ceine a 15,060 a 308,139 | 20°46 |d@11,140 218,520 | 19°62 |b 19,988} 816,559 | 15°83 

Indiana Perit rye ce ons ste [erie cucu Ne |eocie a eleyerorel orell esa sv evetpyal| sus" ove-ale meetin ie trate mierateqeilinvparrceotere 98 1,000 |} 10°20 

WUD TPS praise aca hiate ark ea saaiserelllctetaveiaber ann stilt stalareintal OPotever'enllolsl eve ze\etoteilis\ ajloleln!erarouflevete iaveretaveveie:|ia:slecaverale's 330 19,800 60°00 
Gilsonite: 

Uta 2A ioe sn Sa 8,150 97,650 | 31°00 3,279 98,370 } 80°00 ' c 1,500 46,000 | 30°67 


(a) Statistics of the California State Mineralogist. (6) Includes 1,000 tons of liquid asphaltum valued at 
$49,850. (c) Estimated. (d) Includes production in Indian Territory. 


The production of bituminous sandstone in the United States during 1901 
was practically the same as in 1900, the quantity and value being 34,248 short 
tons ($138,601), as compared with 34,277 short tons ($138,892) in 1900. 
Practically the entire output was produced from California. The quantity of bitu- 
minous limestone produced in 1901, from the deposits of Indian Territory and 
Texas, amounted to 6,970 short tons, valued at $33,375, as compared with 3,910 
short tons, valued at $16,830 in 1900, showing a very large increase. The 
production of asphaltum in California during 1901, including 1,000 tons of 
the liquid product valued at $49,850, was 19,988 short tons ($316,559), as 
compared with 11,140 short tons ($218,520) in 1900. The quantity of gilsonite 
produced in 1901 is estimated at 1,500 short tons, valued at $46,000, as compared 
with 3,279 short tons, valued at $98,370 in 1900. 
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The National Asphalt Co., which was incorporated in 1900 with a capitaliza- 
tion of $22,000,000, divided into 200,000 $50 shares of 6% cumulative preferred 
stock and 240,000 $50 shares of common stock, was declared insolvent December 
28, 1901, and was placed in the hands of receivers. The chief cause assigned 
for the failure of the combination was the keen competition with which the 
subordinate companies had to contend, and which left them unable to pay 
dividends upon their stock, nearly all of which is held by the National Asphalt 
Co. It is reported that the company will be reorganized on a basis of $25,000,000 
stock, of which $15,000,000 is to be preferred and $10,000,000 common. 

An interesting note on the use of asphaltum for pavement is the utilization 
of fine stamp mill tailings from the treatment of copper ore at Lake Superior 
as a constituent for the paving mixture, which consists of 70% sand tailings, 
15% limestone, and 15% asphaltum cement. One pavement company reports 
the use of 15,000 long tons of the material in 1900, and 20,000 long tons in 1901. 

The development of the asphaltum industry in the United States is well set 
forth in the paper on “The History of the Asphaltum Industry,” given later in 
this section. 


THE WORLD'S PRODUCTION OF ASPHALTUM AND ASPHALTIC ROCK. (a) (IN 
METRIC TONS.) 


Austria. sade! Nag Germany|Hungary.| Italy. | Russia. Span 
j Trinidad. 
Asph. Asph. 


i - Asphal- | Asphal- | Asph. | Asphalt. Asph. e 
Rock. Asphaltum cise as tum. tum, Rock. (c) Asphaltum Bock: M2 


390 17,717 34,394 61,552 45,456 22,192 1,285 1,117 100,400 
300 7,982 80,946 61,645 55,339 22,222 1,878 1,656 133,310 
643 18,832 36,000 67,649 ; 93,750 12,018 2,354 2,354 108,792 
2,635 22,100 39,000 74,770 5 81,987 | 23,081 2,646 2,542 144,340 
887 24,400 36,800 89,685 101,738 (d) 2,381 | 4,193 161,299 


United States. Venecin (a) From the official reports of the respective countries, except where 


eer y | cers | ((Bermus noted to the contrary. The production of gilsonite in the United 
Asphal-| Asphal- dez) States and Manjak in Barbadoes is not included (b) France produces a 
tum, | tic Rock. (e) large amount of bituminous shales, used for distilling oil, which is not 

(f) (g) included in these statistics. (c) The statistics for 1896 are official returns 

—_——_. —————_ |_|] furnished by the Department of Mines, St. Petersburg, to C. Le Neve Fos- 
ter for his Blue Book on Colonial and Foreign Statistics for 1897. (d) 

1896.... 18,519 39,531 6,197 Not yet reported. (e) Exports (crude equivalent) reported by The New 
1897....) 24,854 | 45,233 11,528 Trinidad Lake Asphalt Co. (f) Statistics reported by the California 
188. tice ip ue es ahi h State Mineralogist, practically the entire American product being de- 

JI veces 5 A 9 7 * Jali mia. Statistic | ire , f; . 

1900....| 8'326 | 41’029 | 17°981 rived from California. (g) Statistics based on direct reports from the 


producers, including asphaltic limestone and sandstone. 


Notx.—There is a considerable production of asphaltic stone in Switzerland of which no account is taken in 
the above table, the Swiss Government not publishing any mineral statistics. 


ASPHALTUM IN FOREIGN COUNTRIES. 


Cuba.—The following brief summary of the asphalt deposits of Cuba has 
been largely obtained from an article in the Hngineering and Mining Journal, 
“March 8, 1902, entitled “Bitumen in Cuba,” by T. Wayland Vaughan. The de- 
posits of asphalt generally occur as veins, pockets or exudations in the form 
of springs, usually in serpentine rock, but occasionally in limestone. None of 
the material is now found in its original rock, and it is not at present possible 
to state from what rock this material has been derived. Bituminous substances, 
asphalt and mineral tar are found in every province, and the material is generally 
suitable for use as varnish or as insulating material. Most of the deposits, how- 
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ever, contain too much asphaltene for use in paving or roofing. While some of 
the deposits contain large amounts of petrolene, whether or not it is in stable 
chemical combination has not been definitely determined. It has been suggested 
that the glance pitches containing large proportions of asphaltene might be 
mixed with maltha containing a large proportion of petrolene and so make a 
material suitable for paving. - 

Province of Pinar del Rio.—The Santa Helena deposit, at Bahia Honda, is said 
to be of great purity and abundance, and extensive deposits are reported in the 
Vuelta Abajo district. The Rodas Concepcion and Magdalena mines, at the 
head of the Bay of Mariel, operated for a number of years, have produced from . 
1,000 to 1,300 tons annually, all of which has been consumed for fuel or for 
gas making on the estate of the owner, Don Ramon Balsinde. The deposits are 
about 36 ft. thick for over 100 ft. in length. A deposit of asphaltum about 
one mile south of Maricl Bay, which has been quarried to a depth of 50 ft., 
is a brownish, impure, solid asphalt. Near Banes, between Mariel and Habanas, 
the San José and Constancia mines have not been worked extensively. 

Province of Havana.—The Casualidad asphalt mine is situated 6 miles from 
Guanabacoa, 9 miles east of Havana, and 2 miles south of the sea. The asphalt 
occurs in serpentines, diorites, and euphotides, accompanied by veins of quartz 
and chalcedony, and often copper. The outcrop is traceable for a distance of 
from 600 to 900 ft. At the surface, the vein was about 1 ft. thick, while at 
30 ft. depth it is 9 ft. thick. An analysis shows: Carbon, 34:°97% ; volatile 
matter, 63% ; ashes or cinder, 203%. Specific gravity in three different speci- 
mens, 1:142, 1°189, 1-197; streak, dark; powder, brown. The property has not 
been worked to any great extent and the demand for its products appears to have 
been limited. The Prosperidad, 6 miles from Havana, on the road to Taposte, 
has been explored to a depth of 144 ft. by two shafts, and numerous galleries 
show a horizontal extent of 180 ft. Four other mines near Havana have been 
worked some years ago, but scarcely more than 600 tons of material were recovered 
from. them. The only mine in the province which is now being operated is the 
Angela Elmira, located about 5 miles from Bejucal and owned by the West Indies 
Co., of New York City. The mine was reopened in the latter part of 1900, and 
regular shipments were made during 1901 to various parts of the United States. 
The asphalt is hard, occurs in a good sized body in limestone, and carries from 
70 to 72% of bitumen. The full analysis made by Dr. L. Saarbach is: Moisture 
and volatile at 60°C., 2'4%; petrolene, 346%; asphaltene, 381% ; non-bitu- 
minous organic matter, 5°4% ; silica, 10°2% ; iron and alumina oxides, 4°97: ; 
lime, 1:7%; magnesia, 0-2% ; sulphur, in mineral combination, 274%; 
alkalies and undetermined, 0°1%. 

Province of Matanzas.—About 10 miles northwest of Matanzas, asphalt exudes 
from small fissures in serpentine on a contact with hard blue limestone, the ser- 
pentine forming the hill and the limestone lying on its flank. The deposit has 
not been developed to any great extent. Another occurrence of asphalt is reported 
near Guamacaro, between Limonar and Cardenas, in Cardenas Bay. There 
are four asphalt deposits of two grades. The one in the western portion of the 
bay has been worked for 21 years, and produces a very fine grade of asphalt, which 
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is used in the United States for the manufacture of varnish, and commands 
from $80 to $125 per ton of 2,240 lb., delivered in New York City. About 
1-5 tons are obtained daily by means of submarine work.. A lighter being moored 
over the 125-ft. shaft, a long pointed iron bar manipulated by a winch is dropped 
into the shaft repeatedly until a sufficient quantity of the asphalt has been broken, 
when a diver is sent down to fill a basket with the material thus acquired. The 
three other mines yield asphalt of a lower grade, suitable for roofing or paving 
purposes only. No. 4 mine, situated near Diana Cay, 15 miles from Cardenas, 
is called the Constancia, and about 20,000 tons have been taken from it during 
the 20 years of its operation, without any apparent exhaustion of the deposit, 
which is inclosed within a circle of about 150 ft. diameter. As the depth of 
water is but 12 ft. about 30 tons per day is obtainable using primitive methods 
only. Near Sabanillo de la Palma, 30 miles east of Cardenas, a thick mineral 
tar oozes into a well sunk into serpentine rock for about 80 ft. in depth. The 
material is recovered by hand windlass and bucket at the rate of about 20 bbl. 
per day. Two other tar wells are close at hand and about 1 mile southwest is 
another area of natural tar springs, one of which has been explored to a depth 
of 60 ft. One of these wells fired during the last insurrection, burned for four 
months before it was put out by a heavy rain, and the ground for about 80 ft. 
about this hole is at present covered with coke. Another tar hole occurs near the 
Santa Catalina plantation, about 5 miles from the northern coast. 

Province of Santa Clara—The Santa Eloisa asphalt mine, near Loma Cruz, 
about 9 miles northeast of Santa Clara, is a deposit, about 20 m. deep, by 40 m. 
wide of unproved length, which exists in a cavity in serpentine rock. The ma- 
terial is a hard glance pitch, and is used in Santa Clara for the manufacture of 
gas. ‘The following analysis, made by Mr. Frederick P. Dewey, is unfortunately 
not expressed in terms of asphaltene or petrolene, although the volatile matter 
may be reckoned as petrolene, and the fixed carbon as asphaltene: Moisture, 
128% ; volatile matter, 45°-43% ; fixed carbon, 31-75% ; ash, 21°54%. Several 
deposits of more or less liquid asphaltum exist in the vicinity of Camajuani, 
about 18 miles from Santa Clara, and a deposit of solid asphaltum is known near 
the Sagua river, about 3 miles from Ranchuelo. Three other deposits are reported 
in the province. 

Province of Puerto Principe.—Both asphaltum and mineral tar have been 
mined to a limited extent in this province. The present cost of getting the 
asphalt from the mines to El Estero, Rea, is estimated to be about $13 per ton. 

Province of Santiago.—A deposit of solid asphalt, a glance pitch, exists near 
Puerto Padre, but little or no work has been done to develop it. 

termany.—The production of asphalt in Germany during 1901 was 90,193 
metric tons, as compared with 89,685 metric tons in 1900. 

Italy.—ltaly exported 21,856 metric tons of asphalt during 1901, a decrease 
of 2,431 metric tons from the export of 24,287 metric tons in 1900. 

Madagascar.—Samples of liquid asphalt have been sent to the French colonial 
office by General Galliene from Ambodiriana, near Ankely Marobaola. The 
deposit is of very limited extent. 

Mexico.—According to Allejandro Prieto, in his History of Tamaulipas, large 
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quantities of asphaltum occur in the State along the interior margins of the 
Laguna Madre, Morales, and in the vicinity of Sota La Marina. In some asphal- 
tum beds (chapopote) the asphalt is of a dark chocolate character and in a some- 
what liquid form, while in others it is an ebony-black color in a compact, solid 
form, resembling coal. The surface appearance of these deposits indicates the 
presence of petroleum also. 

Trinidad and Tobago.—The exports of asphalt from the Island of Trinidad 
are given in the following table, for which we are indebted to the courtesy of 
Mr. Ira Atkinson, treasurer of the New Trinidad Lake Asphalt Co., Ltd. Seven- 
eighths of the asphalt exported is dug from Pitch Lake, which is leased to the 
company for a term, of which 28 years have yet to run. Despite the removal 
of 1,720,000 long tons of asphalt during the past 34 years, there has apparently 
been very little impression made on the Pitch Lake deposit. The greater bulk 
of the exports is made by the New Trinidad Lake Asphalt Co., although some 
30,000 tons are annually handled by smaller shippers from lands outside the 
lake. The lake contains no liquid asphalt, but in other parts of the island this 
variety, from which illuminating and lubricating oils can be distilled, is found 
widely distributed. Glance pitch, also found in the island, is used for electric 
insulations and for black varnishes. Manjak, another variety, has recently been 
discovered in quantity, about 10 miles north of the pitch lake. 


EXPORTS OF LAND ASPHALT FROM TRINIDAD. (@) (IN TONS. OF 2,240 LB.) 


To United States. To Europe. To Other Countries. Grand 
Se A ee a ee ; Total of 
Year ereiey i mo aoe 
c quiva- quiva- uiva- | in Crude 
Crude. | Epuré. | jent in | Crude. Epuré. | jdt in | Crude. | Bpuré. eat fn | Matieas 
Crude. Crude. Crude. lent. 
Tons Tons Tons Tons Tons. Tons Tons Tons Tons Tons 
1897.... | 19,243 Nil 19.243 293 700 1,343 415 178 682 21,268 
1898 18,160 Nil 18,160 7 258 1,087 404 312 872 20,119 
1899.... || 25,613 345 26,130 275 280 Bird (gs sown ae 100 150 26,975 
1900.... |) 34,796 (b) 34,796 251 (b) 251 197 (b) 197 35,244 


L90T ee 31,767 11 31,767 1,704 (b) 1,704 1,446 (b) 1,446 34,917 


EXPOR'TS OF PITCH-LAKE ASPHALT FROM TRINIDAD. (a@) (IN TONS OF 2,240 LB.) 


| To United States. To Europe. To Other Countries. Grand 
| ota ota ota xports 
Year. | : Bpuré A Epuré poe He 
Crude. | Dried. | EQ4v@ | crude. | and | aulva- | crude. | and | Eauiva- | in Crude 
lent in Dried lent in Dried lent in | Equiva- 
Crude. Crude. Crude. lent. 
| Tons. Tons. Tons. Tons. Tons. Tons. Tons. Tons. Tons. Tons. 
1897.... |] 71,969 1,769 74,407 14,629 13,510 BAESHG Sle scsine cisiers 500 680 109,943 
1898.... || 46,089 1,692 48,424 15,703 13,228 35,537 693 1,646 2,999 86,960 
1899.... || 70,111 480 10,077 21,337 13,749 g 3140 ies lees on doo 1,699 2,359 115,092 
1900. | 67,758 3,180 70,938 23,386 16,114 47,352 1,422 2,420 4,453 122,743 
1901. | 80,449 Nil. 80,449 31,213 15,815 CAG Le a trceies Osta 586 844 136,054 
| 
(a)Tihe exports prior to 1897 will be found in THE MrinEeRAL InpustRy, Vol. VII. (6) Included in the ship- 


ments of crude. 


Venezuela—The right of the Warner Quinlan Syndicate, of Syracuse, N. Y., 
to operate the asphaltum deposits in the Department of Sucre is still in litigation, 
and while the Province court at Carupano annulled the concession formerly 
granted to the New York & Bermudez Co., the matter has been carried on appeal 
to a higher court. An occurrence of asphaltum has been reported by Mr. R. 
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Zuber, of London, on the Island of Pedernales, in the Orinoco delta. The deposit 
is reported to be similar to the asphalt beds of the Island of Trinidad and of 
an extent to permit an annual extraction of 20,000 tons for some years to come. 


OZOKERITE, 


In describing the ozokerite industry of Boryslaw, Galicia, F. W. Hossfield 
states that an attempt has recently been made to form an ozokerite trust which 
will embrace under one management all the existing mines and mineral leases 
of mines known or supposed to contain deposits of mineral wax, but owing to the 
obstinacy of the owners of some smaller tracts, the promoters of the trust have 
not as yet been successful. The area of the ozokerite beds of Galicia cover 
957 sq. miles, and from the latest official report (1898), there were 42 companies 
engaged in the field, employing 5,413 operatives. The output in that year 
amounted to 17,068,290 lb. The mineral wax is never found in a pure state, 
and the material for export is usually freed from earthy matter near the mines. 
The purifying process is quite simple and consists in placing the material in 
tanks which are heated either by direct fire or by steam. When direct fired 
the flames must heat the sides as well as the bottom, otherwise the wax will be- 
come overheated and partial distillation will ensue. At the later works steam 
heat is now used for refining purposes. At first the steam must possess sufficient 
heat to melt the wax, but when overmelted a much smaller amount only is 
required to maintain the product. The liquid condition is then continued until 
the impurities settle to the bottom. The wax is then drained into iron vessels 
having the form of a cone and previously lime washed to prevent the adherence 
of the congealed blocks of wax. The blocks weigh from 650 to 850 lb., and are 
generally from 15 to 25 in. high, with a maximum diameter of from 30 to 36 in. 
An analysis of the better quality of unadulterated Boryslaw ozokerite gave: 
Water, 0°33%; naphtha, 567%; petroleum, 367%; crystallizable paraffine, 
82°33 % ; other substances, residue and loss, 8%. Ozokerite melts between 136°F. 
and 212°F. Blocks of the latter high degree of fusibility, however, are seldom 
found. The average melting point of the better qualities is from 140°F. to 158°F. 
If the wax melts below 136°F. it may be taken for granted that it hag been 
adulterated with other substances. There are about 20 refineries for converting 
raw ozokerite, and it is doubtful if the processes employed by any two of them 
are identical. In most of the refining works the wax is mixed with from 6% to 
10% of sulphuric acid, heated and filtered through bone charcoal or spodium, 
which imparts a yellow color to the product. It is again treated with sulphuric 
acid, and finally with caustic soda, until the acid is completely neutralized. 
Fairly successful experiments have also been made to avoid the use of sulphurie 
acid by the substitution of benzol, in which case the solvent must be eliminated 
by distillation. In the filtering process referred to, coal in small grains is placed 
between two sieves, which are inserted in each filter. A number of filters are 
placed together in a frame and sufficiently heated by direct steam to keep the wax 
in a liquid state. Whenever-the coal is tested its efficacy as a bleaching agent is 
regenerated by a special treatment. After the mass has been decolorized it is 
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decanted into funnels having paper filters with a device for keeping the material 
heated during filtration. 

In 1900 Austria exported 11,363,779 lb. crude ozokerite, valued at $1,047,805, 
of which 8,326,333 lb. was shipped to Germany and 22,707 lb. to the United 
States. This amount, however, does not represent the total quantity shipped to 
the United States, as much of the product exported to Germany is again Te- 
shipped to this country. 

Exports of refined ozokerite or ceresin from Austria in 1900 amounted to 
1,927,809 lb. ($234,546) of which 308,864 lb. ($36,261) ‘were shipped to Ger- 
many, the direct exports to the United States being 77,381 Ib. ($3,085). 

Among the new uses to which ozokerite is applied, beyond those enumerated 
in the preceding volumes of THE MinERAL InpustRy, may be mentioned in the 
manufacture of phonographic cylinders and in galvano plastic printing. 


Tre History or THE AspHAaLT INpusTRY TO 1901, INCLUSIVE. 
By, Aco We Dow. 


ASPHALT paving in this country may be said to date from the year 1870, 
although there were a few pieces laid before this date. 

The first regular asphalt pavements in Europe were laid with a limestone rock 
asphalt mined at Val de Travers, Neufchatel, Switzerland, in 1856, on the Rue 
Bergere, Paris, by M. Vaudry; another small piece was laid in 1858 in, front: 
of the Palais Royal, on the Rue St. Honore, one of the most traveled streets in 
the world, and the first asphalt pavement in the city of London was laid with. 
Val de Travers asphalt on Threadneedle street, near Finch lane, in May, 1869. 

The success of these pavements in Europe attracted considerable attention in 
this country, but the great expense of shipping and laying the European asphalts 
prevented their use excepting in one or two experimental pieces. Attempts, 
however, were made to use coal tar mixed with mineral ingredients, and.in 1867 
a small portion of one of the drives in Prospect Park, Brooklyn, N. Y., was laid 
with a coal-tar pavement patented by Mr. Scrimshaw, followed by a similar one 
laid on Diamond street, near Lenox Road, Flatbush, L. 1. The latter pavement 
lasted for more than 20 years. In the city of Washington in the early seventies 
several patented coal-tar pavements were laid, the great majority of which were 
utter failures, while some few have given and are still giving excellent service 
at the present date. With the paucity of knowledge of the construction and the 
materials used in such paving at that time, it is little wonder that there were 
so many failures, and it can be considered merely accidental that any of these first 
still remain. . 

In 1870 Edward J. DeSmedt procured patents for the manufacture of pave- 
ment, using Trinidad asphalt softened by heavy petroleum, oil and mixed with 
sand and powdered carbonate of lime. Samples of this new pavement which 
were laid in front of the City Hall in Newark, N. J., and around his works in 
Jersey City, proved so satisfactory that in the next five years the American 
Asphalt Paving Co., The Grahamite Asphalt Co., The Grahamite Asphalt Paving 
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Co., and The Grahamite & Trinidad Asphalt Paving Co. were organized. The 
most notable successes of these various companies were the pavements laid in 
1873, on Fifth avenue, between 24th and 25th streets, and in Trimble place, from 
Duane to Thomas streets, in the city of New York, and in front of Independence 
Hall, opposite the Ledger Building, in the city of Philadelphia. 

The first foreign rock asphalt laid in this country was a small piece of pave- 
ment laid with Neufchatel rock asphalt in 1872, on Union Square, New York. 
The Neufchatel rock asphalt was also used later in several other cities to a 
limited extent. 

In 1876 a special commission was appointed by Congress to decide on the best 
pavement to be used on Pennsylvania avenue, from the Capitol to the Treasury, 
in the city of Washington, which decided to pave from Sixth street to the 
Treasury with Grahamite & Trinidad pavement, laid under the supervision of 
the patentee, E. J. DeSmedt, using asphalt from deposits on the Island pf 
Trinidad, and between the Capitol and Sixth street with foreign asphalt rock 
by the North American Neufchatel Asphalt Co. 

Before the use of Trinidad asphalt for pavements it had been mined for various 
purposes. ‘The tenth Earl of Dundonald seems to have first brought Trinidad 
asphalt into commercial notice. In 1851 he leased for 20 years a large part of 
the lake and some of the adjoining asphalt land, and in 1865 assigned his lease 
to a joint stock company called The Trinidad Petroleum Co., Ltd., organized 
with a view to distilling petroleum out of the asphalt. This company, which 
seemed not to have been prosperous, went into liquidation in 1866. Mr. Thomas 
A. Finlayson succeeded to its leasehold rights and continued shipping asphalt. 

In the meantime other parties commenced shipping asphalt mined from de- 
posits existing at La Brea and Point d’Ore, Trinidad. In 1871 the Governor 
decided to lease the asphalt lake in lots of only five acres each, when the existing 
leases thereon had terminated, with the result that the entire asphalt lake, with 
the exception of one five-acre lot, came under the control of four lessees. These 
lessees in time combined so as to monopolize the output of asphalt from the lake, 
but they still had considerable competition from parties mining asphalt in the 
village lots of La Brea and at Point d’Ore. 

In 1878, Mr. A. L. Barber contracted with Mr. John GQ. Douglas, who mined 
asphalt at Point d’Ore, to supply him with asphalt for four years, and in 1880 
visited the Island of Trinidad and succeeded in uniting all the conflicting inter- 
ests connected with the shipping of asphalts, both from the lake and land deposits. 
But in 1886, when the Colonial Government decided to grant pitch-digging 
licenses indiscriminately on the five-acre lot formerly held in reserve, which 
could furnish as much pitch as the remainder of the lake, it is no surprise that 
the parties in this combination became dissatisfied, for by this procedure the 
lessees would be forced to do business without protection. It was again through 
Mr. A. L. Barber that a new contract wag made with the Government carrying 
the exclusive right to mine asphalt from the lake and the protection of the Crown 
against competition from the other Crown deposits. This new deed was made in 
July, 1888, between the Crown, and Previte & Oreig, of London, and the New 
York & Trinidad Asphalt Co., of New York, the latter having the exclusive right 
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for this country. In 1899 the licenses and privileges of the two above companies 
were assigned to the Trinidad Asphalt Co. ‘This new company, although having a 
monopoly of the Trinidad Lake asphalt in this country, had a little competition 
from a few parties mining asphalt in the village of La Brea, among which were 
the West Indies Asphalt Co., Carter, Hawley & Co., and Christale & Co. 

The Trinidad Asphalt Co. gradually acquired these out-lying deposits, until 
there only remains the original Dundonald holding in the village of La Brea, 
which is now being worked by the Warner Quinlan Asphalt Co., of Syracuse, 
Na. 

In 1880 asphalt was mined in Cuba by W. 8. Wilkinson, of Baltimore, Md., 
and Cranford & Filbert, of Washington and Philadelphia, the former manu- 
facturing asphalt block, which proved of such poor quality that the mining was 
discontinued in about a year. Cranford & Filbert used it for sheet asphalt, but 
for various causes only one cargo of this asphalt was imported by them, and 
later they made a contract with the Trinidad Asphalt Co. for a supply of Trini- 
dad Lake asphalt. The mining of asphalt in Cuba for paving was discontinued 
until 1901, when the mine at Bajucal, Cuba, which had been purchased by the 
West Indies Co., of New York, shipped asphalt for fluxing with heavy refined 
maltha from California into a paving cement which has been laid during the; 
past year in the city of Washington. 

Although as stated before a little paving had been done in this country with the 
foreign rock asphalts, yet no particular company ever did any considerable paving 
with these materials. 

The Sicilian Asphalt Co., of New York, did some paving with a mixture of 
asphalt rock mined at Regusa, Sicily, and German rock asphalt, but about 1890 
it entered into an agreement by which it obtained and laid Trinidad asphalt, 
and it is now using Trinidad asphalt in all its work. The German rock 
asphalt, from Limmer, near Hanover, has been used to a considerable extent in 
this country mixed with other rock asphalts. The asphalt rock mined at Seyssel, 
Department of L’Ain, France, has been laid more extensively of late than any 
other foreign rock asphalt by the Compagnie Generale des Asphaltes de France. 

The first asphalt rock mined in this country for paving was probably that from 
Santa Cruz, Cal., which is there called bituminous sandstone, and was first laid 
in the city of Santa Cruz, in 1868, over an old wooden pavement, but was not 
extensively used until 1880, when several pavements were laid in San Francisco. 
At the present time there are several miles of this pavement in San Francisco and 
other cities on the Pacific slope. Other most important asphalt rocks of Cali- 
fornia are mined in San Luis Obispo County and Santa Barbara County, but the 
use of these asphalt rocks, owing to the expense of transportation, is confined 
to the cities within easy distance of the mines. 

The first pavement laid with asphalt rock mined in Breckenridge County, Ky., 
was in the year 1890, in the city of Louisville. Since then a few miles of pave- 
ments have been laid with mixtures of this asphalt with other harder asphalt 
rocks richer in bitumen. The greater part of the paving done with Kentucky 
rock has been in the city of Buffalo, where it was laid mixed with Vorwhole 
asphalt rock from Germany. - Other deposits of asphalt sandstone have been 
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opened up in Kentucky, the most important of which are at Youngs Ferry, 
Logan County, and at Russellville, Warren County. A little paving has been done 
with these rock asphalts in cities easy of access to the mines. During 1901 
some of the asphalt mine interests of Kentucky have been consolidated into the 
Federal Asphalt Co. 

In 1891 a deposit of asphalt limestone was opened up at Clein, Uvalde, 
Texas, by the Litho-Carbon Co., which intended to extract the bitumen from the 
rock and treat it by a patented process until it resembled vulcanized rubber in 
consistency. This company was not at all successful, and in 1896 went into 
the hands of a receiver. In 1898 the Uvalde Asphalt Co. secured the mine at 
Clein, and commenced mining asphalt for paving purposes; some few streets 
were laid with it, but the expense of transportation limited its use. In 1899 
the company installed a plant for extracting bitumen from this rock by means 
of naphtha, and it is supposed did some little paving, but the process proved 
so expensive that it was abandoned, and for the past three years the Uvalde Co. 
has been using asphalt secured from the Trinidad Asphalt Co. During the past 
year the Uvalde Co. has secured a deposit of asphalt on Lake M aracaibo, in 
Venezuela, where it has put up an extensive refinery, and expects soon to begin 
shipping asphalt to this country. 

Some paving has been done in St. Louis and other Western cities with asphalt 
rock from Indian Territory. In the Buckhorn district, about six miles from 
Dougherty, the most extensive deposits of the Territory are controlled by the 
Gilson Asphaltum Co., of St. Louis, Mo., which mines both sandstone and lime- 
stone impregnated with asphalt, mixing these rocks about half and half for 
paving. 

About 1890 the California Petroleum & Asphalt Co. was organized in California, 
to mine a hard asphalt at La Patera, Ventura County, and as a flux it extracted 
a thick maltha from the bituminous sand at the La Conchas mine, at Car- 
pentera. This combination was called Alcatraz asphalt, which name was afterward 
adopted by the California Petroleum & Asphalt Co. The Alcatraz Asphalt Co. 
came Kast with its material about the year 1893 and commenced a strong 
competition with Trinidad asphalt. It was not long before the mine at Car- 
pentera was exhausted and the La Patera mine was worked to such a depth 
that it became expensive mining, when the Alcatraz Co. procured its asphalt by 
evaporating the asphaltic petroleums of California until they were of the con- 
sistency of asphalt, to which it gave the name of Grade “D” asphalt. This 
was not entirely satisfactory, so it attempted the extraction of asphalt from 
the asphalt sandstone found on the Sisquoc ranch, Santa Barbara County, Cal. 
The asphalt in a naphtha solution was conveyed by pipe line to the coast, where 
the naphtha was evaporated and returned to the refinery. This process in turn 
proved so expensive that it was soon abandoned, and it is said that the com- 
pany now gets its asphalt from the Harris mine, Santa Maria, Cal. In 1899 the 
Alcatraz Co. was absorbed by the Asphalt Co. of America, and of late it has done 
little or no paving excepting on the Pacific coast. 

About the time that the California Petroleum & Asphalt Co. was developing 
its Alcatraz asphalt a company was organized in Kern County, Cal., which mined, 
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at Asphalto, about 20 miles from Bakersfield, Kern County, an asphalt which 
is quite hard, and which was fluxed with a heavy maltha obtained from wells 
in the neighborhood of the mine. This new company, the Standard Asphalt Co., 
of California, in the year 1894 began introducing its material in the East 
in competition with the Trinidad asphalt interests, which was continued until 
it was bought in by the Trinidad interests about the year 1897. 

In 1892 Mr. Thomas H. Thomas, of New York, obtained a grant of land 
from a Mr. Hamilton, for mining asphalt on a concession which the latter 
had obtained from the Venezuelan Government. This deposit, which is situated 
at Guanoco, Province of Bermudez, is generally known on the market as the 
Bermudez asphalt. Mr. Thomas organized the New York & Bermudez Co., and 
commenced the laying of pavement with this asphalt fluxed with petroleum 
residuum, under the supervision of Mr. E. J. DeSmedt, and so successfully com- 
peted with the Trinidad Lake interests that it was bought up by the Barber 
Asphalt Paving Co., in 1896. 

The mining of asphalt from the Bermudez deposit was carried on by the 
New York & Bermudez Co. without opposition until 1900, when a portion of 
this deposit, which is known as the Felecidad, was sold by the Venezuelan Govern- 
ment to Mr. Sullivan, of the Warner Quinlan Asphalt Co. Through this trans- 
action. arose the dispute so much discussed of late between the New York & Ber- 
mudez Co., or, in other words, the Asphalt Trust, and the Warner Quinlan 
Asphalt Co. This dispute is still before the courts of Venezuela. 

A deposit of asphalt was developed at Tuxpan, Mexico, by the Mexican Asphalt 
Co., of Chicago, in the year 1896, which did some little paving with it in Chicago. 
A refinery and paving plant was built in Jersey City, N. J., by this company’ 
for the handling of its asphalt, but it is doubtful whether any of it was laid 
from this plant, and it is generally understood that Trinidad asphalt has been 
used. In 1900 this company was bought in by the National Asphalt Co. 

For over ten years gilsonite, a pure, hard asphalt, has been mined in Uinta 
County, Utah, for various purposes, but it was not until the year 1898 that 
the Gilson Asphaltum Co., of St. Louis, Mo., commenced its use for paving. 
This asphalt was fluxed with heavy California maltha until of a proper con- 
sistency for a paving cement known on the market as Buena Vista asphalt. 
Pavements have been laid with this material in St. Louis and other Western 
cities. The Gilson Asphaltum Co. was bought in by the Asphalt Co. of America 
in 1899. Shortly before the introduction of the above asphalt for paving by the 
Gilson Asphaltum Co., the Assyrian Asphalt Co., of Chicago, commenced its 
use by fluxing it with Eastern petroleum residuum, and in some cases it has 
fluxed it with a flux manufactured under the Culmer patent by blowing air 
into petroleum residuum. The pavements made of this material did not prove 
all that could be desired, and I believe that it has discontinued the use of this 
asphalt. 

Beside the natural asphalts, there have been used for paving artificial asphalts 
manufactured from oils. About the first manufactured asphalt on the market 
was known as Pittsburg flux, which was made by a process patented by Mr. J. A. 
Dubbs, in 1892, by heating Eastern petroleum residuum with sulphur at a high 
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temperature. The product obtained resembled a wax more than an asphalt, and 
with the exception of one street, laid in Pittsburg, it was never used by itself for 
paving. It was bought a few years later by the Barber Asphalt Paving Co., and 
used as a flux which gave a desirable property to the resulting asphalt cement 
when mixed with Trinidad asphalt. 

In the year 1894 Mr. F. X. Byerley, of Cleveland, Ohio, procured a patent for 
the manufacture of an artificial asphalt from petroleum by the oxidation of 
petroleum residuum by blowing air into it while heated at a high temperature. 
The material resulting from this process was a poor imitation of asphalt, and, 
although some few pavements were laid with it, they have not proved of desirable 
quality. About 1896 Mr. J. A. Dubbs applied his process of heating oils with 
sulphur to the California asphalt oils and commenced the mbt dea of an 
artificial asphalt under the trade name of Ventura Brand California Asphaltum. 
The California Asphaltum Co. manufactured this product at its refinery at 
Ventura, Ventura County, Cal. Considerable of this asphalt was used through- 
out the country, principally in Pittsburg and Allegheny. In 1899 this company 
and its patent were bought out by the Asphalt Co. of America. 

The Los Angeles Oil Burning & Supply Co. erected a refinery in Los Angeles, 
Cal., for the manufacture of asphalt from the oils of that neighborhood 
by simply distilling off the light oils. This company reorganized in 1896 under 
the name of the Western Oil & Asphalt Co., and continued the manufacture of 
asphalt under this name until it was bought out by the Asphalt Co. of 
America in 1899. The president of the Western Oil & Asphalt Co. soon after 
this organized a new company which is now manufacturing asphalt from oil 
in Los Angeles, under the name of the Southern Refining Co. 

The Union Oil Co., of California, has been manufacturing from oil an asphalt 
for paving which it calls Diamond Asphalt. 

Of late there have been several companies organized for the manufacture of 
asphalt from California oils, among which may be named, Jewett & Blodgett, 
the Pacific Refining Co., of Bakersfield, Cal., and the Ojai Asphalt Co., of Santa 
Paula, Ventura County, Cal. 


THE Present CONDITION OF THE ASPHALT PaAvIna INDUSTRY. 


The most important company at the present time is the National As sphalt Co., 
or what is popularly known as the Asphalt Trust, which was organized in 1900 
by John C. Mack, of Philadelphia, and first omnpisie’l of the Mexican Asphalt Co. 
of Jersey City, the Hudson River Stone Co., and several minor companies con- 
trolled by Mr. Mack. Shortly after its organization it absorbed the Asphalt Co. 
of America, which was then known as the Asphalt Trust. The principal com- 
pastes composing the Asphalt Co. of America were the Barber Asphalt Paving 

40., Warren Scharf Asphalt Co., New York & Bermudez Asphalt Co., the Alea- 
ne Asphalt Co., the Gilson Ane 1altum Co., Standard Asphalt Co. of Calilornia, 
the Trinidad Acuna Refining Co., and the Columbia Construction Co. eas 
the other important companies enh the control of the National Asphalt Co. are 
the Warner Quinlan Asphalt Co., of Syracuse, N. Y., using asphalt mined from 
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the Dundonald Estate on the Island of Trinidad. This company is supplying 
several companies with asphalt. The Globe Asphalt Co., having its refinery at 
Obispo, Cal., is supplying companies throughout the country with asphalt. Its 
Eastern agent is the Inter-State Paving Co. The Warren Asphalt Co., of Utica, 
N. Y., is suppling Warren’s Acme California Asphalt, manufactured in Los 
Angeles, Cal. The Southern Refining Co., of Los Angeles, Cal., is supplying 
Southern Cross Asphalt, manufactured in Los Angeles, Cal., and the West Indies 
Co. is furnishing Cuban asphalt fluxed with Californian maltha. There are 
several other companies supplying both asphalt and asphalt rock. 

The asphalt block industry, with a few minor exceptions, obtained its supply 
of asphalt from the International Paving Co., which, by a special contract 
made by its president at the time of the formation of the Trinidad Asphalt Co., 
buys Trinidad Lake asphalt from the latter company. 

During the past year a new patented pavement has been brought out by the 
Warren Brothers Co., of Boston, Mass., which is known as bituminous macadam, 
and is made by binding together stone graded from about 1°5 in. in size to an 
impalpable dust, with a specially prepared bitumen manufactured from coal tar. 
Several pavements of the above class have been laid throughout the country 


during the past year. 


BARY TEs. 


THE production of barytes in the United States during 1901 amounted to 
49,070 short tons valued at $157,844, as compared with 41,466 short tons valued 
at $194,178, in 1900, showing an increase of 7,504 short tons. As in recent 
years the supply was obtained from Missouri, Virginia, Tennessee, North Carolina 
and Georgia in the order of their production. The mineral is mined chiefly in 
open cut as shaft sinking is too costly at the present price of the product. 
Barytes occurs in many other States, notably Arkansas, Connecticut, Delaware 
and Kentucky, but no output was obtained from these deposits during 1901. In 
some instances, however, a small amount of development work has been accom- 
plished. 

The following tables give the production, imports and consumption of barytes 
in the United States from 1897 to 1901 and the world’s output for the years 
1896 to 1900, inclusive. 


PRODUCTION, IMPORTS, AND CONSUMPTION OF BARYTES IN THE UNITED STATES. 
(In tons of 2,000 lb.) 


Production. Imports. Consumption, 
Year. at Val 
Quantity. | p a Value. | Quantity.| p sees Ton, Value. Quantity. | Value. 
e ease 
WSO (eiccteatnioccte se 26,430 $4-00 $105,720 2,018 $7°14 $14,401 28,448 $120,121 
MBO Beans choca 28,247 4°00 112,988 1,914 5°93 11,356 30,161 124,344 
MOOD e iseierereiet 32,636 4°20 137,071 4,312 6°59 28,407 36,948 165,478 
NOOO se sisveeterare 41,466 3°90 161,717 5, 625 _ | 577 32,461 47,091 194,178 
LOOM Mice ciniere 49,070 3°22 157,844 5,604 7°04 89,442 54,674 197,286 


PRODUCTION OF BARYTES IN THE PRINCIPAL COUNTRIES. (a) (IN METRIC TONS. ) 
Germany. 
: = United | United 
Year. | Belgium. Canada. France. tae spain 

Baden. | Bavaria. | Prussia. (c)} Saxony. SDE COT | tater, 

1896.... 25,000 131 2,791 130 3,397 38,438 574 24,117 21,900 
1897.0. 23,000 518 3,209 400 3,365 36,394 218 23,087 26,480 
1898.... 21,700 971 2,763 1,100 4,339 48,082 478 21,514 28,247 
1899.... 25,900 1,207 4,058 2,430 6,214 52,920 216 25,059 29,607 
1900.... 38,800 1,213 3,635 2,970 10,515 60,099 516 29,937 37,618 
LOO Tire (h) 653 (h) (h) (h) (h) ‘h) 25,050 44,516 


(a) From official reports of the respective countries, except the statistics for the United States. (b) Not 
reported. (c) Output of the mining districts of Clausthal and Bonn. (h) Statistics not yet available. 


Missourt.—The largest individual production of barytes by States during 
1901 was derived from Missouri, where the mines, principally in Washington 
County, are of very great extent. The great bulk of the shipments is made 
from Mineral Point, Cadet and Potosi, via the St. Louis, Iron Mountain & 
Southern Railway. 

Tennessee.—(By C. 8. Herzig.)—The barytes deposits of East Tennessee may 
be divided into veins and boulders, the former occurring along the Western 
North Carolina branch of the Southern Railway, around the State line, both 
east of it in North Carolina and west of it in Tennessee, and the latter around 
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Sweetwater, about 40 miles west of Knoxville. The strike of both deposits is 
cast of north. The veins occur usually with a quartzite hanging wall and some- 
times with a quartzite foot-wall, generally accompanied by a low-grade clayey 
iron oxide locally called umber, which underlies and at times surrounds the 
ore itself, making the mining cheap and the ore easily obtained, so that an 
8-in. to 10-in, seam of barytes can be worked at a profit. These veins are from 
6 to 8 ft. wide and of considerable length; usually the width of the workable 
veins is from 2 to 4 ft. Due to line-of fracture the ore bodies break out in! 
irregular conchoidal blocks. In mining the underlying umber is removed and 
the ore broken down by hand picks in lumps of from 25 to 100 lb. weight. The 
barytes is separated from the refuse material, removed to the surface, where 
it is stacked and dried, and again cleaned before shipment. The principal vein 
mines, near Myers and Wolf Creek, Tenn., and at Hot Springs, N. C., are owned 
or controlled for the most part by John T. Williams & Sons, of Knoxville. This 
concern is building a large mill to grind the ore and manufacture the commercial 
products. 

The boulder deposits at Sweetwater have been operated for many years with 
‘ndifferent financial success. Large quantities of barytes occur in the residual clay 
which has resulted from the weathering of the calcareous formation prevailing 
in that portion of Tennessee. These deposits have a general direction east of 
north, and in most cases the ore crops out at the surface. The exploitation of 
these deposits has so far been confined to shallow surface workings, but further 
development will doubtless show that the ore now found in boulder form em- 
bedded in the clay is derived from veins similar to those found near the North 
Carolina line. It appears that the veins ogcurred originally in the limestone 
and due to weathering action, the soluble portions of the limestone were dis- 
solved and washed away, leaving the barytes in its original form and the insoluble 
iron oxides to color the residual clay. The ore zone is often several hundred feet 
wide, so that some of the lumps must have been moved a considerable distance 
from the place where they were originally broken down. The character of the 
lumps, which vary in size and weight up to 100 Ib., is identical with the material 
mined in the vein deposits. The barytes is usually of good grade, although a 
small amount of impure ferruginous material is found. The boulder deposits 
have been mined in a primitive manner by shallow surface pits that have been 
abandoned as soon as the excavation became too deep for the easy removal of the 
materal. On account of the crudity of the work the cost has been greater than the 
return. The application of proper mining principles and the control of a mill 
to convert the crude material into the finished product are two factors which will 
aid to place operations on a profitable basis. The production of barytes in Ten- 
nessee during 1901 was probably less than 15,000 long tons, 70% of which was 
obtained from the Sweetwater district. 

The Hiawassee Mining Co., of Knoxville, which operated extensively in 1900, 
was declared insolvent during 1901 and was placed in receivers’ hands. 

The price of crystalline ore of the eastern part of the State varied from $4°50 
to $4 per ton, according to quality, while the flake variety from the Sweetwater 
district brought $3°50 per ton, all f. 0. b. cars. 
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- Virgima.—The Tri-State Mining Co., of Pittsburg, Pa., is completing a 
90-ton plant at Richlands, Tazewell County, to grind the barytes from its mines. 
The firm of Dingee & Weinman, of Lynchburg, Va., one of the largest oper- 
ators in the South, has been succeeded by Mepham & Krause Co. At Evington, 
the Hewitt mines, one of the oldest operative mines in the States, continued 
its shipment of barytes to Lynchburg. 

Market.—Consumption in 1901 was good and prices ruled steady. New sellers 
of the domestic product have appeared, causing closer competition, with the result 
that some of the larger Virginia and Missouri mines are planning a consolidation 
which is likely to materialize early in 1902. New York quotations were: Crude, 
No. 1 domestic, $9 per short. ton; No. 2, $8; No. 3, $7°75; for wholesale quanti- 
ties. German barytes, gray in color, were $14°50 per ton, and white, $17°50. 
Blane fixe (artificial barium sulphate) was in good request, selling at 1@2c. 
per pound, according to quantity and quality. 


TECHNOLOGY. 


<u) 


Barium Oxide—The Bradley & Jacobs process (German Patent No. 111,667, 
December 16, 1898) for the preparation of barium oxide in the electric furnace, 
which is operated at Niagara Falls, N. Y., by the United Barium Co., consists 
in treating an intimate mixture of 137 parts of pure barytes and from 7 to 12 
parts carbon in the electric furnace, which transforms the barium sulphate into 
barium sulphide according to the reaction: 4BaS0,+4C=BaS+4C0+3BaSQ,. 
At the high temperature of the electric furnace, barium has a greater affinity for 
oxygen than for sulphur. A second reaction takes placc in which the barium 
sulphide reduces the sulphate not yet decomposed and forms barium oxide and 
sulphur dioxide gas as follows: 3BaSO,+BaS=4Ba0-+4S0,. These reactions 
are not independent, but occur simultaneously, and as the reduction due to the 
carbon is much more rapid than that caused by the action of the sulphide there is 
always an excess of barium sulphide. In practice about 60% barium. oxide and 
about 40% barium sulphate are obtained, the residual undecomposed sulphate 
amounting to less than 1%. The addition of barytes when the reaction has 
been under way for some time aids in the production of barium oxide. The 
resultant mixture is treated with hot water and barium hydrate obtained, 
which can be subsequently crystallized as BaOH,.8H,O from the concentrated 
solution. The furnaces employed are operated continuously and have a maximum 
power consumption of 500 K.W. and a maximum output of 8 tons of product 
per 24 hours. The crystals of barium hydrate containing less than 1% impurity, 
after a thorough washing with cold water and drying, are melted and run into 
thin iron drums of 500 Ib. capacity. The efficiency of this process extracts from 
97 to 98% of the barium sulphate in the crude mineral and at the relatively low 
cost of treatment it can produce barium salts at a price which will doubtless 
result in a great increase in their consumption. Although in operation less than 
a year, the capacity of the plant has been increased to 60 tons per day. Hitherto 
barium hydrate has been consumed chiefly by the beet sugar industry to remove 
the sugar from molasses. Steps are being taken to utilize, for the manufacture 
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of sulphuric acid, the sulphurous gas which is evolved during the smelting of 
barytes, which would make the process well rounded. 

Barium Dioxide.—The production of hydrogen dioxide from barium dioxide 
in France during 1899 amounted to 5,800 tons, which was used to manufacture 
oxygenated water; 11 works in France are engaged in the manufacture of 
oxygenated water, 4 of these making the barium peroxide as well. Oxygenated 
water is used extensively in bleaching linen, silk, straw, feathers, coral ivory. 
It is also used as an antiseptic and as a cosmetic in bleaching the hair. The 
present world’s production of barium dioxide is estimated at 10,000 long tons 
annually. 

Lithophone.—This valuable pigment consists essentially of a mixture of barytes 
with zine oxide and zinc sulphate in varying proportions. The best quality con- 
tains from 65 to 70% BaSO,, 12 to 15% ZnS and 10 to 13% ZnO. Details of 
the manufacture of lithophone are given under the caption “Zinc and Cadmium,” 
later on in this volume. 

Review of Analytical Chemistry—(By Edmund H. Miller.)—C. H. Peters* 
investigated the precipitation of barium, strontium, and calcium as oxalates, 
and their subsequent determination by indirect titration with potassium perman- 
ganate. In order to get sufficiently complete precipitation of strontium oxalate, 
the volume of the solution should be 100 c.c., and should contain one-fifth 85% 
alcohol, as this oxalate is soluble in 12,000 parts of water. For barium oxalate, 
which is soluble in 2,590 parts of water, one-third of the solution should be alco- 
hol. The conditions for precipitation are as follows: To the barium solution 
100 ¢.c. in volume and containing about 30% alcohol, add an excess of ammonium 
oxalate and allow to stand over night; filter on asbestos in a Gooch crucible, wash 
with water containing 30% alcohol and dry over a flame to expel the alcohol, 
which would reduce permanganate. The crucible with the precipitate is put in a 
large beaker, with from 100 to 200 c.c. of water, from 5 to 10 c¢.c. concentrated 
hydrochloric acid, and from 0°5 to 1 g. of manganous chloride, and the resulting 
solution titrated by permanganate at a temperature of from 35 to 40°C. The re- 
sults given are quite satisfactory, and better than when sulphuric acid is used, as 
the barium sulphate retains oxalic acid by occlusion. In regard to the precipita- 
tion of these oxalates when used as a means of separation from magnesium, the 
recent article by Prof. Richards? affords very valuable information. 

KE. Groschuff* gives the solubility of the different hydrates of barium oxalate 
and also of the acid oxalate BaC,0,,H,C,0,,2H,0. 

D. Vitali* describes a method for the recognition of barium compounds in 
the contents of the stomach to be used in cases of poisoning. 

L. Dobbin® calls attention to the very considerable solubility of barium 
sulphate in solutions of sodium thiosulphate (“hypo”), and suggests this as 
another source of error in the difficult determination of mixtures of sulphates, 


2 Zeitschrift fuer Anorganische Chemie, 1901, p. 71. 

3 Berichte, Vol. XXXIV., p. 3313. 

4 TOrosi, Vol. XXIII., p. 260. 

5 Journal of the Society of Chemical Industry, March 30, 1901, p. 218. 


BISMUTH. 


Tux supply of bismuth ores in the United States continues to be obtained 
from Colorado, and in 1901 the production amounted to 318°6 short tons, as com- 
pared with 220 short tons in 1900. Lake County contributed 253°6 short tons 
of ore of from 4 to 10% Bi, while Ouray, County produced 65 short tons of ore, 
which varied from 6 to 12% bismuth content. The ore contained gold and silver, 
for which the producers were paid. The price paid for bismuth ranged from $2 
to $11 per unit. Owing to the limited demand for the metal the producers of 
ore are disinclined to report their production and the details of market condi- 
tions. As nearly as can be ascertained the output of 318°6 short tons was valued 
at $25,488, less transportation and treatment charges, or an average of $80 per 
ton. In recent years practically the entire output was purchased by the Lead- 
ville Sampler, at Leadville, the State Ore Sampling Works, at Denver, or was 
shipped direct to Johnson, Matthey & Co., Ltd., England. During 1901, how- 
ever, a considerable portion was diverted to other buyers. 

The world’s supply of metallic bismuth is controlled by the combined interests 
of Johnson, Matthey & Co., Ltd., and the Saxon Government, who regulate 
absolutely the production and prices of the metal and its ores. The supply of 
this metal greatly exceeds the demand and necessitated a combination of interests 
in order to maintain the price at a figure which would be remunerative to mine 
owners. The schedule of prices for ore during 1901 showed no change from the 
previous year. ‘The price is based on the market price of metal, and with the: 
latter at $1.25 a lb. the following rates were paid on delivery at the smelting 
works, all deductions for treatment having been made: 10% ore, $150 per ton; 
15% ore, $200 per ton; 20% ore, $350 per ton; 30% ore, $550 per ton; 40%) 
ore, $750 per ton, 50% ore, $1,000 per ton. 

The price for refined metallic bismuth ranged from $2°25 per lb. in January- 
March to $2:05 in April-June; $2°025 in July and August; $1°64 in September 
to the closing quotation of $1-50 in October-December. The drop in price was 
due to the purchase of ore by buyers outside of the so-called “Bismuth Asso- 
ciation.” 

While bismuth occurs both in the combined and free state in many of the 
Western States the mining of its ores is limited to Colorado. The principal 
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minerals in the State are: the carbonate, which occurs in Lake, Larimer, Boulder 
and Chaffee counties; native bismuth in Summit, Jefferson, Boulder and Lari- 
mer counties; tellurate and telluride in Boulder and Ouray counties ; sulpho- 
bismuthite in Park, Custer, Ouray, Hinsdale, Clear Creek, La Plata, Boulder, 
San Juan and Lake counties. ; 

The importation of bismuth ore in the United States was 165,182 Ib. valued at 
$239,906, against 180,433 lb. valued at $246,597, in 1900. In addition to this 
there was a small importation of bismuth compounds in medicinal preparations. 

Review of Analytical Chemistry—(By Edmund H. Miller.)—Three new 
methods for the estimation of bismuth have appeared during the past year :-— 

(1) Warwick and Kyle’ describe, with a few additional details Patterson 
Muir’s method, as given by Sutton,’ of which the following is an abstract: eee 
of finely ground ore is treated with from 5 to 10 c.c. of concentrated nitric acid, 
and evaporated to dryness on a hot plate, but not baked ; 5 c.c. of nitric acid are 
added, and the residue broken up; then 25 c.c. of water, and the whole transferred 
to a beaker and diluted to 100 c.c. with hot water. The insoluble residue is not 
filtered out, but the bismuth is precipitated in the solution containing 5% nitric 
acid by an excess (5 g.) of ammonium oxalate or® oxalic acid; not potassium 
oxalate, as used in a later method by Muir and Robb, as it gives an insoluble 
double salt, Bi,(C,0,),,K,C,0,: boil vigorously for five minutes; allow to cool 
and settle ; decant the clear solution through a filter, leaving the precipitate in the 
beaker. The precipitate is boiled with two successive portions of water (about 
50 c.c. each), and filtered through the filter already used. This treatment con- 
verts the bismuth to a basic oxalate, and is sufficient for ores containing about 
10% ; if richer, re-treat till the filtrate is neutral (showing that all the oxalic acid 
is removed, except that combined with the bismuth as a double salt). The pre- 
cipitate of basic bismuth oxalate is washed down to the point of the funnel and 
dissolved through into the beaker containing the rest of the precipitate by a little 
hydrochloric acid (1 to 1), warmed till solution is complete (from 2 to 5 cc. of 
hydrochloric acid being required), and diluted to 250 c.c. with hot water; then 
neutralized by ammonia and reacidified by dilute sulphuric acid. The oxalic acid 
so liberated is titrated at 70 to 100°C. by standard permanganate as usual. The 
authors state that as regards permanganate, 10 mg. iron are equivalent to 
18°68 mg. of bismuth ; this corresponds to one molecule of oxalic acid for each atom 
of bismuth, as given by Muir. According to this last-named authority, if other 
metals are present which give insoluble oxalates, the bismuth must be first sepa- 
rated as oxychloride. Warwick and Kyle state that this is unnecessary, and claim 
that the method is accurate to within about 0°1%, even in the presence of large 
amounts of copper. This is in direct contradiction to the recent work of Peters* 
on the precipitation of copper by oxalic acid, and to the experience of C. A. 
trabill® in testing the method. The explanation of this difference of opinion lies 


1 Engineering and Mining Journal, April 13, 1901. 

2 Volumetric Analysis, Eighth Edition, p. 174. 

3 See later. 

4 Zeitschrift fuer Anorganische Chemie, 26, 111, 1901; also, American Journal of Science, No. 59; Chemi- 
cal News, 88, May 10, 1901, 221 et seg. 

5 Engineering and Mining Journal, Sept. 20, 1901. 
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partly in the different behavior of ammonium oxalate and of oxalic acid. Copper 
oxalate is readily soluble in the first, but not in the latter. (Method not recom- 
mended. ) 

(2) G. Frerichs* employs the reaction of bismuth sulphide on silver nitrate for 
the determination of bismuth in surgical dressings, ete. The freshly precipitated 
sulphide is shaken vigorously with a measured excess of N/10 silver nitrate solu- 
tion and 10 cc. of nitric acid, made up to 100 c.c., and the excess of silver in 
50 ¢.c. found by Volhard’s method, titration with ammonium sulphocyanide usin g 
ferric alum as indicator. The essential reaction is the formation of. silver 
sulphide and bismuth nitrate ; 1 ¢.c. N/10 silver nitrate is equivalent to 0-00693 g. 
of bismuth. 

(3) Karl Wimmenauer,’ after reviewing and repeating the work already done 
on the electrolytic deposition of bismuth, gives the following conditions as the 
inost satisfactory for its determination: From 0°1 to 0°3 g. of bismuth nitrate is 
dissolved in from 2 to 4 cc. of glycerine solution, one part of glycerine to two 
parts of water, diluted to 150 c.c. and electrolyzed by a current of 2 volts and 0:1 
ampere. ‘The temperature is gradually raised to 50°C. and the current density 
reduced to 0:05 amperes. When the electrolyte was kept agitated, as much as 
04 g. of bismuth was deposited as a bright dense deposit in three hours. The 
results given are very satisfactory, especially when an electrode having a rough 
surface is uséd. 

Prof. Smith in a recent address before the American Chemical Society stated 
that bismuth could be deposited quantitatively from a solution containing a small 


quantity of free sulphuric acid. The full details have not yet been published ; but 
the following method has been used with success in Denver :8 0°5 g. of bismuth ore 
is boiled for 10 minutes with 10 ¢.c. nitric acid, 10 ¢.c. of sulphuric acid is added 
and evaporated to white fumes; then taken up with 50 c.c. of water and boiled, 
and the residue filtered off, cooled, diluted to 125 e.c., and électrolyzed at the ordi- 
nary temperature for four hours. The current used was from 3 to 4 volts and 
from 0°3 to 0°5 ampere per 100 sq. em. of cathode area. 


6 Apotheker Zeitung, 15, 859. 
7 Zeitschrift fuer Anorganische Chemie, 27, 1. 
8 Private communication from Prof. E. F, Smith. 


BORAX. 


THE production of borax in the United States continues to be derived mainly 
from the colemanite deposits of California, although the marsh deposits of Cali- 
fornia, Oregon and Nevada contribute a small quota to the total output, which 
during 1901 amounted to 17,887 short tons of crude borax, valued at $314,811, 
and 5,344 short tons of refined borax, valued at $697,307, the total value being 
$1,012,118. Of the total output California produced 16,887 short tons crude 
borax, valued at $297,198, and 5,344 short tons refined borax, valued at $697,307, 
the total value of the product from this State being $994,505. 


IMPORTS OF BORATES, ETC., INTO THE UNITED STATES. 


1900. 1901. 


Metric Tons.| Lbs. | Value,| Metric Tons.| Lbs. | Value. 


BORA eee Erato ate atoleorazarar otave teas alae erateteca iste eialecevere 125-15 273,706] $9,937 247°29 545,045} $20,643 
Borates of lime or soda (crude sodium borate and 

TEfMedSOGIUMME HOLALE) | cies oieecc os veieie; shares elejetevereios ci 26°44 58,294! 5,306 47°05 108,700) 9,411 
1370) g Leis: 1'6) (6 Gem RRR Ne oer CON IR ee Mn tT FINY aC ere 21467 473,251| 17,436 828° 95 725,005) 26,629 


Oalifornia.—The chief items of interest in the crude borax industry during 
1901 were the development and largely increased production of the colemanite 
deposits of Ventura County and the introduction of new methods and new capital 
in the working of the low-grade mud deposits near Daggett. The Western 
Mineral Co. has erected a modern plant and has increased its capacity consider- 
ably, its product being a boric acid concentrate, which is shipped Hast for making 
borax. Several important chemical difficulties, which have heretofore baffled 
chemists, have been overcome, and the production of boric acid is now being 
actively developed. 

The Standard Sanitary Co., of Pittsburg, Pa., has absorbed the Columbia Min- 
ing & Chemical Co., whose great mud deposits near Daggett and extensive plant 
in the town are now operated by the American Borax Co. New machinery has 
been added. The air method of making sulphurous acid has replaced the steam 
method and the capacity of the plant considerably increased. A railroad has 
recently been built from the mines to the works, a distance of six miles, and 
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elaborate arrangements have been made to handle cheaply large quantities of 
low-grade borate ores. The product, a boric acid concentrate, will be mostly used 
by the company at its works at Pittsburg, Pa., where it consumes large quantities 
of boric acid. Careful laboratory work is being done by both companies, and 
it is worthy of note to record that this is the first determined effort made to work 
low-grade deposits of calcium borate ores in this country. 

The Ventura colemanite mine, owned by the Stauffer Chemical Co., yields 
upward of 100 tons of high-grade calcium borate per month for manufacture into 
boric acid at the factories of the company in San Francisco. Considerable de- 
velopment work has been done during the year on this very promising property. 

No new borate ore bodies have been discovered of late. The marshes in Nevada 
and California have been worked to some extent, but the output therefrom is 
comparatively insignificant in the market. 

The Pacific Coast Borax Co., as heretofore, supplies nearly all the borax used 
in this country and a proportion of the boric acid as well. Its colemanite mines 
at Borate, 12 miles northeast of Daggett, continue to yield as much ore as the 
market requires, though the greater depth of mining has increased the cost of 
extraction. This company controls the borax market in the United States, and 
has shown wise conservatism in resisting the temptation to increase prices during 
the recent period of high values. The burning of its large factory at Bayonne, 
N. J., in April, 1902, has had no effect upon the market, nor even compelled the 
reopening of the plant at Alameda, Cal. There is no immediate prospect of any 
decided increase in the production of borate nor change of values. 

Oregon.—The marsh deposits of sodium borate in Harvey County have been 
operated for the past five years and the refineries have produced a yearly output 
of 400 short tons of refined borax, which is carried by mules to Winnemucca, on 
the Central Pacific Railway, and thence to Chicago, St. Louis, and occasionally 
to San Francisco. The deposit extends over 10,000 acres south of Lake Alvord, 
and with the existing transportation facilities not more than 25% of the area 
can yield ore of sufficient richness to pay for working. The Rose Valley Borax 
Co. owns 2,000 acres of the richest portion of the deposit close to the lake. The 
ground is level and treeless and is incrusted with a layer of sodium borate several 
inches thick, which contains also sodium carbonate, sodium sulphate, sodium 
chloride, and other salts in varying proportions. During the long dry summers, 
the loose surface deposit is shoveled into small heaps and is replaced with a second 
incrustation within a comparatively short time. No mining is done in winter, 
and sufficient material is collected in the summer months to furnish the supply to 
the refining works so that they may operate throughout the entire year. The crude 
material, containing from 5 to 20% boric acid, is shoveled into tanks filled with 
boiling water, to which is added chlorine or sulphuric acid to dissolve the alkali 
salts and free the boric acid. After 24 hours the clear supernatant hquor is 
drawn off into crystallizing tanks and allowed to cool, forming white pearly 
scales of high-grade boric acid and a mother liquor which is used repeatedly until 
it contains a sufficient quantity of sodium salts to warrant a separate treatment. 

Market.—There has been but little fluctuation in the price of borax during 
1901, the price being from 7 to 7:25c. for. the refined article and 6°75 to ‘Ye. 
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for the concentrated product. The concentrated grade, however, is not of uni- 
form quality and is gradually disappearing from the market. 


THE WORLD’S PRODUCTION OF BORATES, ETC. (@) (IN METRIC TONS.) 


|United States. Chile. India. % y Italy. Peru. Turkey. 
Year. Calcium Calcium Borax. Germany. | Borie Acid, | Calcium | Pandermite 
Borate. Borate. (b) (b) Boracite. Crude. | | Borate. (6) (b) 
12,310 7,486 340 184 2,616 1,179 | 12,626 
17,600 3,168 280 198 2,704 11,850 11,375 
13,911 7,034 184 230 2,650 7,178 (h) 
21,834 14,951 (h) 183 2,674 7,688 (h) 
23,456 13,177 (h) 232 2.491 7080 (h) 


(a) From official reports of the respective countries except the United States. (0) Exports. _(e) Fiscal years. 
(d) Product of refined borax. The manufacture of boric acid was begun in the United States in 1896, in which 
year there was a production of 621,000 lb, There are no statistics for subsequent years. (h) Not reported. 

The Borax Consolidated, Ltd., gives a very favorable report for the fiscal year 
ending September 30, 1901. Net profits for the year were £190,278, from which 
interim dividends of £22,000 on preferred stock and £30,000 on ordinary stock— 
£52,000 in all—were paid, leaving £138,278. Adding £13,360 brought forward 
from previous year, gives a total surplus of £151,638. The mines and deposits 
continue to yield satisfactory returns, and as a result of the systematic develop- 
ment work a vast quantity of high-grade borate has been blocked out. 

Argentina.—The International Borax Co, during 1901 cperated the Tres Moros 
mines; some 500 laborers were employed, and they mined on an average 700 tons 
per month. The shipments from the Province of Salta to Europe in 1901 ex- 
ceeded 16,000 tons. 

Chile.—Borax and boracite are found principally in the districts of Ascotan and 
Carcota, Province of Antofagasta, and in the Department of Copiapo, Province 
of Atacama. The deposits of Ascotan and Carcota were worked for a long time 
by a Chilean company and are now owned by a California concern. In 1900 these 
mines produced 13,176 metric tons calcined boracite and 26 metric tons borax. 
A syndicate has recently purchased a ‘borax property known as the Barateras 
de San Juan de Diologue, at a stated price of $150,000. 

Russia.—Borax is found on the Kertch and Taman peninsulas of southern 
Russia, where it occurs in connection with mud volcanoes. The mud soon after 
eruption is encrusted with various salts including borax, soda and salt, which are 
recovered by dissolving in water and evaporation. 

Technology of Borax Manufacture-—The mineral borocalcite, a calcium borate, 
from Asia Minor furnishes a base for the manufacture of the greater part of the 
borax consumed in Europe. The crude mineral is treated with caustic soda, which 
forms borax and calcium carbonate. The best results were obtained by the use 
of a mixture of caustic soda and sodium bicarbonate; the ore is finely crushed 
in a mill and 15 parts mineral are placed in a steam-heated boiler with 60 parts 
water, 8 parts sodium bicarbonate, and 2 parts caustic soda; the whole is boiled 
for about three hours. The resultant mags is filtered and the hot filtrate erystal- 
lized, yields at the end of a few days crystals of borax, which are steam dried. 
The crystals thus obtained are assorted and barrelled. The cake of calcium ear- 
bonate remaining in the filter-press is washed with water until the borax is com- 
pletely extracted, and is then sold to glass, paper or cement works. It is esti- 
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mated that 100 Ib. of borocalcite will yield from 100 to 105 lb. of crystallized 
borax. 

Review of Analytical Chemistry—(By Edmund H. Miller.) —E. Polenske! 
states that when borax is distilled with methyl alcohol, from 57 to 59% of the 
boric acid present passes over in the distillate, about 50% readily, the remainder 
slowly. Sodium metaborate, Na,B,O,, in distillation with methyl alcohol gives off 
boric acid till the composition becomes 5Na,0,4B,0.,, when the excess of soda pre- 
vents the formation of boric esters. 

Luhrig* confirms the accuracy of the titration method based on the fact that 
boric acid in the presence of glycerine does not react acid with methyl orange, but 
does with phenolphtaléin and can be titrated by alkali using this indicator. 
Jorgensen’s directions were followed. This method is applied to borax by liber- 
ating the boric acid by an excess of sulphuric acid then neutralizing this excess by 
caustic soda, using methyl orange, which leaves the boric acid free, glycerine and 
phenolphtaléin are then added, and the boric acid titrated by standard sodium 
hydroxide. 

K. Zschimmer® gives the following directions for the analysis of Italian crude 
boric acid :— 

(1). One grain of the air-dried sample is dissalved in 300 «.c. of glycerine and 
water and titrated with standard barium hydroxide, using phenolphtaléin as indi- 
cator ; when the pink color appears more glycerine is added, and if not permanent 
the titration is continued. 

(2) The sulphur trioxide is estimated as usual in 1 g. of sample. 

(3) Several mixtures of boric acid and ammonium sulphate of known composi- 
tion are made and titrated so as to find the number of c.c. which actually cor- 
respond to 1 gm. of sulphur trioxide present as ammonium sulphate. 

(4) The glycerine is tested for acidity. From the volume of barium by hy- 
droxide used, deduct that required for the sulphur trioxide found to be present 
and calculate the remainder of boric acid. 

Carnielli,* after comparing a number of methods for boric acid, gives the prefer- 
ence to Thompson’s volumetric method (already described), and mentions fayor- 
ubly the distillation method of Gooch-Rosenblatt. An extensive review of the 
methods for the determination of boric acid will be found in Zeitschrift fuer 
Analytische Chemie, Vol. XXXIX., p. 465, 1900. 


1 Zeitschrift fuer Untersuchung der Nahr und Genussmittel, 1901, IV., 801. 
2 Ibid., 801, 1901. 

3 Chemiker Zeitung, Jan. 16, 1901, pp. 44 and 67. 

4 Gazetta, 31, 544. 


BROMINE. 


Tux production of bromine in the United States during 1901, including the 
quantity of bromine contained in potassium bromide, amounted to 552,043 Abs, 
as compared with 521,444 lb. in 1900. The production of bromine in the 
world continued to be controlled by the associated American producers and by the 
Leopoldshall-Stassfurt convention, which has several years longer to run. 

Michigan.—The production of bromine in potassium bromide during 1901 
was equivalent to 163,120 lb., which, with the 54,875 lb. of liquid bromine pro- 
duced, gives an aggregate of 217,995 lb. The Midland companies still control 
the bromine situation in the United States, although a small quantity has been 
made sub rosa from the Saginaw bitterns. The Red Cross well at Big Rapids 
is being fitted up to produce bromine commercially, and a shaft is being sunk 
for rock salt just south of Detroit. The deposit is large and offers a good field. 


PRODUCTION OF BROMINE IN THE UNITED STATES. 


Fi Value. 
nnsyl- We r é 
Year. Michigan. Ohio. ghee : Virginia. Total. ee SEES SSEEEN GEneenneeemnene? 
Total. |Per Pound. 
Pounds. Pounds. Pounds. Pounds. Pounds, 
NBO% sos ersivsien (a) 147,256 124,972 116,967 97,954 487,149 221 $136,402 28c. 
BOG are s'6 °avelurets (a) 141,282 106,860 119,998 118,888 486.975 221 136,354 28c. 
BOO oo cote (a) 138.272 2.368 111,150 101,218 433,003 196 125,571 29. 
TO00 | ose sca (a) 210,400 91,182 105,592 114,27 521,444 237 140,790 Me. 
MOON coe ee (a) 217,995 125,467 101,595 106,986 552,043 250 154,572 28c. 


(a) Including the bromine equivalent of the product recovered as potassium bromide. 
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THE progress of the calcium carbide industry depends to a large extent upon 
the new uses for acetylene gas as well as upon its normal established consumption 
for industrial purposes. The possessor of a quantity of carbide cannot use it 
until he has the necessary appliances to convert it into acetylene gas. In spite 
of their mutual interdependence the manufacture and sale of acetylene apparatus 
is not necessarily connected with the carbide industry, and in fact, the two in- 
dustries are operated separately and with separate capital throughout the world. 

Toward the end of the year 1901, the acetylene industry showed sions of health- 
ful progress. The apparent ease of bringing calcium carbide and water into con- 
tact, and the obvious multiplicity of devices, with which it is possible to accom- 
plish this end, have unfortunately, from the very beginning attracted the attention 
ef those who have possessed but a fair mechanical knowledge, and have not at all 
understood the chemistry involved in the combustion of inflammable gases, 
Owing to the small cost of constructing an apparatus, or so-called “generator,” 
in which carbide and water are brought into contact, the field has been attractive 
to incompetent inventors, with the result that poorly designed and badly con- 
structed machines have been largely introduced. Many instances of dissatisfac- 
tion with the use of acetylene gas are recorded which have been due to the an- 
noyances and danger caused by the use of inferior apparatus, but the excellence 
of the light, per se, has fortunately led to the conclusion that the fault lay with 
the details of the apparatus and not with the gag itself. 

Carbon and hydrogen combine to form an almost infinite number of substances 
in which more hydrogen atoms than atoms of carbon are almost invariably con- 
tained. The lowest in the series is acetylene C,H,, possessing not only the highest 
calorific power of all, but also the greatest illuminating power. Without review- 
ing the chemistry of the manufacture of acetylene, which has already been fully 
described in previous volumes of Tur Minera Inpusrry, the following table 
of the illuminating power of various hydrocarbons of the CxHz series is of in- 
terest :— 


Name. formula. (Cagals Power. Name. Formula.|Candle Power. 


MCth ANG rsa newest Sareea aa 52 Wthylonorsceve ss cc cuaver eee sn CoH, 70°0 
Sthane.ic 0s. 6.0 racers CoH, 87-7 Butylene ............ ae C;H, 123-0 
PROpaAne.s2 fois ocd oak aieieteiifels’s gH, 56°7 Acetylene........ Wtgiescerereccieres CH, 240°0 
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In the ight of our present knowledge it is impossible to form compounds of 
a lower ratio of carbon and hydrogen than that existing in acetylene, C,H,, and 
while there are many substances of the same numerical atomic ratio, they have an 
increased number of atoms to the molecule, as for example, benzene, C,H,. It 
ix found that the greater number of atoms present the smaller the illuminating 
power; thus acetylene, C,H,, has a candle power of 240, while that for ben- 
zene, C,H, is 126; continuing the series, many oils of lesser candle power are 
obtained, reaching finally a brown oil of indeterminate absolute composition which 
is practically incombustible. 

Acetylene Generators.—The design and construction of acetylene generators, 
particularly in the United States, has shown a marked improvement in the past 
few years, a result due in part to the competition among manufacturers, partly 
te the increasing knowledge of the requirements of the industry among buyers, 
and in large measure to the insurance interests of the country. Within the past 
three years the fire insurance companies in the United States, through the 
National Board of Fire Underwriters, have organized a laboratory at 67 E. 21st 
Street, Chicago, Ill., at present in charge of Mr. W. H. Merrill, for the examina- 
tion of all fire hazards and fire prevention devices, which naturally includes 
acetylene apparatus. Acetylene generators constructed in accordance with the 
rules of the committee, and upon passing prescribed tests, are placed upon the 
so-called “List of Permitted Machines,” which placement is in most eases followed 
by the consent of the insurance companies to the installation of that apparatus 
within insured premises with no addition to the rate of insurance. 

During 1901 the Engineers’ Committee of the Board increased the requirements 
relating to acetylene apparatus and a systematic re-examination of previously 
permitted machines was vigorously enforced, which resulted in the removal from 
the “permitted list” of 79 machines. This, with the addition of 34 new ones, 
brought the net total on the list at the close of the year to 100. Late in 1901 a 
standard for the examination of acetylene table lamps and other portable appa- 
ratus was adopted by the Engineers’ Committee, under which an acetylene lamp 
to be placed upon the permitted list must be practically free from fire hazard. 
Une table lamp was placed upon the permitted list, and its rapid introduction 
was promptly begun by the manufacturer, as a pronounced demand has always 
existed for a lamp of this character. 

The United States Post Office granted during the year 129 patents for 
acetylene apparatus, making a total of 959 patents in this class. 

In Hurope the manufacturers of acetylene generators have confined themselves 
almost exclusively to machines of the non-automatic type, in most of which enough 
carbide is fed into the water in the machine, by hand, to generate a sufficient 
supply of gas to last during the daily lighting hours. This plan requires the 
use of a holder of sufficient capacity to contain gas for a maximum requirement 
of 24 hours. Generators of this type, however, are not installed in the buildings 
to be lighted. Automatic generators in Europe are comparatively crude, and 
none are sufficiently well designed or constructed to pass the requirements of 
the insurance interests of the United States. Usually automatic machines require 
some extraneous source of power for the operation of the feeding mechanism, 
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which complicates the operation. It is noted that most generators are equipped 
with chemical purifiers to remove impurities from the acetylene produced from 
carbide manufactured in Europe, while in America purifiers are not used, a 
distinction probably due to the difference in the purity of the raw material 
procurable in the two countries for the manufacture of carbide. 

Lamps.—In England and Germany many portable acetylene lamps are manu- 
factured, particularly for automobiles, carriages and bicycles, although a portable 
lamp for indoor use has not yet been marketed. In America, the passing of 
the general use of the bicycle, has greatly diminished the use of acetylene in port- 
able lamps; but the introduction of table lamps and apparatus for automobile and 
carriage lighting, bids fair to take the place of the large consumption previously 
absorbed by bicycle lamps. 

Car Lighting.—During the year the use of acetylene for lighting railroad pas- 
senger cars has greatly increased throughout Europe and America, and experi- 
ments were conducted in coach or in engine lighting by many railroads in the 
United States. In Germany, where the greatest quantity of acetylene is used 
for coach hghting, the Government railroads use it as an enricher for gas of low 
candle power, the resultant mixed gas containing about 25% acetylene and 75% 
cf a gas made from shale. It is estimated that 5,500 tons of calcium carbide 
is consumed annually in Germany for making acetylene for car lighting purposes. 
In German practice the mixed gases are compressed in storage tanks under the 
cars at about 150 lb. per sq. in. The gas is handled and utilized in a similar 
manner to the Pintsch oil-gas for lighting cars. 

In the United States most of the experimenting with acetylene car lighting has 
been confined ‘to the use of automatic generators located within the car to be 
lighted. Four separate concerns are exploiting this system of car lighting in the 
United States, one of which has introduced generating and compressing plants 
for the lighting of cars with acetylene from central stations, using storage tanks 
on the cars for the compressed gas. Apart from Germany there has been little 
commercial progress made in the use of acetylene for car lighting in Europe. 

The Great Northern Railroad in the United States has 75 passenger coaches 
lighted by this gas, and 80 additional cars are being equipped with the apparatus. 


The system in use consists of compressing acetylene to 150 Ib. per sq. in., storing 


the compressed gas in tanks under the cars, and providing against accidents from 
dissociation in case of fire by the use of connections which fuse at a low tem- 
perature. 

Acetone.—The use of acetone? as an absorbent in connection with acetylene 
has received much attention during the year, particularly for car lighting, and 
several coaches on a prominent railroad in the United States are lighted experi- 
mentally by this method. By using a storage tank filled with acetone, the volume 
of acetylene which can be stored therein is increased once for each pound pressure. 
Excellent results were obtained by placing the acetone in storage tanks filled with 


1 Acetone is a colorless mobile liquid which boils at 56°3°C., mixes with water in all proportions, and is an 
excellent solvent for the gases of the hydrocarbon series. It may be produced commercially according to the 
Squibb method by passing acetic acid vapor through a rotating iron cylinder, heated to 500° to 600°C., which 
contains pumice stone and precipitated barium carbonate. A cruder method of production is from the dry 
distillation of calcium acetate. 
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porous brick to facilitate the absorption. An additional advantage is claimed for 
the porous brick, in that dissociation is localized in the event of its occurrence. 
While the method of storing acetylene in acetone was developed in France, its 
commercial development has made but little progress in that country. 

Power and Fuel Purposes.—The use of acetylene for power or other fuel pur- 
poses has made but little progress and it is improbable that the general use of 
acetylene in this field will advance, unless for some special power purpose, as 
an automobile motor. Notwithstanding the economy in the use of acetylene as 
an illuminant, it cannot be used economically as a fuel, for its heating value is 
not in proportion to the cost per 1,000 cu. ft. or other unit of value of other fuels. 

Central Plants for Illwmination.—During 1901 small municipalities and local 
capital have investigated the feasibility of supplying acetylene from centrally situ- 
ated plants to consumers located within reasonable distances. In France the in- 
troduction of these plants has made rapid progress. Forty central plants are 
reported in operation in that country of which 15 are constructed on the Turrs 
svstem for the distribution of gas. This system provides for the distribution of 
the gas through 0°5-in. to 2-in. lead pipes with wiped joints, with the gas com- 
pressed to about 0°5 lb. per sq. in., an unusually high pressure, but one that is 
necessary on account of the small size of the pipes. It is claimed that the cost 
of lead-pipe construction does not exceed the cost for wrought or cast-iron gas 
mains, and the very important element of leakage is eliminated. The Turrs plants 
are erected and operated by a private corporation which is reported to have been 
very successful. 

There are 36 town-lighting plants in operation in Germany, and six in Eng- 
land, while in America 40 plants are in operation or under construction. These 
figures do not include a few large plants which furnish acetylene to groups of 
buildings, but which cannot fairly be designated as town-lighting plants. 

The use of acetylene throughout the world is confined to illumination, its use 
for chemical or other purposes being practically negligible. Probably 65% of the 
world’s consumption of acetylene is in individual plants for lighting single build- 
ings, most of which are located beyond the reach of gas or electric companies sell- 
ing illumination even at the low figures prevailing in the large cities. 

Publications—A number of periodicals devoted exclusively to the acetylene 
industry are published regularly, three in Germany, two in France, two in Eng- 
land, and one in the United States. In addition many trade papers devote con- 
siderable space to this important industry. 

Exhibits —At the Pan-American Exposition at Buffalo, N. Y., was an elaborate 
exhibition and display of acetylene and its appliances. The acetylene building 
was specially constructed and illuminated with 5,000 jets, many being on the 
exterior. ‘The educational advantages of this display of acetylene apparatus have 
since been felt by the industry. In addition to the acetylene building, others in 
the Exposition were lighted by acetylene, principally the large railroad station 
and the transportation building. ‘The central plant supplying all buildings had a 
daily output of 10,000 cu. ft., and at that time was the largest acetylene installa- 
tion in the world. 

The annual meeting of the International Acetylene Association was held at 
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Buffalo, June 20 and 21, 1901, within the grounds of the Pan-American Exposi- 
tion, and the complete proceedings, including all papers read, were published as 
« supplement to The Acetylene Gas Journal. 

Calcium Carbide.—During 1901 practically no increase was made to the world’s 
calcium carbide manufacture. In previous years the demand was so far antici- 
pated that even at the close of 1901 the manufacturing capacity was at least 
four times greater than the market requirements. This condition of over produc- 
tion was universal, with the possible exception of Great Britain, and was most 
noticeable in countries where private ownership of patents did not restrict the 
erection of plants. The extraordinary rate at which plants for manufacturing 
this product were erected may be attributed to several causes, chief among which 
are (1) a spasmodic demand, making it utterly impossible to judge future re- 
quirements, (2) a universal belief that the profit in manufacturing this product 
is very large, (3) the activity of manufacturers of electrical apparatus seeking a 
market for their goods but without direct interest in the permanency of the car- 
bide business, (4) a general lack of appreciation of the fact that the demand 
for carbide is dependent primarily upon the progress of the business of intro- 
ducing acetylene apparatus for illuminating purposes. 

On the Kuropean continent, allowing a reasonable rate of increase in the con- 
sumption of acetylene, it will probably require 10 years before the demand for 
calcium carbide equals the present manufacturing capacity. It is evident as well 
that without improved processes the present plants will not meet future trade 
requirements. 

Plants for the manufacture of calcium carbide are located in the principal 
countries as follows: Germany, 7; Austria, 8; Spain, 2; Italy, 4; Norway, 3; 
Sweden, 4; Switzerland, 13; France, 21; Finland, 2; Russia, 2; England, 2; 
United States, 2; Canada, 2; Argentine Republic, 1; total, 73; and in the 
aggregate 254,350 H.P. is installed for the manufacture of this product, of which, 
however, but 63,900 H.P. is in use at present. 

The association of calcium carbide manufacturers in Germany, Switzerland, 
Austria and Sweden, formed late in 1900, with central sales office at Frankfort, 
has been disbanded, but a second attempt is now being made to regulate the 
production of carbide in Germany. 

Markets.—During 1901 a decided increase in the selling price of calcium 
carbide was made on the European continent, due to the formation of a syndicate 
of manufacturers which was organized for the purpose of limiting production 
and maintaining prices, a plan necessary on account of previous competition and 
ruinous prices. The syndicate is said to include all the manufacturers in Europe 
except those in Great Britain and Italy. Previous attempts to maintain similar 
arrangemeints in the same territory failed for lack of complete co-operation. The 
realization of the absolute necessity for maintaining prices and the apportionment 
of the actual demand, bids fair to maintain the present combination. The selling 
prices to dealers of the Continent, established at the time of the formation of 
the syndicate, were about $71°50 per ton, including packages, f. 0. b. several dis- 
tributing points. Owing to competition, this price was quickly reduced to about 
$64-25 per ton, where it will probably remain. 
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In the United States a radical change in method of distribution was adopted, 
which resulted in a uniform price for carbide over practically all the section east 
of the Rocky Mountains. This was accomplished by the establishment of ware- 
houses at all important centers which supphed carbide at $70 per ton including 
packages, f. 0. b. cars at each of the distributing points. As a result large reduc- 
tions were made in the cost to consumers, amounting in some sections to nearly 
$25 per ton. 

Tariff—The United States exacts an ad valorem duty of 25% upon importa- 
tion of calcium carbide; Canada, 25%, while Germany, Belgium, Greece, Nether- 
lands, and Norway admit it free. The following ad valorem duties are assessed 
on production: Bulgaria, 14%; Denmark, 10%; France, 5%; Sweden, 15% ; 
lialy exacts a specific duty of $21-80 per ton and Switzerland, $14°52. 

Transportation.—In Europe, while there are no special regulations by the trans- 
portation companies as to the package in which calcium carbide shall be shipped, 
the material is nevertheless considered hazardous and freight rates are levied ac- 
cordingly. The railroad companies in the United States specify weight and 
construction of packages, and classify the material so that reasonable freight rates 
prevail. 

Furnace Practice.—In Europe the prevailing custom is to remove calcium car- 
bide from the furnaces by the so-called “tapping” process, while in America the 
ingots are taken directly from the furnace. It is now conceded that a more 
uniform quality can be produced by the latter method, and the greater purity of 
the raw materials in America yields a higher grade of calcium carbide than that 
generally produced in Hurope. 

Sizes of Carbide.—Various devices for generating acetylene gas have required 
the carbide to be crushed and screened to different sizes in order to insure a satis- 
factory operation of the apparatus. The manufacturers in Great Britain furnish 
nine sizes varying from pieces 0°5 in. to 5 in. in size. Germany has three com- 
mercial sizes; Austria, four; America four, and Canada four. The smaller sizes 
produce proportionately less gas than the larger ones, due to the losses in acetylene 
owing to increased aggregate surface exposed during packing and handling. Be- 
cause of the comparative ease of construction of a mechanism to feed the smaller 
sizes of carbide automatically, it is noted that the generator manufacturers are in- 
clined to construct generators on this plan. This sacrifice of efficiency, however, 
is leading to the manufacture of apparatus which will handle the larger sizes 
successfully. 

Quality of Carbide.—The manufacturers in Great Britain and in the United 
States guarantee a yield of 5 cu. ft. of acetylene gas per pound of the larger size 
carbide. In France there is no guarantee or legal regulations, and the quality 
is said to vary from about 4°75 cu. ft. of gas per pound to 3°70 cu. ft., the general 
average being probably 4°34 cu. ft. 

In Europe the standard of quality is 4°81 cu. ft. of gas per pound of carbide, 
though in many cases the yield is below that figure and an allowance is made ac- 
cordingly. 

In Germany rules have been adopted which provide that the average yield from 
a given package shall be 4°65 cu. ft. of gas per pound at 15°C. and at 29-92 in. 


, 
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barometric pressure, 2% variation from the standard being allowed. The buyer 
is obliged to accept carbide yielding as low as 4°25 cu. ft. of gas, although a pro- 
portionate allowance is made. Material yielding under 4°25 cu. ft. per pound 
need not be accepted. Specific means for taking samples and making tests are 
provided. 

A broad view of the carbide and acetylene industries indicates a steady and 
healthful growth upon legitimate lines and at only fair manufacturers’ profits. 
Most of the false impressions concerning the possibilities of the business have been 
corrected, and the losses which have been sustained will probably deter over- 
production and ruinous competition in the future. 


CARBORUNDUM. 


THE carborundum industry during 1901 continued to show great progress, 
and the sole manufacturer using two units of 1,000 H.P. each, produced 
3,838,175 Ib. of crude carborundum, valued at $345,435, as compared with 
1,741,245 lb., valued at $216,090 in 1900. Of the production in 1901, 1,414,694 
lb. was used in the company’s factory for the manufacture of wheels, paper, cloth, 
etc. ; 487,682 lb. was sold in the form of grains and powders for abrasive purposes ; 
and 1,693,774 lb. was disposed of to steel makers for use as a substitute for ferro- 
silicon. A very conservative estimate of the relative values of carborundum and 
emery for abrasive purposes makes 1 lb.-of the former equivalent to 3 lb. of the 
latter and from this it follows that carborundum as an abrasive replaced, last 
year, about 5,700,000 lb. of emery. Assuming that ferro-silicon averages 15% Si, 
4 1b. of that material is replaced by 1 lb. of carborundum, so that the carborundum 
produced in 1901 replaced about 6,800,000 lb. of ferro-silicon. 

The consumption of carborundum is increasing so rapidly that preparations are 
being made to install an additional 1,000-H.P. unit in the factory at Niagara 
Falls, an increase which will give a total annual production of approximately 
5,800,000 Ib. of carborundum. 

It is interesting to note that in the original patent for carborundum, stress 
was laid on its great “refractability and infusibility’—two valuable properties, the 
practical value of which is now beginning to be recognized. 


CEMENT. 


THE production of Portland cement in the United States during 1901 exceeded 
that of the previous year by 4,719,586 bbl., the increase coming almost entirely 
from the Portland cement mills of Pennsylvania, New Jersey and Michigan. ‘The 
production of natural hydraulic cement during 1901, however, decreased 
2,000,000 lb. from that of 1900, and the output of slag cement also showed a 
large proportionate decrease. 


PRODUCTION OF PORTLAND CEMENT IN THE UNITED STATES. (IN BARRELS OF 
400 LB.) 


1900. 1901. 


Value at Works. Value at Works. 


Barrels. Total. |Per Bb. | Bates. Total. | Per Bbl. 


146,848 $513,968 
1,025,718 1,128,290 
1,612,000 1,450,800 

617,228 617,228 

519,852 571,887 
7,091,500 6,382,350 

(b) 


(c) 
1,698,079 1,867,887 


(OM icra RRNA aAeRAG Merron nto 5 $122,200 
Michigan 59 831,786 
New Jersey......2-+++ a westaleletererelore ese 1,564,700 

46,66 611,930 
; 752,591 
Pennsylvania, 7. 5,961,503 
South Dakota : 80,000 
143,000 
258,000 394,200 


e. 
Wee HED 


Leet 3) 
wS% 
aoc 


7,991,689 | $10,461,910 | $1-31 | 12,711,225 | $12,582,360 


(a) Includes Arkansas, Illinois, Indiana, Kansas, Virginia, North Dakota, and Texas. (b) Included in Other 

States. (c) Included in California. 
PRODUCTION OF NATURAL HYDRAULIC CEMENT IN THE UNITED STATES. (IN : 
BARRELS OF 300 LB.) 


1900. 1901. 


States. Value at Works. Value at Works. 


Barrels. Barrels. 
Total. Per Bbl. Total. Per Bbl. 


Tilinois 377,579 $116,500 $031 469,842 $187,936 $0°40 
Indiana and Kentucky. . 8,488,392 "732,562 2 2,150,000 752,500 0°35 
127,339 50,933 : 145,760 72,880 0°50 
Maryland 195,242 80,418 : 351,329 175,665 0°50 
Minnesota 56,403 28,201 : (b) 126,000 63,000 0°50 
New York: 
Ulster County 2,745,000 2,333,250 8 1,184,007 
Onondaga County 139,765 4s : 141,622 1.117.066 
Schoharie County............... Nil. il. il. 62,702 eae 
749,890 : 663,800 
182,000 
: (c) 104,000 
Pennsylvania ; 5 : 942,384 
Virginia ; 5, i 6 (d) : 
Wisconsin : : 481.020 182,788 
Other States (a) ‘ z 80,357 65,089 


9,177,222 $4,308,709 7,084,823 $3,056,278 


(a) Includes Georgia, Tennessee, West Virginia, Texas and Nebraska. (b) Includes North Dakota. (c) In- 
cludes Virginia and West Virginia. (d) Included in Ohio. 
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Slag Cement.—The output of slag cement was 272,689 bbl., of 400 lb., valued 
at $198,151, against 490,150 bbl. ($622,490) in 1900. The average price de- 
clined strongly, in order to meet the competition of Portland cement which, in 
addition to its superiority for most purposes, sold at very low figures in the large 
manufacturing centers. There were six plants in operation, the same as in the 
previous year. By the decision of a board of engineers officially appointed, it 
has been decided that “Steel Portland Cement” cannot be substituted for Port- 
land cement in government work where the specifications call for the latter, but 
is to be classed as puzzolana slag cement. The slag cement industry of the 
United States is given in detail in the special monograph by Mr. EH. C. Eckel, 
later in this section. 


CEMENT PRODUCTION, IMPORTS, EXPORTS AND CONSUMPTION IN THE UNITED 
STATES. (IN BARRELS OF 300 LB.) 


Production. Imports. Exports. (6) Consumption. 
Year. ia we eee SSS ———————— 

ea é Forest Bhs Value. | Barrels.| Value. | Barrels| Value.| Barrels. | Value. 
TB OT resis 7,890,573 3,294,537] 11,185,110] $7,760,955! 2,787,766) $2,688,122) 79,583|$108,389] 18.893,293! $10,345,688 
TSS ceases 8,161,078 4,989,664) 13,150,742] 10,223,822) 2,685,092) 2,624,228) 70,892} 98,121] 15,764,942) 12,749,929 
1899) eee. 9,686,447 } 8,067,161] 17,753,608; 15,860,731) 2,810,951) 2,858,286) 147,029) 213,457) 20,417,530) 18,505,560 
TODO 7 serene 9,177,222 | 11,309,052! 20,486,274) 15,393,109 3,182,245) 3,330,445) 186,586) 289,186] 23,481,933) 18,434,368 
1901.....- 7,084,823 | 12,983,914) 20.068,738} 15,588,638 939, oa 1,305,692| 417,625} 752,057) 20,590,442) 16,142,273 

(a) Includes slag cement. (b) Includes re-exports of foreign. 


IMPORTS OF CEMENT INTO THE UNITED STATES ACCORDING TO SOURCE. 


Belgium. Canada. France. Germany. 

Year. ae - SS SE SN 

Short Tons.| Value. |ShortTons.| Value. {Short Tons.| Value. |ShortTons.| Value. 
aS AS RRR D OOS 109,531 $649,675 981 $9,311 7,545 $44,574 221,856 $1,467,845 
WBOB. Vetere 133,806 80,949 955 8,852 8,459 22,224 206,982 1,394,551 
VS99 Sis en cents 124,830 747,448 880 8,868 8,130 22,262 238,799 1,693,722 
TODO Skea wies te 165,258 1,001,122 903 9,396 6,542 47,793 231,110 1,722,104 
TOO oi arersrcisieis 60,636 377,517 1,218 12,180 2,354 20,421 111,008 804,710 

United ee Other Countries. Total ee Exports. (a) 

Year. : = = a 1 - 

Short Tons.| Value. |/ShortTons.| Value. |ShortTons.} Value. |Short Tons.| Value. 
TROT rics. bcawss 68,869 $451,256 9,380 $65,461 418,165 | $2,688,122 11,937 $103,389 
DOB YS assests ata 47,212 333,405 10,350 64,247 402,764 2,624,228 10,633 98,121 
W809: staiare 89,927 309,614 14,112 76,372 421,643 2,858, 286 22,054 213,457 
TQ0O reassess 53,584 416,937 19,939 183,093 477,337 3,330,445 27,988 289,186 
TOO Vee tices 7,478 58,570 5,177 82,294 187,866 1,305,692 83,525 752,057 


(a) Estimated from number of barrels reported at 1 bbl.=4001b. Includes re-exports of foreign. 


Tue CEMENT INDUSTRY IN THE UNITED STATES DURING 1901. 


By FREDERICK H. LEwIs. 


PortLAND CEMENT.—The production of Portland cement during 1901 pre- 
sented the same extraordinary conditions as those which prevailed during the 
previous year,—an enormous output, extremely low prices, and a number of new 
plants projected or under construction in various parts of the country. The out- 
put was considerably larger than that of the previous year, and the. stock of 
cement on hand at the end of 1901 was undoubtedly smaller than at the end of 
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1900. With the enormous amount of construction work in view in all parts of the 
country, it seems probable that the output for 1902 will be wholly absorbed and 
better prices will be realized than for two years past, a result much to be desired, 
as profits of manufacture have been unsatisfactory; indeed the smaller and less 
favorably located plants have had no profits for several years 

While nothing new or novel has developed in the process of manufacturing 
cement in the United States, the general tendency has been to bring greater me- 
chanical skill to bear on the development of the industry. In recent years the 
expert mechanical engineer has found an extremely interesting field of work in the 
improvement of facilities and details for the manufacture of Portland cement, and 
the economies realized have been due almost entirely to the skill which has been 
applied along this line. 

The rotary kiln process has become permanently established as the distinctive 
American method of making cement, although it has also been used to a consider- 
able-extent abroad. The reports of the operation of rotary kilns at the Hemora 
plant in Germany indicate that it is quite successful in working wet materials 
and that the product is decidedly superior to that produced by the continuous 
shaft kilns previously in use. 

The report on cement of Messrs. Stanger & Blount, which was read before the 
Institution of Civil Engineers, and the discussion thereon form a very interesting 
and valuable contribution to the industry. Messrs. Stanger & Blount were em- 
ployed as experts by an English syndicate to examine into the American rotary 
process of making cement, particularly with reference to the work of the Atlas 
Cement Co., which uses certain devices patented by Messrs. Hurry & Seaman, 
in this country and in England. The English syndicate was organized to purchase 
the English patents of the devices and to use them in a very large plant or a series 
of plants promoted chiefly by the old English cement firm of J. B. White & Qo. 
Whether the rotary process will be successful under the English conditions of 
materials, labor, and fuel remains to be seen, but it seems quite evident that it 
will be tried on a large scale in the near future. The success of the rotary kiln 
process for wet materials in America is not yet firmly established or clearly 
demonstrated. In England and the Continent the cost of fuel at the present 
time is undoubtedly higher than it is in America, and the success or failure of 
applying this process abroad, on wet materials, will be watched with much in- 
terest. 

The quality of the domestic Portland cement marketed in the United States 
during 1901 was superior to that produced in previous years, as well as being of 
better quality than the foreign brands of this commodity ; a fact which has been 
fully confirmed by tests and analyses. This has resulted from the increased appli- 
cation of the rotary kiln on raw materials, equally as good as those used abroad. 

The methods of testing Portland cement and the proper requirements of 
specifications for this product, still remain a vexed question. 'The committee 
on the methods of testing appointed by the American Society of Civil Engineers, 
under the chairmanship of Prof.’ George F. Swain, has done very conscientious 
work during 1901 in the endeavor to develop acceptable rules. The subjects under 
discussion have been divided among the members of the committee, and numerous 
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special reports have been presented and discussed. At the close of the year the - 
matter was in sufficient shape to make a preliminary draft of the method of tests, 
which will be further developed and improved during the year 1902, and will 

_ probably be reported to the Society at the close of that year. Undoubtedly the 

' methods proposed, if adopted by the Society, will be very generally adopted by the 
engineering profession and will result in a much greater uniformity of tests and 
a much more general consensus of opinion in regard to the proper criteria to be 
used in judging the quality of Portland cement. 

The New York section of the Society of Chemical Industry appointed a com- 
mittee in April, 1901, to report on “Uniformity in Technical Analysis.” This 
committee appointed a sub-committee to deal with the methods of analysis of 
materials pertaining to Portland industry, with Mr. Clifford Richardson as chair- 
man, and the co-operation of 17 representative chemists was secured, all of whom 
analyzed the same samples of materials and reported to the chairman. The results 
obtained were subsequently reviewed by Mr. W. F. Hillebrand, of the United 
States Geological Survey, and together with the methods of analysis suggested 
by Mr. Hillebrand, were reported to the Society on December 20, 1901. The 
value of this report can hardly be overestimated, and its advantages to chemists 
engaged in this industry as a basis of standardizing their work will be very gen- 
erally recognized. On account of the length of the report, it is not practicable to 
include even an abstract of it in these pages, and reference should be made direct 
to the original publication. 

New Plants in Operation.—In Alabama, the Alabama Portland Cement Co., 
at Demopolis, placed three rotary kilns in operation, using argillaceous limestone. 

In Michigan, the Newago Portland Cement Co. operated a 3-kiln plant at 
Newago, on the Muskegon river, using marl and clay in the manufacture of 
cement, and utilizing the water power of the Muskegon river for power purposes. 
The Alpena Co., at Alpena, has a plant of rotary kilns. 

In New Jersey the new 10-kiln plant of the Alpha Cement Co. went into opera- 
tion. 

In New York, the Helderberg Cement Co., at Howes Cave, Schoharie County, 
placed a new plant in operation during 1901, of a nominal capacity of 1,500 bbl. 
per day. The raw materials are hard limestone of the Water Lime Group in 
New York State, and clay. The Glens Falls plant, which was destroyed by fire 
a year or two ago, was rebuilt and placed in operation. 

In Pennsylvania, the Northampton plant, in Northampton County, operated 
with six standard rotary kilns, and the American Cement Co., at Egypt, placed 
several new rotary kilns in operation during the year. 

Plants Proyected or Under Construction.—In California, the Pacific Port- 
land Cement Co. has under construction a modern rotary-kiln plant at Suisun, 
where there is a large deposit of pure limestone which will be utilized in con- 
nection with a blue-clay deposit in the marshes of that vicinity. The Pacific 
Co. will place three kilns at once, so arranged that seven additional kilns can 
be installed. Electric power developed from water power will be used through- 
out, and the fuel will be petroleum oils from southern California. The plant 
will be equipped with modern machinery and, as it will be operated under 
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the most advantageous conditions for power and kiln-fuel for this locality, 
it is expected to make cement at a moderate cost, and to be able to reduce 
its price on the Pacific coast to a more reasonable figure than that now main- 
tained. The Eureka Portland Cement Co. is reported to be building, or about 
to build, a plant in the same locality. The California Cement & Lime Co. has 
been incorporated with the idea of building a cement plant in San Joaquin 
County, not far from Stockton. The only plant in operation at present in Cali- 
fornia is that of the California Portland Cement Co., at Colton. This plant 
operates two rotary kilns on hard limestone and soft clay. 

In Colorado, the Colorado Portland Cement Co. and one other propose to erect 
plants near Florence. 

In Indiana, the Lehigh Portland Cement Co. has under construction an 8-kiln 
plant at Mitchell. The materials to be used are hard limestone and clay. 

In Michigan, the Great Northern Portland Cement Co. has under construction 
a large plant at South Baldwin, and the Bellaire Portland Cement Co. has 
been organized at Bellaire. 

In Missouri, at Hanover, the Atlas Portland Cement Co. has purchased a 
tract of land and placed under construction a large plant to handle its Western 
trade. The material is hard limestone, which will be used with a suitable mixture 
of clay to produce a Portland cement. The St. Louis Portland Cement Co. is 
building a plant at Prospect Hill, near Baden. 

In New Jersey the Edison Co. has a large plant projected at Stewartsville, 
which is expected to place cement on the market during 1902. The Capital 
Portland Cement Co. has been incorporated, and is reported to have purchased 
land near the Edison plant, at Stewartsville, for the erection of a large plant. 
The Marksboro Portland Cement Co. has projected a plant at Marksboro, Warren 
County, to use marl from White Lake. 

In New York, the plant of the Alsen American Co., on the west bank of the 
Hudson river, near Catskill, has been under construction during the year and 
will probably go into operation in the spring of 1902. It is stated to be a well- 
equipped American plant with the improved features of an European plant. 

In Pennsylvania, the Lehigh Co. has started the erection of a third plant of 
eight kilns near Ormrod. 

In Texas, at Dallas, a plant has been projected to manufacture cement for the 
Southern trade. 

In Virginia, the Virginia Portland Cement Co., at Craigsville, has placed con- 
cracts for doubling its original plant, and the enlarged plant is expected to be in 
operation during the summer of 1902. 

In West Virginia, the Buckhorn Portland Cement Co., at Rollsburg, has still 
been unable to complete its plant, owing to financial difficulties which required 
the plant to be sold by a receiver. In all probability this plant will ultimately be 
completed and will become a feature in the market. 

Tn addition to the above projects, several others in various parts of the country 
have been reported, particularly in the South, but the information is not suffi- 
ciently: definite to warrant notice. 
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In Canada, the National Portland Cement Co. is reported to be building a 
large plant at Durham, Ont., with offices in Toronto. 

Naruran Hyprautic Cumunt.—There has been a very large sale of natural 
cement during 1901 and an increase in production. The Pennsylvania plants, 
having a natural raw material which can be utilized for this purpose, are in- 
creasing to some extent their facilities for making natural cement, and plants 
which have not produced it heretofore are now taking up its manufacture. The 
Vulcanite Co., at Vuleanite, N. J., is reported to be building, or about to build, 
natural semen kilns. A very erpelies grade of American cement is made from 
a mixture of Portland and natural cement, which can be sold at a considerably 
lower price than for Portland cement alone. In the Ulster County, N. Y., district 
some consolidations of interests are reported. In Alabama, the Chickamauga 
Cement Co. is reported to be building a large plant at Rossville, Ga. 
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THE Stag Cement INDUSTRY IN THE UNITED StiTES DURING 1901. 
By EpwiIn C. ECKEL. 


At the present time blast-furnace slag is used in three very different ways in 
cement manufacture and the methods should be sharply distinguished, as the 
resulting products are widely different in their properties. The uses of slag 
referred to are the following :— 

(1) Granulated basic blast-furnace slag is intimately mixed with slaked lime, 
and the mixture is pulverized, giving a slag cement. This product, though 
usually called a Portland cement by its manufacturers, is unlike a true Port- 
land in both its ultimate and rational compositions and in the processes through 
which it has passed. Further than this, and more important from the engi- 
neer’s standpoint, a cement of this class has certain, qualities which prevent its 
being used as an exact substitute for a Portland cement. About half a dozen 
plants are engaged in the manufacture of this material in the United States, 
while a large number of works make it in England and in continental Europe. 

(2) Slag is mixed with limestone; and the mixture pulverized, calcined and ~ 
reground, giving a true Portland cement. The “Universal” Portland brand of ' 
the Illinois Steel Co. is made in this manner, and the process is becoming 
somewhat largely employed in continental Europe, though it does not seem to 
have taken root in England. Absolutely no objections can be urged against 
cements produced in this fashion, for in composition, methods of manufacture 
and qualities of the product they agree entirely with Portland cements made 
from limestone or marl and clay. 

(3) Powdered slag is added to Portland cement, either after the clinker has 
been ground, or during the final stages of the grinding. In this case the slag 
is used merely as an adulterant. While it seems certain that it can be of no 
benefit to the cement, it is almost equally certain that it is not actively detri- 
mental. In fact, were the mixing and the grinding managed carefully enough, 
the resulting product might be regarded as falling approximately in the class of 
sand-cements. As it is, however, the case is simply one of adulteration carried 
on in order to decrease the cost of the product. 

In this connection another use of slag should be referred to, though in this 
case the slag is added by the engineer, not by the manufacturer, and serves a 
distinctly useful purpose. The use alluded to is:— 

(4) The addition of slag to Portland cement intended for use in sea water. 

The following paper is confined strictly to a discussion of the material pro- 
duced by the first mentioned use of slag resulting in a slag cement, of the class 
of pozzuolanic cements. 

Slag cement is composed of an intimate mechanical mixture of slaked lime 
and granulated blast-furnace slag of suitable chemical composition; both ma- 
terials being finely pulverized before,-during or after mixing. The process of 
manufacture includes the granulating and drying of the slag, the slaking of 
the lime, the mixing of these materials and the grinding of the resulting cement, 
together with any means which may be employed for the regulation of the set- 
ting time of the cement. 
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The seven (or eight) slag cement mills operating in the United States adver- 
tise their product as Portland cement, a position which seems to be indefensible, 
even from the point of view of sound business policy. Slag cements possess some 
qualities which Portlands lack ; and could, it would seem, be sold on their merits. 
So far as cost of manufacture is concerned, slag cements can be sold at lower 
prices than “natural” cements, though they are generally quoted at much higher 
rates. 

The slag cements manufactured in this country are far superior to those of 
Europe in tensile strength, soundness, ete. Regulation of set is invariably prac- 
ticed, the result being that American slag cements set as rapidly as Portlands. 
Most cf the American plants are directly connected in ownership, with iron com- 
panies. This is necessary if a supply of proper slags is to be obtained. 

Composition of the Slag—The slag used in cement manufacture must be basic 
blast-furnace slag. Tetmajer, the first investigator of slag cements, announced 
as the results of his experiments (a) that the hydraulic properties of the slag in- 
creased with the proportion of lime contained in it, and that slags in which the 


08) : 
ratio SO was so low as to approach unity were valueless for cement manufac- 
i 


ture; (b) that, so far as the alumina content of the slag was concerned, the 


Al,05 


best results were obtained when the ratio gave a value of 0°45 to 0°50; 


10, 
and (c) that with any large increase of alumina above the amount indicated by 


this value of the alumina-silica ratio, the tendency of the cement to crack (when 
used in air) was increased. 

Prost, at a later date, investigated the subject, using for experiment several 
commercial slags and also a series prepared from pure CaO, SiO,, and Al,O,. 
He decided that the hydraulic properties (both as regards rapidity of set and ulti- 
mate strength) of the slag increased as the proportions of lime and alumina in- 
creased; and failed to find any indication that a high alumina content causes 
disintegration. His best results were obtained from slags having the composi- 
tions respectively of 2Si0,, Al,O,, 3CaO and 28i0,, Al,O,, 4Ca0. 

Mahon, in 1893, made a series of experiments to determine the value (for ce- 
ment manufacture) of a large series of the slags produced by the furnaces of the 
Maryland Steel Co.; and found that the slags giving the bast results were two 
having respectively the following compositions :— 

(1) SiO,, 30%; Al,O,, 17% ; CaO, 41°5% ; S, 2°38% ; and (2) SiO,, 25°3% ; 
Al,O,, 20°1% ; CaO, 48%; MgO, 3°28%; S, 2°63%. 


The ratios of ca and anDe calculated for these slags are:— 
(1) Oe 2 1-58; AlOs_9.57; and (2) Ga0 19: AlOs _ 9.79, 
SiO, sid, SiO, SiO, 


At the close of the experiments Mahon recommended that slags be used even 
slightly higher in alumina than those above quoted. s 

The specifications under which slag from the furnaces is accepted by the cement 
department of the Illinois Steel Co., are :— 
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(1) Slag must analyze within the following limits :— 

Si0,+-Al,O, not over 49% ; Al,O;, from 13 to 16% ; MgO, under 4%. 

(2) Slag must be made in a hot furnace and must be of a light gray color. 

(3) Slag must be thoroughly disintegrated by the action of a large stream of 
cold water directed against it with considerable force. This contact should be } 
mace as near the furnace as is possible. | 

A series of over 300 analyses of slags used by this company in their slag (poz- 
zuolanic) cement, show the following range in composition :— 

Si0,, 29°60 to 35°60%; AI,O, and Fe,0;, 12°80 to 16°80%; CaO, 47:99 
to 50°48% ; MgO, 2°09 to 2:81%. 

The requirements of the Birmingham Cement Co. as to the chemical compo- 
sition of the slags used for cement are: that the lime content shall not be less 
than 47-990 ; that the silica and lime together shall approximately amount to 
81% ; and that the alumina and iron oxide together shall equal from 12 to 15%. 

Analyses of a number of slags used in cement manufacture are shown in Table I. 
The analyses of foreign slags are quoted from various reliable authorities and 


the five analyses of the Illinois Steel Co. slags have been selected from a large 
<i ron) 
1 


. Ca 
series to show the extreme ranges of the different elements. The ratios an 
1 . 
Al,03 ; 
Shave been calculated for each slag and are shown in this table. 
1U, 


From these data it can be seen that the ratio of alumina to silica is carried very 
high at Choindez ; and is rather low at Chicago, relatively to most of the European 
eS ’ hee I 
plants. It must be remembered, however, that one reason for carrying a high 
alumina-silica ratio does not apply at Chicago, as there rapidity of set is gained 
by the use of the Whiting process. Taking these two plants as representative of 
the best European and American practice, the average of the analvses given shows 
Pp ? 8 


the ratios actually used to be: Choindez, Switzerland, ieee ae AhOs _ 9-90; 
Cad Al,O; SiO 2 SiO, 

and Chicago, Il., ——=1-49, ? ==0:44, 
SiO, SiO, 


These results may he compared with the theorctical ratios advised by Tetmajer, 
Prost and Mahon, and discussed on a previous page of the present paper. 


TABLE I.—ANALYSES OF SLAGS USED FOR MAKING SLAG CEMENTS, 
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Physical Condition of the Slag.—Slags allowed to cool slowly are only feebly 
hydraulic, whatever be their chemical composition, hence for use in the manu- 
facture of slag cement, they must be cooled very rapidly. In practice this is 
effected by bringing the slag, immediately upon issuing from the furnace, in 
contact with a stream of cold water. The physical effect of this sudden cooling 
is to granulate the slag into porous particles. The chemical effects are two in 
number: One, the reason for which is not yet well understood, is to make the 
slag (if it be of suitable chemical composition) energetically hydraulic; the 
other, is to remove a portion of the sulphides in the form of hydrogen disulphide. 
Both of these effects are beneficial, from the point of view of the slag-cement 
manufacturer, and the first is absolutely necessary. As the sulphides are prob- 
ably the cause of the disintegration of slag cement when exposed to dry air, the 
removal of even a part of the sulphur is a decided benefit. 

In regard to the physical condition of the slag, Candlot further states that “the 
slag issuing from the furnaces at the beginning and end of a discharge is usually 
rejected, because of the bad effect of the chilling which attends its slow movement. 
For the same furnace, the spongier and bluer the slag, the more basic it is; the 
blacker and more vitrified, the less fit for cement.” 

Proportions of Lime and Slag.—Prost, in consequence of his experiments with 
various proportions of lime, advocated the proportion, to secure the best results, 
of from 35 to 40 parts of lime to 100 parts of slag. He also stated that the 
amounts of lime used in actual practice, for each 100 Ib. of slag were: at 
Choindez, 40 to 45 lb.; at Donjeux, 40 lb.; at Brunswick, 33 lb.; and at Cleve- 
land, 33 lb. Mahon, in reporting his experiments for the Maryland Steel Co., 
states that the best results were secured by the use of 25 parts of lime to 100 
parts of slag, by weight. In the manufacture of slag brick, which is in reality 
merely a branch of the slag-cement industry, the amount of lime added may 
fall as low as 10 lb. to 100 Ib. of slag. 

Composition of the Lime.—According to Prost, there is no gain in tensile 
strength if hydraulic lime be used in place of common lime. There is, however, 
another benefit to be derived from this practice; for the cements made with 
hydraulic lime are less liable to fissure and disintegrate when used in air than 
are those in which a fat lime has been used. The lime used should not carry 
much magnesia, for this latter constituent, even though it may not be actively 
detrimental, is an inert material, and it should be thoroughly and evenly burned, 
as unburned lumps are of no service to the cement. It must then be slaked with 
care, as unhydrated portions would be actively detrimental. If possible, the slaked 
lime should not be used immediately, time being given for the air-slaking of any 
lumps which may have escaped hydration. The resulting material can best be 
mixed with the slag if given a preliminary bolting which process will remove 
both unburned cores and unslaked lumps. Frequently this sieving is followed or 
preceded by light grinding. 

Chemical Composition of Slag Cements.—The ultimate composition of the ma- 
terial will, of course, be brought out by chemical analysis, but the fact that it is 
merely a mechanical mixture will not be shown in the ordinary report of such an 
analysis. Slag cement, when ready for sake, is a mechanical mixture of lime 
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hydrate (Ca,(OH),) and a calcium aluminum silicate (2,Si0,,A1,0,,yCaO). 
In addition to the essential ingredients noted above, certain others of less amount 
usually occur. The most important of these in the effect it produces on the 
quality of the product, is sulphur, which is obtained from the slag in the form 
of sulphides of lime or iron. To the presence of these sulphides is due, in large 
part at least, the disintegration of slag cements when used in dry air. If the 
cement be used for construction in water, their presence is of much less impor- 
tance, and the total sulphides may run as high as 5% without seriously impair- 
ing the quality. Several per cent. of iron oxide obtained from the slag are com- 
monly present. Magnesia also occurs, derived from the slag or the lime. It is 
inert, if not positively detrimental, and the amount should therefore be kept as 
low as possible. 

In addition to the ingredients mentioned above, a percentage, usually small, of 
other compounds may be found, which have been added by the manufacturer dur- 
ing some stage of the process for the purpose of increasing the rapidity of set 
of the cement. These substances will be later discussed in the section relating 
to the means of hastening set. 

Table II. contains the analysis of a number of American and European slag 
cements, as given by various authorities. It will be seen that, despite the ap- 
parently great variations in practice, the ultimate composition of the finished 
cement falls within quite narrow limits. The range in composition of a good slag 
cement may be considered to be about: SiO,, 22 to 30%; Ai,O,+Fe,0,, 11 
to 16%; CaO, 49 to 52%; MgO, less than 4%; 8, less than 15% ; ignition 
loss, 2°5 to 75%. 


TABLE II.—ANALYSES OF SLAG CEMENTS. 
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MANUFACTURING MrtHops.—The preliminary preparation of the materials 1n- 
cludes the burning and slaking of the lime, and the granulating and drying of 
the slag. After these operations have been carried out, the materials may either 
be mixed immediately and the mixture ground to proper fineness in a series of 
mills; or the slag and lime may be ground separately, mixing being deferred 
until the grinding is completed. Regulation of set is almost invariably practiced 
at American plants, and the materials necessary to accomplish this may be added 
at various points in the process. Though slag-cement manufacture is simple, it 
will be seen that there is considerable latitude for variations in practice at different 
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plants. Brief sketches of the general methods in use at various plants will 
therefore be given; followed by a more detailed discussion of certain points of 
particular interest. In the granulation of the slag and the slaking of the lime 
little variation in practice is possible. The drying of the slag, however, is carried 
on in very different ways at different plants. It is an important element in the 
cost of the finished product, and will therefore be diseussed in considerable de- 
tail. Methods of grinding, and of regulation of set, are also of both theoretical 
and practical importance, and are discussed at some length in the following 
pages. 

General Practice——The Maryland Cement Co.,1 at Sparrows Point, Md., ob- 
tains the slag fram the furnaces of the Maryland Steel Co. The slag is dried in 
Ruggles-Coles dryers; and, after mixing with the slaked lime, is ground in dis- 
continuous pebble-mills. Mahon’s experiments, preliminary to the establishment 
of this plant, are discussed on an earlier page. 

The slag-cement plant of the Illinois Steel Co., Chicago, Ill., obtains its slag 
from the blast-furnaces of that company. The specifications under which this 
slag is received, with analyses showing its actual range in composition, will be 
found on a preceding page. After granulation and drying in a specially designed 
dryer the slag receives its preliminary reduction in Griffin mills. Meanwhile the 
lime has been slaked as described in detail on a later page of this paper, caustic 
soda being added to regulate the set of the product. The ground slag and this 
prepared lime are then mixed, and the mixture receives its final reduction in 
Davidsen tube-mills. 

At the plant of the Birmingham Cement Co.,? at Ensley, Ala., slag is obtained 
from the furnaces of the Tennessee Coal & Iron Co., located in nearby towns. 
The slag is granulated at the furnaces. On arrival at the mills, carrying about 
40% of water, it is dried in Ruggles-Coles dryers. Two of these, of the A2 
style are in operation. After drying, the slag and slaked lime are fed together 
to West ball mills, four of which are in use, and the mixture is finally reduced 
in West tube mills. 

The Southern Cement Co., at North Birmingham, Ala., dries its slag in a style 
A2 Ruggles-Coles dryer. ‘The dried slag is crushed in a Kent mill. After mix- 
ing with the slaked lime, the final reduction takes place in West tube mills. 
Two brands of slag cement are marketed. One, a normal slag cement, is said to 
average about CaO 55%, Fe,0,,Al,0, 12%, SiO, 27%. The other brand 
is quicker setting and carries about 10% less CaO and about 10% more 
Si0,. This high silica content is due to the addition of a very highly siliceous 
rock, probably a pure crushed quartz. 

At Skinningrove, England, slags were used of a composition varying between 
the following limits: SiO,, 30 to 32% ; CaO, 30 to 33% ; Al,O,, Fe,O,, 25 to 28%. 
The slag on issuing from the furnace, was run into water; ground, before dry- 
ing, under edge runners; and dried on iron plates in a drying chamber. The 
dried material was ground under millstones; sieved; and mixed with lime 
(which had been slaked and screened) in the proportions usually of lime 33 Ib. 


1 Lewis, F, H., Cement Industry, p. 184, 2 Kekel, E. C., Engineering News, Jan. 23, 1902: 
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slag 100 lb. The resulting cement varied in composition between the follow- 
ing limits: Si0,, 24 to 26%; CaO, 45 to 47%; Al,O,, FeO, 20 to 22%. 

At Vitry, France, the slag is struck by a jet of water immediately upon 
issuing from the furnace and carried by it into a masonry storage tank. From 
this tank the granulated slag is elevated and carried to the mill. Five dryers 
of the style shown in Fig. 1 are employed, the dimensions being slightly dif- 
ferent from those used at Choindez. After drying the slag is sieved, to remove 
the coarser particles, passed through six mills of different types, and again 
sieved. After having been thus reduced to the proper fineness, it is mixed 
with the slaked lime in ball mills operated discontinuously; the proportions 
being about 40 lb. lime to 100 lb. of slag. 

Regulation of Set—Slag cements set very slowly, relative to Portlands. As 
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Fra. 1.—StTatronary Siac DRYER At VITRY, FRANCE. 


this interferes with their use for certain purposes, many attempts have been 
made, by various treatments, to reduce their setting time. There is, unfortu- 
nately, another reason why the manufacturer should desire to hasten the set 
of his product. Most of the slag cements sold in this country masquerade as 
Portland and it is desirable to the manufacturer therefore to make such of their 
properties as are brought out in ordinary tests or analyses approximate to 
those of true Portland cement. The set of slag cements can be hastened by 
the addition of pozzuolanic materials. Of these, burned clay, certain active 
forms of silica and slags high in alumina are the cheapest and most generally 
obtainable. The most important method of regulation is, in this country at 
least, the Whiting process, which is followed at two large American plants. 

United States Patent No. 544,706, issued in 1895 to Jasper Whiting, covers 
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| - the use of “caustic soda, potash, sodium chloride, or equivalents or any substance 


of which the latter are ingredients,” added either as aqueous solutions or in a dry 
state at any stage of the process of clag-cement manufacture. In the specifications 
accompanying the application for this patent, the patentee states that, in the case 
of dry caustic soda, the amount added will vary from 0°125 to 3%, “depending 
chiefly upon the use for which the cement is intended.” The patent was subse- 
quently conveyed to the Illinois Steel Co., and the process covered by it is used 
by that company in the manufacture of its “Steel Portland” cement. A license 
has been issued to the Brier Hill Iron and Coal Co., of Youngstown, Ohio, 
under which license this company manufactures its “Brier Hill Portland” cement. 

The process, as practiced in the slag-cement plant of the Illinois Steel Co., 
Chicago, Ill., is as follows: The quicklime used is obtained from the calcination 
of Marblehead or Bedford limestone and carries less than 1% MgO. On its 
arrival at the mill it is unloaded into bins, beneath which are placed two screens 
of different mesh, the coarser at the top. A quantity of lime is drawn upon the 
upper screen, where it is slaked by means of the addition of water containing a 
small percentage of caustic soda. As the lime is slaked it falls through 


Fig. 2.—RuGeiEes-Cotes DRYER. 


the coarse screen onto the finer screen, through which it falls into a con- 
veyor which carries.it to a rotary dryer. After heating, the resulting slaked 
and dried lime is carried by elevators to hoppers above the tube mills, where it 
is mixed in proper proportions with the granulated slag, which has been dried 
and powdered. 

Drying.—The drying of the slag is one of the most important steps, econom- 
ically, in slag-cement manufacture. The large percentage of water carried by 
granulated slag must be evaporated almost entirely, if good results are to be 
expected from the grinding machinery. Three types of dryers are used in 
common practice. 

The Ruggles-Coles dryer (see Fig. 2) consists of two concentric hollow cylin- 
ders bolted together and revolving on an axis slightly inclined from the horizontal. 
The outer cylinder is made of steel plates, the longitudinal seams having butt 
joints with inside lapping straps. The inner cylinder, which is also made of 
steel, is connected with the outer cylinder at the center by heavy cast-iron 
arms, A, solidly riveted to both cylinders; and at each end, by two sets of 
adjustable or swinging arms, B, which prevent expansion and contraction from 
affecting the rivets or joints. At the head or upper end the inner cylinder 
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projects beyond the outer cylinder, passing into a stationary head or air 
chamber, H, to the hot air flue, D, of the furnace, G, with which it is connected. 
At the lower or discharge end is another stationary head, #, forming an air 
chamber, through an opening in the bottom of which the dried material is dis- 
charged. This head is provided with a damper to regulate the temperature 
which gives perfect control. 

The outer cylinder is set at an inclination of about 0°375 in. to the foot. It 
is secured to two heavy rolled steel bearing rings, /, which rest and revolve upon 
eight bearing wheels supported by oscillating arms or rockers. The lateral 
motion of the cylinder is taken up by four thrust wheels. The dryer is revolved 
by a cast gear, H, secured to the outer cylinder, and this is driven by a shaft and 
pinion, kK’, extended beyond the end of the machine and supported in two babbitted 
journal boxes fitted to the frame. The entire machine is fitted and secured to 
a heavy frame of 8-in. “I” beams braced and framed together and usually set 
on a concrete foundation. The exhaust fan is placed where most convenient to 
drive and is connected with the outer cylinder by suitable flue, Z.. The fur- 
nace, G, is built independent of’the machine and connected with the head end 
of the inner cylinder by an iron flue, D, built with fire brick. A specially designed 
burner is substituted for the furnace for the use of oil, gas, or powdered coal. 

The heated air passes through the inner cylinder (shown by dotted lines in 
the illustration) and returns between the inner and outer cylinders to the fan. 
The direction of the hot air current also is shown by arrows. The slag is fed 
into the space between the inner and outer cylinders, through a spout (, in the 
stationary head at the upper end of the machine. It is picked up by buckets 
or carriers fastened to the inner surface of the outer cylinder and carried partly 
around during the rotation of the dryer. On dropping from these buckets it falls 
and is caught on the flights fastened to the outer surface of the inner cylinder, 
which carry it partly around and then drop it to the bottom of the outer cylinder, 
when the cycle commences again. While these movements of the slag are occur- 
ring, it is being dried both by the heated air in the space between the two cylinders 
and by contact with the warm outer surface of the inner cylinder: and it is also 
being carried slowly toward the lower (discharge) end of the machine. 

The following table shows working results in the use of the Ruggles-Coles 
dryer on granulated slag : — 


se 
Original Final Water {Dry Material GoalUsed Water Evap- 


User. Percentage] Percentage|Evaporated| Delivered er Hour, | ,orated per 
Moisture. | Moisture. } per Hour. | per Hour. | P our. | Lb. of Coal. 


Knickerbocker Cement Co 
Maryland Cement Co 
Birmingham Cement Co 
Southern Cement Co 


The Holst dryer is used at Donjenx and Mallstadt, and consists essentially 
of a sheet-iron cylinder 9 m. long and 0°8 m. in diameter, into which the slag is 
fed automatically by a screw feed. In the cylinder a helical screw revolves on 
a hollow central shaft, causing the slag to advance slowly through the cylinder. 
The fireplace is below and near one end of the cylinder and the heat is caused 
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to pass under the cylinder to the other end; thence through the hollow shaft 
to the stack in a direction contrary to that in which the slag is moving. The 
cylinder is protected from the direct flame by brickwork. This apparatus dries 
from 7 to 8 metric tons of slag per day with a coal consumption of about 5% 
of the weight of slag dried. 

At Vitry, France, a simple and effective non-rotary dryer, operated by gravity, 
is employed, plan and section of which is given in Fig. 1. It consists of drying 
compartments (each of which is lettered, 4,B,C,D, in the plan) arranged about 
a central flue (C,D,C,D, in plan), through which passes the heated gases from a 
furnace. The central flue is 1 m. square; the drying compartments 0°5X1 m. 
in area; and both are 7 m. in height. Hach of the drying compartments 
contains 10 sheet-iron plates (of which only six, #, are shown in each compart- 
ment of the section). These plates are inclined and so arranged that the wet 
slag, shoveled in at the top of each compartment, descends by gravity and 
finally issues from the lowest plate in the heaps, #’, from which it is shoveled 
and sent to the grinding mills. According to Prost, a dryer of this type and 
size will dry from 12 to 15 metric tons of slag per working day. From 6 to 
6°5 Ib. of coke are necessary to dry each 100 Ib. of slag. 

Pulverizing and Mixing.—The greatest differences in practice exist in the 
processes for grinding and mixing the slag and lime. The statement has been 
made, in several publications, that the differences in hardness between dry 
granulated slag and slaked lime is so great that it is impracticable to pulverize 
them together in a continuously operated mill. A number of plants, therefore, 
have installed small discontinuous mills, each of which is charged, locked, oper- 
ated for a sufficient time to pulverize both constituents of the mixture, and 
discharged. The disadvantage of this intermittent system are obvious and it 
seems especially unfitted for American conditions. The statement that no 
continuously operated mill was able to handle the mixture seemed inherently 
improbable, in view of the great variety of material successfully handled by the 
modern ball and tube mills when operated continuously in Portland cement prac- 
tice. I referred the question to a leading firm of manufacturers and was in- 
formed that nothing in their experience justified the unfavorable conclusion ; 
and that their continuously operated tube mills had successfully pulverized 
mixtures of slag and lime. It seems probable that the most economical prac- 
tice would be to send the dried slag through a small crusher, Griffin mill or 
ball mill; mixing the crushed slag with lime, and completing the mixture 
and reduction in continuously operated tube mills. Whatever system of reduc- 
tion is employed, it is necessary that the slag be dried as completely as possible 
and, with modern dryers, the amount of moisture in the dried slag can be econom- 
ically kept well below 1%. 

Identification of Slag Cement.—Slag cements may usually be distinguished 
from Portland cements by their lighter color, inferior specific gravity, and slower 
set. They show on analysis lower lime and higher alumina percentages than 
Portlands, and usually contain an appreciable amount of calcium sulphide. 
Owing to the presence of this last named constituent, a briquette of slag cement 
left for some days in water will show upon fracture a decided greenish tint; if 
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it has been exposed to salt water, this tint will be much more marked, and the 
odor of hydrogen sulphide will be observed. Two things should be noted, how- 
ever, in this connection. The presence of sulphides though usual is not a neces- 
sary occurrence in slag cements; and, on the other hand, sulphides are occasion- 
ally present in Portland cements, being formed from the sulphates in case the 
flame of the kiln is not sufficiently oxidizing. 

Color.—Slag cements are usually much lighter in color than the Portlands, 
varying from a bluish white to lilac. The color of the cement depends partly 
upon the color of the slag and the lime, but more largely upon the relative 
proportions of the two ingredients. Slag cements do not stain masonry, in which 
respect they have an advantage over Portlands for certain uses. 

Specific Gravity—Cements of this class are lighter than Portlands, their 
specific gravity usually ranging from 2°7 to 2°8. This gives a greater bulk for 
the weight, but on the other hand it reduces the density of the set cement, which 
is not desirable for some purposes. 

Rapidity. of Set—Normally slag cements are slower setting than Portlands. 
Whether this property is a disadvantage or not will depend on the use to which 
the cement is to be applied. As before mentioned, the rapidity of set increases 
naturally with the amount of alumina in the slag. Set can be artificially hastened 
by the addition of pozzuolanic material to the cement; burned clay, certain active 
forms of silica, slags high in alumina, ete., are additions which are both effective 
and cheap. The treatment of the cement during manufacture with alkalies to 
accelerate the set, has already been discussed. 

Strength—wWhile slag cements fall below high-grade Portlands in tensile 
strength, good American slag cements develop sufficient strength to pass the usual 
specifications for Portlands. Tested neat, they do not approximate so closely 
to the Portlands as they do if tested in 2:1 or 3:1 mortars. Part of this property 
may be due to the fact that they are, in general, ground finer than Portlands, 
especially than foreign Portlands. Prof. W. K. Hatt recently made a large 
series of tests on American slag cements, and reported that there was no notice- 
able deficiency in strength of briquettes kept in air as compared with those kepi 
in water. Other investigators have arrived at opposite conclusions; and it is 
probable that these conflicting results arise from differences in the chemical 
composition of the various brands tested. 

Resistance to Mechanical Wear.—Slag cements are notably deficient in this 
property, and are therefore not available for use for the surfaces of pavement, 
floors, ete., where this quality must be highly developed; they seem to be well 
fitted, however, for pavement foundations, or indeed for any work which will 
not be exposed to dry air, and in which a high strength is not necessary. 

Plants.—Of the seven slag-cement factories now in operation in the United 
States, two each are located in Alabama and New Jersey, and one each in Illi- 
nois, Ohio and Pennsylvania. Two new plants are projected, and may be erected 
and in operation before 1903; these are to be located respectively in Alabama 
and Pennsylvania. Most of the plants now in operation are connected closely 
in ownership with the furnaces from which their slag is obtained. This condition 
is almost a necessity, since common ownership or control furnishes the only 
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possible guarantee that a sufficient supply of slag, of proper quality, will be 
always available. 

Price.—The selling price of slag een is highly variable, as can be under- 
stood from statements made on previous pages. Whenever possible, they are 
sold as Portlands; and in that case approximate in price to cements of that class. 
When necessary, however, they are marketed at prices below those of natural 
cement plants. Taking the entire annual product into consideration, its price 
per barrel will probably average about 20 to 25% higher than the best brands 
of natural cements (New York Rosendale). The industry affords very fair profits 
and the output in the United States is increasing steadily. 

American slag cements are certainly superior in strength, uniformity and 
rapidity of set to European slag cements. Slag cements are not, however, Port- 
land cements; and the sooner this fact is recognized and publicly admitted by 
their manufacturers, the better will be the prospects of the industry. For, 
though slag cements are entirely unfitted for many uses to which Portland cements 
may be applied, there are certain uses for which they are peculiarly well adapted, 
and if, for any particular use, a slag cement is as good as a Portland, its lower 
price will of necessity remove any danger of Portland competition. 


CHROMIUM AND CHROME ORE. 


THE production of chrome ore in the United States during 1901 was very small, 
although an advance on 1900, as that year produced none. The only mines in the 
country which were worked during the year being the California mines, which 
produced a total of 498 long tons, valued at $7,740. The imports of chrome ore 
during 1901 were 20,112 long tons, against 17,542 long tons during 1900, an 
increase of 2,570 tons during the year, the average value per ton being slightly 
higher in 1901 than in 1900—$18°05 and $17°39, respectively. The larger part 
of the chrome ore used in the United States is consumed in the manufacture of 
iron and steel products, for details of which reference may be had to the section 
devoted to “Iron and Steel” later in this volume. ‘The consumption and demand 
for ferrochromium products were so disappointing during 1901 that several works 
formerly producing chrome steel and the alloys have altered their machinery for 
the manufacture of ferrotungsten and ferrotitanium as a substitute, because 
tungsten and titanium ores are more easily obtainable, both as to quantity and 
quality. The chrome ores for use in steel making are generally imported from 
Turkey. The total production of ferrochromium during 1901 was about 1,200 
long tons, which commanded a smaller price than in 1900. Ferrochromium con- 
tinues to be used chiefly in the manufacture of steel stamps, and while titanium 
steel has been substituted to some extent, it has not been very successful, owing 
to the difficulty of fusing titanium at the melting point of steel. The Willson 
Aluminum Co., of Kanawha Falls, W. Va., and Holcomb Rock, Va., makes an 
alloy of 50% Cr and 15% Ti, which has very great tensile strength as well as 
resistance to abrasion and shock. The use of chrome ore as a lining for furnaces 
has increased slightly during the year, and it is likely will continue to increase, 
for the life of such linings and bottoms is several times greater than any other 
known refractory material] and its insertion is not difficult. In some instances 
the ore is made into bricks, but a very effective lining is produced by filling the 
spaces between the larger lumps of ore with the fines, tamping the whole to a 


fairly even surface. 
The Chrome Steel Co., of Brooklyn, N. Y., early in 1902 determined to re- 
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move its plant to Cartaret, N. J., where a large universal forging machine of 
German design and manufacture will be installed. 


PORDUCTION, IMPORTS AND CONSUMPTION OF CHROME ORE IN THE UNITED STATES. 


Production. | Imports. Consumption. 

Year. (or eG 5 | IEG 

| Quantity. Value +4 Quantity. Value r | Quantity. | 
|Long Tons.| Per Ton. Value. |Long tity. | Per Ton. Value. Long Tons.| Value. 
TSO Gio seace cat 150 $10°33 $1,550 11,566 | $1611 $186,313 11,716 $187,863 
kc eis dear ea 100 10°00 1,000 16,304 | 16°70 272,234 16,404 273,234 
1890s ta rere 160 10°00 1,000 15,793 | 18°03 284,825 15,893 285,825 
1900S rc atesete Nil. Nil. Nil. 17,542 | 7°39 305,001 17,542 305,001 
1QOT sec eeietere sie | 498 15°54 7,740 20,112 18°05 363,108 20,610 368,898 


California.—The total production of chromite in California during 1901 was 
498 long tons, valued at $7,740, which was sold as crude product. The Shotgun 
Creek mine, in Shasta County, produced 130 long tons, valued at $1,950, while 
the Evans & Dougherty mine, of Dunsmuir, Siskiyou County, produced 368 
1ong tons, valued at $5,790. 


THE WORLD'S PRODUCTION OF CHROME ORE. (a) (IN METRIC TONS.) 


New — New- New United 

Year. | Bosnia. | Canada. | Greece. |Caledonia} found- | South | Norway.| Russia. | Turkey. States 

(b) land. Wales. (0) 4 

1896. 443 2,124 1,600 16,018 1,031 3,914 Nil. 6,682 20,137 713 
ate he serie 396 2,392 563 9,054 3,084 3,483 Nil. 13,433 11,551 152 
1898275255 458 1,833 1,367 14,300 657 2,145 Nil. 15,467 (c) 102 
L800 Fa ee 200 1,796 4,386 12,480 TN? 5,327 41 19,146 d 4,538 102 
1900355 100 2,120 5,600 10,474 (c) 3,338 (c) (c) e 9,749 Nil. 


(a) From the official statistics of the respective countries, except for the United States, which are our own. 
(b) Exports. (c) Statistics not yet published. (d) Exports from Salonica and Smyrna. (e) Exports from 
Salonica and Kossovo. 


Canada.—The production of chrome ore during 1901—reported as exports 
during that year—amounted to 1,595 metric tons, valued at $25,444, against 
2,120 metric tons, valued at $27,000 during 1900. The deposits of chrome ore 
in Coleraine, Province of Quebec, continue to furnish most of the product. The 
ore, consisting of chromic iron ore, is very easily mined, and is said to average 
50% Cr,0;. No shipments have been made from the chrome deposits on Port 
au Port Bay, Newfoundland, for some time. 

Greece.—The Bourdaly mines, at Thasala, 20 miles from the battlefield of 
Velstino in the Kassidiari ranges, produce annually about 3,000 tons of chrome 
iron ore, valued at 70 fr. per ton, The product is shipped mostly to Austria 
and utilized in the manufacture of ferrochromium. The mineral occurs in com- 
pact masses in a white or grayish colored earth in contact with serpentine, rarely 
with quartz or schist, and the ore analyzes Cr,0, 32°3%, FeO 41%, Al,O, 16%, 
ranges near the famous silver mines of Kissos, and deposits on Tinos Island 
SiO 8%. Chrome iron ore has also been discovered in Eubea in the Pelion 
have been reported. 

New Caledonia.—(By F. Danvers Power.)—Chromite when naturally broken 
up in situ is known in the trade as “alluvial chrome,” and when massive it is 
termed “rock chrome.” The alluvial variety is mostly sought, as being in separate 
grains it is not only easier to mine than the rock chrome, but requires no crush- 
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ing prior to washing. Furthermore the impurities that get in the joints and 
cleavage planes of the mineral are more easily decomposed and removed when 
washed. By far the greater part of the rock chrome mined can be beneficiated 
by hand dressing for the market, there being no adequate plant in the colony to 
deal with the impure rock chrome. 

The output of chrome ore from New Caledonia in 1901 was 17,451 metric 
tons, as compared with 10,474 metric tons in 1900. The exports of chrome ore 
during 1901 were 16,586 metric tons, against 10,474 metric tons in 1900. 

The principal deposits of chromite worked in New Caledonia are found in 
the serpentine of the south end of the island. The longer axis of the large lenticu- 
lar open cuts from ‘which the ore has been extracted run in the same direction, 
and many of them appear to be in the same line, or on parallel lines. In these 
deposits when prospectors seek large bodies of ore that are capable of being worked 
by open cuts, no trouble is taken to trace the continuity of any one body after the 
ore proves too poor ‘or too small to work, consequently chromite is still found, 
both at the ends and bottoms of the excavations. The serpentine occurs in bands, 
and the chromite occurs between the bands and in the cross joints. A sharp line 
generally exists between the bands of the serpentine and the chromite, and, while 
there is no gradual shading off in the value, there is in quantity. Chromite is 
one of the most persistent accessory minerals to the serpentines and peridotites 
in New Caledonia and is found pretty thickly peppered through the rocks in the 
neighborhood of the deposits. An idea of the size of the deposits of chrome 
ore may be obtained when it is stated that over 20,000 tons have been extracted 
from one of these excavations. The ore igs generally washed in sluice boxes by 
shoveling it against the stream; by this means it is brought to the desired grade 
of 50% or more, it is then drained, dried in the air and bagged. One operator 
placed a vertical box fitted with inclined shelves below his first sluice box in 
order to stir up the finer particles after having separated the coarse material, 
but this has now given place to a round buddle with a center overflow and an 
outside discharge made automatic by the set of the scrapers. By this means about 
1,000 lb. of crude ore is washed per hour. 

New South Wales.—The exports of chrome ore from New South Wales in 1900, 
amounted to 3,577 metric tons, against 5,327 metric tons in 1899. The chrome 
iron ore mines are all in the Gundagai district, and the exhaustion of the smaller 
deposits accounts very largely for the decreased production during 1901. The 
principal mines in operation are those of Messrs. Quilter Bros., and Mr. J. C. 
Morley, at Mount Lightning, which appear to persist with depth. With adequate 
railway facilities, other known deposits in the State could doubtless be worked 
profitably, but until then the output is likely to be limited. 

New Zealand.—The exports of chrome ore produced by the mines near Croix- 
elles Harbor, during 1900 amounted to but 28 tons, valued at $550. These de- 
posits oceur in a belt of soft serpentine, underlying the Maitai limestone. The 
chief workings are about 1,200 ft. above sea level. The ore occurs in elliptical 
or lintel-shaped masses, with no regularity of occurrence. The deposits which 
have not as yet been proved beyond a limited depth, are at Onatea, Nelson, on 
the south side of Croixelles Harbor. 
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Turkey.—The production of chrome ore for Turkey for 1900 was 9,749 metric 
tons. Late in 1901 it was reported that the chrome mines of Elleshen, the first 
station on the Uskub Mitrovitza railway line were on the market for sale. The 
mine is situated in a fairly civilized part of the country and is said to be very 
rich, the ore existing in enormous blocks. Some years ago the very large output 
of the mine was cut down to a considerable extent by the inrush of a stream 
which, while comparatively inexpensive to divert to another channel, wag too 
great an undertaking for the owner’s limited resources. It is said that very 
little capital would be required to open up a valuable mine. 

Details of the foreign works producing ferrochromium and other alloys in 
1900-1901 are summarized in the subjoined table :— 


Name. : Locality. Source of Power. Available H. P. 
Société Electro-Metallurgique Frangaise............ Tae. PVaZe ce. cele WatOIvarscreccs wea 12,500 
Société Electro-Chemique de la Romanche.......... Bivietececsicrccss WATER & srcivaca saan 12,000 
Acetylen Gas Gesellschaft-Wien..........seseeeeeee MCRAE s,s tories WEAUOL seca seas 2,400 
Société: d? Mlectro-Ghimiles esecis vwesicacs cose cetera St. Michel...........: WidGOI ec cistete cates | 4,000 


Ferrochromium is also made by the Vauntin-Goldschmidt process at Hssen, 
termany, and an Italian company is about to apply 1,500 H.P. at Darfo, in 
northern Italy, to the production of steel by the Stassano process. 


TECHNOLOGY. 


For notes on methods of analysis and former German practice in the manu- 
facture of ferrochromium and chrome steel, reference should be had_ to 
Volumes VIII. and IX. of THe Minera INpustry, and alloys of chromium 
with iron and steel are noted in the paper “Iron and Its Alloys,” elsewhere in 
this volume. 

Chromite as Hearth-lining for Furnaces.—In a paper read by William Glenn 
before the American Institute of Mining Engineers, February, 1901, reference 
is made to a bottom of a copper smelting furnace, which has been in use for 
nearly a year without any apparent deterioration. To contain the chromite, a 
cast iron basin was constructed with surrounding flange, the outer edges of which 
coincided with the exterior walls of the water-jacket, with ribs to reinforce the 
basin, which is an inverted arch of 36-in. chord, and 12-in. versed sine, and 
1-in. in thickness (the flanges are 1°5 in. thick). Hach of the two sections is 
5 ft. 7 in. long, and each is reinforced by three 1-in. ribs, the sections being 
joined by bolts drawing up two of the ribs against an asbestos gasket. The two 
outer ends of the basin were closed by segments cast with the sections and the 
basin was supported by 10 jack-screws placed under its flanges. The chromite 
(Turkish ore containing 52% Cr,O.) was of all sizes, from 10-in. cubes to dust, 
and was laid in lumps wedged by smaller pieces, with fines and dust scattered 
through the interstitial spaces, the whole then being well tamped into place. No 
mortar or binding material was used. Over the chrome bed was laid a layer of 
8-in. fire brick on end. Apparently 44% chrome iron ore would be as service- 
able as the Turkish product. As the campaign was made, using a very basic slag, 
the ore was tested under the most. severe conditions; an ordinary fire-brick or 
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clay bottom under such conditions would have a life of little more than a week. 
A blister-copper furnace whose bridge-wall was constructed of chrome ore at 
about the same time as the smelting furnace, has shown no deterioration, and the 
author suggests the use of chrome ore as a lining for copper converters. The 
Selby Smelting & Lead Co., at Selby, Cal., has for years used a lining of Cali- 
fornia chrome iron ore, in crude lumps, wedged into shape with smaller particles 
and then cemented in weak spots with a mortar made of 10 parts of chrome iron 
ore to 1 part of plastic clay. This lining lasts for months while in use in copper 
matting and concentrating furnaces, and while weak spots develop owing to 
irregularities in the ore, they are patched, without much difficulty. 

Geo. G. Blackwell, Sons & Co., Ltd., of Liverpool, England, claim to supply 
all furnaces in Hngland and on the Continent with their special furnace lining, 
which is composed of chromium, magnesia, alumina and silica, and is said to be 
very refractory. The agent for the United States is the Harbison-Walker Co., 
of Pittsburg, Pa. 

Chromite Bricks—Chromite bricks as refractory material have found limited 
use only, owing to the fact that chrome iron ore shows a variable composition 
even when taken from a single mine, and also on account of their high cost. 
For the most refractory bricks no binding material is used except that which 
accompanies chromite in the form of impurities. In lower grade material, how- 
ever, several binding mediums may be used, such as lime and clay or lime and 
bauxite in the proportions of 2% CaO and 25% clay or bauxite, a process covered 
by the United States Patent No. 578,351, 1901. A German Patent No. 71,067, 
1900, has been issued for the use of gypsum and aluminum sulphate in the pro- 
portion of 2% of the former and 1% of the latter. This mixture is said to possess 
an advantage in that it gives plasticity to the mass, and also renders it but 
slightly more fusible, as when heated, the gypsum and aluminum sulphate are 
converted into CaO and Al,O, with a consequent reduction in percentages to 
0°85 and 0°15, respectively. 

Hlectrolysis of Chrome Ores.—Metallic chromium is now being produced 
commercially at Essen, Germany, by the Goldschmidt aluminum reduction process, 
Several hundredweight of the metal made in a large crucible, occupies about 
half an hour for its reduction. The special value of metallic chromium in steel 
making is its freedom from carbon and by its use steels high in chromium and 
low in carbon can be manufactured. Ferrochromium, which has heretofore been 
used for this purpose, contains from 40 to 65% Cr and from 4 to 8% ©, which 
precludes the manufacture of a low carbon chrome steel. In fact for a steel 
containing 2°5% Cr, metallic chromium must be used if the carbon in the steel 
is to be below 0°2%. In the manufacture of open-hearth steels, when ferro- 
chromium is used the loss of chromium by oxidation amounts to about 25% ; with 
metallic chromium, however, the loss is much smaller. The metal is most valuable 
in the manufacture of crucible steels of from 1 to 2% Cr content and for higher 
chrome products up to 10% Cr. Steels of even higher chromium percentage are 
now under experiment for the manufacture of special tools. 

B. Neumann! obtained a good deposit of chromium on a carbon or metal 
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cathode with a divided cell, containing a chromium salt at the cathode and 
an acid or saline solution at the anode. With chromic chloride solutions contain- 
ing 10% Cr a current density of 0°9 ampere per sq. dm. gave chromic oxide 
only, while from 1°8 to 7-2 amperes gave a mixture of oxide and metal and from 
9 to 18 amperes pure metal; under the last-named conditions current efficiency 
of 38% was obtained. The temperature seems to have ‘but little effect on the 
current efficiency, but above 50°C. the metal is deposited as a black powder. A 
solution with 16% Cr yielded 57% efficiency, which was increased to 89°57% 
by changing the solution on the anode cell. With chromic sulphate the best 
conditions were from 6°7 to 85% Cr and a current density of from 13 to 23 
amperes per sq. dm., giving an efficiency of from 84°6 to 86%. The acetate 
solution did not give as satisfactory results. The metallic deposits are of bright 
color and fairly lustrous but due to films of oxide it has a tendency to flake. 
The metal is hard, brittle and very pure, containing only 071 or 02% Fe. 
The decomposition potential of chromic sulphate of five times normal strength is 
1-898 volts, while for chromic chloride of eight times normal strength it amounts 
to 1°685 volts. It is necessary, however, to use at least double these electromotive 
forces. 

A number of patents have been applied for and granted during 1900 and 
1901 in various countries of the world for new electrolytic and other ferro- 
chromium processes. The Société Generale des Aciers Fins, of Paris, France, 
has obtained French Patent No. 6,655, of 1901, for a method of making chrome 
steel in the open-hearth furnace. P. Straneo* confirms by experiment the 
claims made in the patents of Street, that a quicksilver electrode gives better 
results than a platinum one, when used for the electrolytic reduction of chromium 
oxides and salts. 

The Chemische Fabrik Griesheim Electron, of Frankfort-on-Main, Germany, 
obtained German Patent No. 12,250, of 1901, for the production of chromium 
compounds and alkali by the electrolysis of salts of alkali with ferrochrome 
anodes. William H. Greene and William H. Wahl, of Philadelphia, Pa., obtained 
United States Patent No. 688,510, of December 10, 1901, for a method of pro- 
ducing chromium, which consists in incorporating silicides with metallic oxides, 
the heat of formation of which is less than that of the oxides of either element 
of the silicides, and subjecting the mass to heat, and thereby effecting the 
primary reduction of the oxides by the chemical energy of both elements of 
the silicides. 

A novel form of electric furnace was patented by Charles A. Keller, of Paris, 
France, on December 17, 1901. The electrodes are trucks mounted on rails, and 
each adjustable toward a central horizontal fire brick hearth which carries the 
main body of the charge. The electrode carriages are framed in iron, covered by 
a fire brick arch which bears the carbon or outer surface of the electrode. The 
central horizontal hearth, and the upwardly inclined lateral electrodes together 
form a broad, shallow furnace bed, over which a layer of granular carbon is 
spread to serve as a circuit closer between the electrodes, and by its resistance 
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to develop a temperature sufficient for the reaction. Any resistance material may 
be substituted for this if the carbon should prove undesirable. For the production 
of chrome iron a bed of granular iron may be used which would alloy with the 
chrome as reduced. The furnace proper is inclosed within a fire brick vault to 
preserve the heat and exclude the air. 

M. Armengand, Jr:, of Paris, has secured by French Patent No. 301,804, of 
July 5, 1900, a process for the manufacture of mild ferrochromium in the 
electric furnace, which will contain Cr 60%, Fe 29 to 39%, and C 1%. The 
product is magnetic, tough, comparatively soft, and may be drilled by steel, 
characteristics which distinguish it from ordinary ferrochromium. 

Bichromates and Other Salts—Dr. Berthold Redlich, of Berlin, Germany, 
manufactures chrome yellow by electrolyzing lead hydroxide, which is obtained 
by exposing lead anodes to the action of an electric current, in a nitrate or 
acetate electrolyte. The resulting hydroxide precipitated from its solution by 
means of an alkali, reacts directly and in the cold on chromates or bichromates. 
The physical characteristics of the hydroxide may be transmitted to the product, 
and either a flocculent or crystalline chrome yellow produced by using a concen- 
trated cold solution or a warm dilute solution. The alkali salts employed as 
electrolytes furnish the alkali used to precipitate the lead hydroxide. If no free 
acid be used in the subsequent chrome admixture, orange chrome is produced, 
free acid being necessarily present for the production of the lemon shades. 'The 
process is said to be much cheaper than the former practice. 

A. Shearer, of Manchester, England, in the latter part of 1900 secured English - 
Patent No. 14,021 for improvements in the manufacture of sodium and am- 
monium chromates. 


CHEMISTRY. 


Review of Analytical Chemistry—(By Edmund H. Miller.)—J. Feree’ states 
that metallic chromium is readily deposited on a platinum cathode from a solu- 
tion of crystalline chromic chloride acidified with hydrochloric acid, steel gray in 
color; while from a solution containing chromic and potassium chlorides in the 
proportion of CrCl, to 3K Cl, it comes down as a silver white metal. The current 
used was 8 volts and 15 amperes per 100 sq. cm. of cathode area. 

C. Reichard,? in an article on the recognition of chromic acid by hydrogen 


peroxide, calls attention to the following difficulties: (1) Vanadic acid exercises 
a remarkable influence on the perchromic acid reaction, by giving a brownish 
color which interferes with the clear blue of the perchromic acid. This is notice- 
able when the vanadium is present in the proportions of one part of ammonium 
metavanadate to 10 parts of potassium dichromate. 

(2) That both arsenate and phosphate of sodium counteract the disturbing in- 
fluence of vanadic acid on the reaction; while other salts, such as NaNO,NaNO.,, 
(NH,).,8,0,,KIO,NO,(NO;), have no influence. 

(3) That molybdic and tungstic acids appear to influence the reaction similarly 
to vanadic acid. 


1 Bulletin Société Chemique, 25, 617. 2 Zeitschrift fuer Analytische Chemie, 40, 577. 


‘CHROMIUM AND CHROME ORE. 103 


R. Hartmann® describes an application of the ordinary volumetric method for 
chromium, by estimating the oxidizing power of the chromic acid, to the deter- 
mination of chromium oxide in mordants. This method should prove most ac- 
ceptable and is a valuable improvement to the tedious gravimetric methods which 
have been used. It is in brief as follows: About 1 g. of the chromic acetate 
(about 21°B.) is diluted with from 10 to 15 c.c. of water and a little strong 
austic soda solution is added until the precipitate dissolves. The solution is 
heated on a water bath and sodium peroxide is added until the solution is yellow 
and the oxidation to sodium chromate complete; then evaporated to dryness to 
decompose any excess of peroxide, redissolved in 500 ¢.c. of water, and acidi- 
fied with dilute sulphuric acid. 50 cc. of N/10 solution of Mohr’s salt 
(FeSO,(NH,),S0,6H,0) are added and after diluting to a liter the excess of 
ferrous iron is titrated by N/10 potassium permanganate, to a dirty violet color. 
The chromium is calculated from the amount of Mohr’s salt it oxidizes on the 
bases of 1 Cr=3Fe. 


3 Chemiker Zeitung, July 3, 1901, p. 564. 


CLAY. 


Tue production of clay products in the United States during 1901 increased 
considerably over the output of the preceding year, the aggregate value being 
$87,747,727, as compared with $78,704,678 in 1900. The chief cause of the 
increased output was the great prosperity in the building trades, which is 
reflected in the very large increase in the production of building brick. ‘The 
drain tile trade, however, suffered materially from the drought in the central 
West. At the beginning of the season the demand was so great that almost a 
brick famine resulted in many places, manufacturers frequently being compelled 
to refuse further orders. Despite the increased demand for bricks lower prices 


ruled, which resulted ultimately to the benefit of the trade, as thereby consider-: 
able competition was prevented, both for the present and for the future. The 
number of firms reporting brick and tile products during 1901 was 5,887. 

The production of clay and clay materials in the United States is summarized 
in the following table :— 


PRODUCTION OF BRICK AND CLAY WARES IN 1900 AND 1901. 


1900. 1901. 


No. of M. Value. Per M.| No. of M. Value. 


$39,195,913 | $5:23 | 8,088,579 | $45,503,076 
4,601,686 | 10°09 415,348 4,709, 737 
5,823,268 9,870,421 


7,500,868 
455,771 
372,385 


Common brick 
Front brick 
Fire brick (q@) 


Paving and vitrified brick 724,370 
Other clay building material (6) 
Sewer pipe and drain tile...........seeeee ees 


Crude clay, stoneware and misc. man’f’res (¢) 


6.508.442 

5,530,369 
e 8,550,000 
8,500,000 


5,484,134 


6,736,969 
15,443,390 


Potalsic sso 


$78,704,678 


| $87,747,727 


(a) Not including silica brick. 
floor tile and all other clay building material. 


miscellaneous clay manufactures and crud clay used in pottery, for laying 


(b) Including terra cotta lumber, hollow building tile or blocks, roofing tile, 
(c) Including the value of common stoneware and various 
fire brick, in paper making, as burnt 


clay railway ballast, for the manufacture of gas retorts, glass pots, zine retorts, etc. (e) Estimated. 


cluded under crude clay, ete. 


The collection of these statistics is attended with many difficulties. In no 
other branch of the mineral industry except that of stone is the number of pro- 
ducers so large and so widely distributed. Most of them operate on a small 
scale, and as but little outlay of time and capital is required to open a brickyard, 
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PRODUCTION OF BRICK AND CLAY BUILDING MATERIAL IN THE UNITED STATES IN 
1900. (IN THOUSANDS. ) 


Other 
Building Brick. Building Brick. Fire Brick. eos eet Clay 

Common. Front. Alumina, Paving Brick. | Building 
States. Material. 
Quantity.| ~Value. |Quantity.| Value. |Quantity.| Value. |Quantity.) Value. Value. ' 
Alabama. ss. 6... 50:700)< 2 $294:060) cscs ee lec ece es se 6:6, (60s = 141-060 otis cies. 0/<i| erereisseraee 3% e $1,000 
Arizona (@)........ 10,000 70,000 125 MeO) iota vera cols taretavel \accceranesaicbals oil eraeeeerstel eveie\«)| er eta\ ont ofall evel] suptsiaeete tetera: « 
Arkansas......... 45,000 281,250 e 5,000 BD (MO srteerals la: o wlatellleterarece ove. clere:ter seve este: sais |tetes tenors Wore talaveter anes! latelc 
California (e)..... 130,000 650,000 3,000 GO OOO Freres, tsserall ats sree sreseiatal | fetonace ee oes | at ghekanorenexahedltey Mutat iaey eters 

Colorado... s...... 42,520 245,980 21,296 222,818 2,092 35,563 1,388] $13,381 ite 
Connecticut ...... 141,381 709,408 7,000 (0432 (0/0(0) (Raa Sao a] MONO Dneea ht Hocr omullebin otis 65,000 
Delaware ........ 13,650 87,019 2,625 DBI 250 itecce ec sve ceil ere ofa Drs Henne nrea leet il. sol aa ar iatss ies f 
Dist. of Columbia 90,000 760,000 3,150 0,400 |(- laters seta terme Sec ae silareeletties salin asians Pe ra cin Ame 
Plorida. ie iee.s 35,120 DTS Ita dos scarce rarest taie: lsosauVe eels cc phovelaes ostagltave ith hove oiscal |stats wleciere-erer[leteraretetstemtatel  olste: cia aietete® 
Georgia .......... 199,043 977,960 4,874 58,469 e€ 2,200 26,400 4,861 17,043) e 65,000 
HAAMOR es ce savies « 18,107 PZOSO4 eel <tr eal feratsiars oik winsell ee arar oer ee « oi Rotelat emotes wis [fel e taaie’ ae rere k'| aieceteteeetee tats 
WUIWOIS cee tet. ois = 476,350] 2,581,817 17,008 87,856 9,519 81,078 190,156] 1,639,191 784,743 
FAGIANA: oviaece esate 392,320) 2,126,374 15,128 188,351 3,762 37,622 65,921 662,321} e 350,000 
Indian Territory.. 4,000 20,000 500 BrOOG Ke vtercctetiercolliste eit Oatw totais tre ee ce [lean nema es Op attentions 
TOW sista icintale’nteroreis’s 244,804) 1,494,893 11,409 101,287 206 2,361 80,002 220,455 60,526 
Kansas (e) ....... 50,000 300,000 8,000 60,000 700 6,300 30,000 2405000) cc vivettnee.« 
Kentucky ........ 128,641 666,456 6,500 39,000 28,060} 290,000 3,000 18,000 130,000 
Louisiana ........ 114,285 338,915 9,600 TO QUO Ie vavsarsiecsieiell eisteze erete wies 5,000 80,000 5,000 
IDSA ei cic tg ae Sie 115,000 618,700 2,325 TS EBOO| Sirs cosccraieelfrastre nares aes 150 T,2O0I Rigielteteee 
Maryland......... 233,517) 1,451,479 9,614 204,791 6,495 101,888 144 1,299 60,000 
Massachusetts. ... 805,415} 1,573,478 75,850 918,700 6,000 259)50,0,0) Boe ea Semen: 75,000 
Michigan........ 204,081 960,254 3,858 ROS OSleeintos sca choueseeas ¢ 4,000 36,000 e 8,000 
Minnesota........ 211,623] 1,074,715 9,234 92,525 114 Does [Pears ae | Bag a ee 31,544 
Mississippi ....... 48,164 263,110 712 EAB eens wiarare all theretalsiert sare 5,176 81, OB9Ih exes. 
Missouri.......... 225,000 867,500 20,000 125,000 14,594 179,607 24,721 197,903) e3800,000 
Montana......... 43,013 240,444 78 1,163 2,000 50,000 350 L5,Q00 | gerne. 
Nebraska........ 103,512 648,227 3,810 SOKA ees ar. eters crasltearsicicinis aint 5,714 AN B24 Wekca ates 
New Hampshire.. 63,484 335,278 6,490 67,850 1,180 23,600 944 SAOG EA Sie. 
New Jersey......- 355,047) = 1,485,028 35,000 600,000 80,000} 600,000 300 3,000|e 2,000,000 
New Mexico...... 2,000 14,000 1,300 10,400 250 Pils O10) Rees Saree (Maree Oe Seite SAR ah oA 
New York........ 1,120,000} 4,849,600 30,000 240,000} e20,000} 400,000 85,000 420,000 650,000 
North Carolina... 102,060 516,537 206 2,057 Du 1,143 100 800 1,500 
North Dakota.... 42,196 257,550 1,083 11,375 350 6,300 1,500 35,000 3800 
ODIO ean ose: 522,949) 3,082,783 66,359 129,896 105,779} 2,114,582] e 200,000} 1,800,000) e 375,000 
Oklahoma........ 12,581 BALD AO lca s eeavens.s| are eete rapeseed ora g eters R Ssusiis  eearere ene. aserecesl iorateen eas iscall oa tarot lena Satcre tebe ott evetareves 
OFELONE Beis as 14,782 104,539 183 5,238 5 BA era tiie. on lbeatarecereasseroi]e areeie rae: 
Pennsylvania..... 797,681) 5,246,237 61,998 663,946 100,774) 1,606,218 68,887 589,881} e 500,000 
Rhode Island (e)... 40,000 210,000 1,500 TBS BOOS cele cccpsihorsrersretate so 5,000 45,000 15,000 
South Carolina... 142,837 652,781 904 9,047 e 600 6,000 500 QEBOO| i steraete petese 
South Dakota .... 16,286 131,571 157 Bae se Shieinn.cbl\accdeucnds 150 AGBOO Ss .eseMiiee © 
Tennessee........ 126,768 650,983 3,048 30,479 48 481) e 12,000 170,000 e 2,000 
NOR AR Sc ctaitvetes de 31s 141,340 838,032 5,799 63,148 500 7,500 2,767 245800 | Scien ere ess 
LOY SR cece “40,903 27,645 5,607 GOSOBT prctacicota a ccieiclltecrelard aces guillarniarelerePolereet|lolst et ofatelRelsrenlisie ereQeletcre’® 
Vermont.......... 42,257 194,827 14,571 GERD GL Matas cts erect tavatote eievere:sto | Wiataratetetesedeveltvivlecat evans ofa:| 0 aieie eitsaianele 
VAR BAMA oe cae 27,898 430,017 1,290 MBE BOS |r crahctetaratarerst|teheialerele se i6\a 1,346 12,789} e 45,000 
Washington...... 61,234 71,682 8,400 GIS O00) eer reach qisccarr ae 350 G BOOS e ee 
West Virginia.... 23,012 116,417 1,750) 21,000 e 400 4,800 eé 25,000 220,000 e 5,000 
Wisconsin........ 122,727 755,794 4,460 BBs OOO ora: s'org tc sloce olltarmrereie viele ovelll erates wiacoce'e o'list grsianavera eters |s{@ene pmmtoteres? 
Wyoming ........ e 300 STOO) 3 dioieec tes teisiareccia We e106 all eratere!o\evele o'ei] sisie(ara:ei ee oie)|\u ole'e)o « disla‘e)|lelerais ed aivis siellinvee oie weree.e 
Potials ss sie. 7,500,868] $39,195,913 455,771| $4,601,686 372,385) $5,823,268 724,370) $6,508,442) $5,530,369 


its abandonment is of no serious consideration. The list of producers conse- 
quently is subject to continuous revision. A further difficulty arises from the 
fact that some concerns do not keep any records of their work, and are therefore 
not in position to furnish accurate reports. 

The production of brick and clay building material by States in 1900 and 1901 
is presented in the above tables, in which the columns “common brick” 
include only the ordinary red brick that is used generally in building. Under 
“front brick” we have grouped pressed brick of all colors. Under “fire brick,” 
however, only what is properly termed alumina brick is included. Such silica 
brick as Dinas brick, which is also properly called “fire brick” or “refractory 
brick” being omitted, because it is not a clay product. “Other clay material” 
includes fancy or ornamental and enameled brick, roofing tile, terra cotta, terra 
cotta lumber, floor tile, hollow building blocks, etc. All the clay material other 
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PRODUCTION OF BRICK AND CLAY BUILDING MATERIAL IN THE UNITED STATES IN 
1901. (IN THOUSANDS.) 


Building Brick. 
Common. 


States. 


Quantity. 


Colorado 

Connecticut and 
Rhode Island... 

Delaware 

Dist. of Columbia 


160,606 


15,963 
23,175 
82,253 
222,111 
8,391 
930,561 
315,966 
17,603 
249,318 
108,365 
115,977 
94,981 
69,819 
113,457 
170,455 
215,836 
157,727 
76,716 
276,821 
51,739 
109,060 
2.020 
114,532 
351,886 
9,885 
1,016,237 
132,699 
10,948 
489,275 
28,137 
23,422 
875,631 
144,601 
7,235 
92,502 
222,459 


Massachusetts.... 


Minnesota.... 
Mississippi 
Missouri 
Montanaisss0.4 
Nebraska 


New Hampshire.. 
New Jersey 

New Mexico 

New York 

North Carolina... 
North Dakota.... 
Ohio 

Oklahoma 
Oregon (bd) 
Pennsylvania 
South Carolina... 
South Dakota 
Tennessee 


Virginia 
Washington 
West Virginia.... 
Wisconsin 
Wyoming 

Other States (d) 


8,038,579 
Per cent. of brick 
and tile products 
Per cent. of total 
of clay products.|..... eaves 


(a) Included in ‘* Other States.” 
other clay building material. 


Value. 


$742,691 


92,986)... 


368,359 
943,250 
760,867 


822,079 


126,092 
179,184 
185,759 

1,182,553 

66,514 

5,188,654 

1.624.133 
110,774 

1,611,040 
558,928 
621,756 
560,375 
407,354 
676,708 

1,060,493 

1,095.254 
852,303 
443,989 

1,595,081 
357,210 
668,863 

16.425 
741,589 
1,675,746 
22,045 

4,947,599 
682.469 

69,508 

2,725,512 
196,735 
172,058 

5,357,079 
546,028 

54,365 
610,968 

1,396,889 

134,164 
61,554 

1,139,894 
477,960 
348,452 


Building Brick. 
Front. 


Fire 
Brick. 
Alumina. 


Paving 
Brick. 


Quantity. 


Value. 


Value. 


Value. 


Thous. 
795 


$6,990 


05]. 11,570 


86,425 
196,147 


234,77 
(a) 
88,164 
50,3840 
16,535 
(a) 
22,350 
76,792 
98,892 
64,031 
55,016 
6,455 
298,158 
18,482 
85,260 
(a) 
(a) 
473,138 
(a) 
254,696 
8,070 
(a) 
612,718 
7,850 
8,469 
844,087 
1,188 
(a) 
32,350 
95,492 
139,591 


267,028 
147,881 

(a) 
54,874 

(c) 
85,788 
4,709,737 
5°37 


$132,783 


212,510 
51,526 
(a) 

1,810 
(a) 
377,741 


620,116 
152,650 


298,944 
3,720 


(a) 
1,287,059 


(a) 
962 
4,791,083 


9,870,421 
11:25 


8°96 


$899,454 
820,221 


241,108 
312,994 


(a 
843,343 


1,443,587 


ry 


139,162 
555,389 


216,295 


Value. 


Other 
Clay 
Building 
Material. 


Sewer 
Pipe. 


Value. (e) 


f $1,800 


f 279,692 


f 109,500 


348,716 
253,626 


J) 
96,770] f 1,278,888 
f 10,042 


2,735,708] f 2,709,601 
( 


tf) 
Ff 12,179 
1,490,315 


5,961 
1,971 

f 1,834 
16,000 
24.407 
f 3,348 
F 3.985 
f 26,232 
4,900 
641,561 


$5,484,134 
6°25 
4-98 


(b) Includes Hawaii. 
(d) Includes all products made by less than three producers in one State, in order 


F 170,965} 


(f) 
f 134,652) 
3,015) 


f 2,040,851 | 
1,400,402 


Total 
Value. 


$928,429 
92,986 
395,858 
735.721 
1,568, 167 
1,089,709 


131,164 
311,129 
190,674 
1,527,853 
68,328 
8,960,041 
3,935,083 
117,224 
2,711,305 
981,020 
1,374,846 
612,595 
734,678 
1,272,175 
1,589,469 
1,497,169 
1,256,552 
451,694 
4,409,906 
539,221 
806,473 
17,625 
765,964 
5,781,805 
81,345 
7,214,358 
751,301 
76,708 
11,526,424 
205,060 
263,891 
13,656,730 
563,346 
59,365 
829,874 
1,632,189 
291,189 
77 BBA 


(c) Value of front brick for Wyoming included in 


that the operations of individual establishments may not be disclosed. (e) Fancy and ornamental brick, stove 
linings; drain tile, ornamental terra cotta, fireproofing, ordinary tile, including adobes, assayers’ sup- 
plies, boiler and locomotive tile and tank blocks, building blocks, burnt clay ballast, chemical brick, patent 
chimney brick, chimney pipe and tops, clay furnaces and retorts, conduit for underground wires, crucibles, 
cupola brick, fence posts and stubs, fire clay mortar, flue linings, frost-proof cellar brick, furnace mantels, 
gas logs and settings, glass-melting pots and giass-house furnace blocks, grave markers, hollow bricks, muffles, 
supports and slides, porous cups, runner brick, sidewalk tile, souvenirs, stone pumps, terra-cotta vases, vitri- 
fied sewer brick, wall coping, water pipe, and well brick and tile. (/) Partly included in.‘‘Other States.” 


than brick, which is now used so extensively in the construction of fireproof 
buildings is included under this classification. A slightly different classification 


has been adopted for 1901, which is fully explained in the individual headings 
of the columns and in the appended foot notes. 


State. 
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ATEENSAS eee een te oe noe ate 


GOT pa sae, ree o reas ares 
FR Wah eis ase tevecsti stedobeiainieveie diesen mena 
TARO oes ay atts ea ceca pecan aaa 
DUINOIS Ske oeaees a diate olnetnis shite ciets 
Bao bho Ye eee Ca CTP eR Tt OR RO OY, 


TOWea erties lasenertanraatwe sian tort 
Mentucksy, Gs cass tcrc ces ouiie yaoi wens 
EQUIGIAN ORs Giancercat nena orn ane ees 
WE BUINC Ys cesrtisn o ata's, clevatoua lei oa umraroict Yano are ecreoars 
Manyilan Gir. vs tscite asics coe wnconanis 
MusSachusObts: souk ud sceanlisieeranne ts 
Mle ang eo clare fale velenss eet te ete a oa 
Minnesota...... Scie aahs Bice eminem ee 
MUISSISSIID ate iieys crsis oleteravererstnn asaee arecsrer ars 
Missouri 
WMoptanaite waripetitet ate wynersts wine stra at eet 
Nebraska 
Nevada 
New Hampshire ois cas acti stonwians 
New Serseye tics ettuiisionuecsacneas 
New Mexico 
New York 


Comer meee rere eee reese eessreres 


ee ie iy 


QUO is yaraisep Pesce stale acon oaee ctohs eralareia tater sts. e6 
OVER OMe ees is ostcun aida victorin 
Pennsyl vanlaig ares sc sceoih a diastore mcsincere 
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Washington 
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CLAY. 


1900. 

Br oe Pottery. Total. 
$692,431 $20,296] $712,727 
U2 heats vateten oetewien 112,737 
351,732 26,280 381,012 
1,351,611 24,387 1,375,998 
1,182,575 a 17,944 1,200,519 
1,038,722 61,250 1,099,972 
TBE RIAN S52 156,274 
278, 060 10,873 288,933 
140,604 b) 140,604 
1,168,835 b 24,383 1,193,218 
49,382 (a) 49,382 
6,932,086 (76,77 7,708,859 
3,532,450] — ¢ 325,900] 3,858,350 
803253 evislew eae. 80,238 
2,254,662 _ 36,589 2,291,251 
1,002,689 . 14,061 1,016,750 
1,849,827 131,497 1,481,324 
503,894 4,300 507,694 
724,934 (d) 724,934 
1,275,239 436,617] 1,711,856 
1,594,377 dd 238,724 1,833,101 
1,147,378 84,317 1,181,695 
1,103,302 e 293,395 1,396,697 
558,916 14,452 573,368 
3,665,093 1,474 3,736,567 
350,489 (a) 350,489 
GBS:958 |ae ese 8? 683.958 
DBO | cis waters ie 9,580 
485,013 f) 485,013 
5,664,772) 5,263,651) 10,928,423 
QISBOG i ecicncce ce 41,898 
6,495,281! g 1,165,825| 7,660,606 
797,112 18,863 815,975 
CPL eS Bier ae 92,399 
9,731,305) fh 8,578,823} 18,304,628 
CGS Yd aaer ces Meee 164,457 
264,095 17,290 281,385 
12,000,875 1,890,873) 18,391,748 
OEE pmenea eye renee CN vase 
693,703 17,633 711,336 
BAA icp ets Sees 43,440 
865,923 49,655 915,578 
1,088,558 87,464, 1,171,017 
227,621 6,600 284,221 
SSO Fe ae erat state 121,041 
1,802,085 8,110 1,305,195 
616,029 9,430 625,459 
1,384,924 631,841 2,016,765 
1,072,179 (e) 1,072,179 
13,010) rom Meee an 21,500 
$76,413,775] $19,798.570| $96,212,345 
79°42 20°58 100°00 
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1901. 
Br ice pnd Pottery. Total. 

$928,429 $18,362 $946,791 
O2O8G oes score corsa 92,986 
395,858 11,405 407,263 
1,785,721 33,434 1,769,155 
1,568,167 26,700 1,594.67 
1,039.709]  & 91,200} —_11180;909 
EBT AOD S eacete PPA RS 181,164 
311.129 12,879 324.008 
190,674 (b) 190,674 
peer 17,230 1,545,083 

ANS S754 ara Gta eae (l 
GSB SS ie ei iaeion asic 68,328 
8,960,041 682,449 9,642,490 
8,935,083 531,371 4,466,454 
ATE ee 117/224 
2,711,305 26,526 2,787,825 
981,020 (m) 981,020 
1,874,846 189,697 1,514,543 
612.595 3,108 615,703 
734.678 (m) 734,678 
1,272,175 833,480 1,605,655 
1,589,469 281,368 1,870,837 
1,497,169 44.865 1,542,034 
1,256,552 292,095 1,548,647 
451,694 4779 456,473 
4,409,906 64.647 4,474'553 
539.2211 (m) 539,221 
BOONE ces western - 806,473 
WE GED Ye ieee. Wate -s 17,625 
765.964 (m) 765,964 
5,781,805 5,900,073} 11,681,878 
SLBA eee ncneces 81,345 
7,214'358| 1,077,360) _8,291.718 
751,301 20,037 771,338 
KBMOSR Viet sa ee: 76,708 
11,526,424 10,048,561 21,574,985 
QOD OCU. os see e see 205,060 
n 263,891 (m) nN 268,891 
18,656,730 1,665,012 15,321,742 

Ce aes (i) 
563,846 11,872 575,218 
podem ac: 59.365 
829,874 64,093 893,967 
1,632,189 91,186 1,728,375 
291,189 (m) 291,189 
MUROOAN s cro d oan ce 77,554 
1,435,300 4.047} 1,430.347 
927,298 17,500 944,798 
1,087,838 858,642 1,946,480 
1,284,144 18,400 1,247,544 
8, SU scot 28,950 
Beco ba oe 0 %6,488 o %6,488 
$87,747,727! $22,463,860] $110,211,587 
79°62 20°38 100°00 


(a) Value of the pottery products of Idaho and Montana is included with that of Colorado. (6) Value of 


the pottery products of Florida is included with that of Georgia. 


included in New York. 


for Indiana and china for Ohio. 
(kK) Produced by Connecticut alone. 
Hawaii. 
shire, Oregon and Utah. 


(2) Included in Oregon. 
(0) Comprising pottery totals for the following States: Florida, Kansas, Maine, Montana, New Hamp- 
This total could not be distributed among the States to which it belongs without 


disclosing the operations of individual establishments. 


(h) China for Ohio included in New York. 


(m) Included in ‘‘ Other States.”’ 


(c) Porcelain electrical supplies for Indiana 
(d) Value of the pottery products of Maine is included with that of Massachusetts. 
(e) Value of the pottery products of Wisconsin is included with that of Minnesota. 


(f ) Value of pottery 
products of New Hampshire is included with that of New Jersey. 


(g) Includes porcelain electrical supplies 
(7) Included with Connecticut. 
(n) Includes 


As an exponent of the increasing use of burned clay products as a building 
material may be cited the number of building permits issued, together with the 
buildings erected under these permits in 42 of the principal cities of the United 


States for the past two years. 


In 1900 there were 68,417 permits affecting 


buildings valued at $241,516,585, as compared with 85,571 permits affecting 
buildings valued at $372,173,631 in 1901, an increase in number of 25% and 
of over 50% in value. 
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FirE CLiays AND THEIR MANUFACTURE INTO REFRACTORY MATERIALS. 


By HEINRICH RIES. 


Raw Materials.—The individual clays used in the manufacture of refractory 
goods show as much variation in their physical and chemical characters as those 
employed in the making of any other high-grade clay product, and the fact that 
a clay is used in making fire brick or other refractory ware does not necessarily 
mean that it is of refractory character; indeed some of the clays used are of a 
low order of refractoriness, but these are seldom added to the mixture in large 
quantities, being employed in small amounts because of some special physical 
character, such as high plasticity, or density after burning. 

It would be almost impossible to give a definition of the name fire clay which 
would include everything that is put on the market, for many materials 
are called refractory which have very low fire-resisting qualities; but it seems 
desirable that the term should properly be restricted to include only those clays 
which are able to withstand a high temperature, although this character alone 
does not always adapt them to the manufacture of refractory wares. In the 
United States a standard of refractoriness has never been adopted, but a clay 
should not be considered refractory unless its fusing point lies above 2,700°F. 
The degree of plasticity, air-shrinkage, fire-shrinkage, texture and color, are 
exceedingly variable in clays of high refractoriness and consequently these phys- 
ical properties cannot be specified in the definition. 

Color—Fire clays vary greatly in color, being frequently bluish gray, gray, 
or black, due to the presence of organic matter. The reason for this is that many 
fire-clay deposits are intimately associated with coal-beds, and derive their car- 
bonaceous coloring material from the organic matter which accumulated in the 
swamps in which the coal-forming plants grew. Many refractory clays, however, 
do not contain this finely disseminated organic matter, and in these cases the 
color may be buff, white, yellowish, or pink, its shade and density varying with 
the amount and form of iron which the clay contains. Some of the New Jersey 
clays are mottled red and light buff, red and white, or yellow and white, owing 
to the fact that the iron oxide is not evenly distributed throughout the mass. 

Hardness.—There is considerable variation in the hardness of clay due to 
the conditions under which it has been fermed. Many of the Carboniferous 
fire clays buried under thousands of feet of other sediments have been trans- 
formed to shale by pressure, while others formed in more recent geological 
times, and covered since their formation by less sediment have not been hardened, 
but have retained their soft plastic condition and can be easily dug by pick and 
shovel. ‘The Cretaceous and Tertiary fire clays in New Jersey and other por- 
tions of the Atlantic coastal region are of this class. The shale clays, although 
seemingly hard and non-moldable, will generally yield a plastic mass on being 
ground and mixed with water. For this reason shale fire clays and soft fire clays 
are grouped together, forming the “plastic” fire clays, to distinguish them from 
the “flint” clays, which are hard, dense, fine-grained, of variable color, sometimes 


very slight luster, and conchoidal fracture. The latter usually occur in beds, in- 
terstratified with other rocks similar in origin to the shale clays with which 


; 
; 
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they may sometimes occur in the same bed. On grinding and mixing with water 
flint clays develop little or no plasticity, even though they may approximate 
plastic clays in composition. 

Texture.—The same differences in texture exist in refractory clays as in other 
grades ; some are very coarse and sandy, showing large angular particles of quartz, 
while others are exceedingly fine and show little or no grit. This fineness may 
have more or less effect on the fusibility of the clay, as will be mentioned later. 

Fusibility and Composition.—The refractoriness of a fire clay depends chiefly 
on the chemical composition and partly on the fineness of grain. Analysis shows 
that they contain the same components as other clays, but in slightly different 
proportions. 

The percentage of fluxes, t.e., ferric oxide, lime, magnesia and alkalies, is 
usually quite low, as is evident from the analyses of a number of different fire 
ulays given in the subjoined table :— 


Specimens. SiO,. AlgOg. | FeoQOg. CaO. MgO. | Alkalies. |Moisture,| H,O. Miscellaneous. 
[Rear ee 74°28 17°25 1:19 0°40 Trace (Detail ae Seba an he GREGOR lees erin esne ea 
Piya ete a 59°98 30°29 0°27 7) Gd es aaaae 1:02 8 05 Aceh OR) Osh 2 : 
Soe eee 50°350 | 33°64 Mee pe re Trace Ons obo R cece 11-7 rie awe oy 
a vee 46°17 | 80°18 | 0-45 | O18 | Ontt PM | ont Aare. ues 
ae Ae 73°32 16°06 11 0-7 Corie Se: RO to we ee ee 
ere ..{ 68:00 |. 98°57 | . 1°87 VG Sig NS eal CL eer bie Orb. lee des 
Roe eee 73-24 15°76 1°92 0°325 0°579 1°614 ayo ena BCE SEN EES 
Bia eeteen Ss 47°2 BOQ lew aac cig Trace Trace. 0°21 n 2-Fal 12) ae amend PA tie Fao ane 
Qe: 44*395 |) -S8-°BBO 1 se Trace 0°108 Ore eee 14°575 +t 08 et 
nee eee 61:7 23°56 516 0°55 0°15 1:00 2°94 9°25 he we 
Fe Rae ees 61:408 | 25-551 | 0-281 1°32 1°43 CT Baal EE Gs me Aces Pea ae: 
iG ee 61:6 28°38 0°52 0°46 (OV see bgtaeie ee BOs atte gaeee: Te 
eae 46°9 35:9 ih Ons haves degen reece nye 0°44 1°5 42°). We eee. sa 
Le ee8 ae 47°4 89°01 0°15 Trace Trace TRACE Sh Soe cae 14°1 eegrcnee[eseeasae 
15 ise ee 68°28 18°83 2°60 0-7 0-18 2°29 0°76 ry vd os } ee 
166 ne 52°52 | 3184 | 0-67 0°50 0-19 0-59 O60 fires: fe 1} ie 
12ers 58:78 | 26:47 1:22 0°59 0°32 0:99 1°04 O06. ee ee 
iSysscee pans 44°05 rie a aap Reece a 0:49 0°181 0-065 15'21 oe t ees 
Wore 43°46 | 41°61 1:08 0°24 Ooo eee ir, eae |e bieaaLical ue Baca 
DOA Sees 84°42 9°41 1:07 | Trace OE ee Ane mea oe eeeiaiaeed (atte cen Dope rai: 
Shinaiacauann 68°55 26°00 Trace. Trace 0-11 Trace. GeO0 Gs Stee! Ne ae ede rete ae 
PLL fas 68°315 | 19°62 1°55 0-1 0-692 2°704 Benge os [eae nha om 


1. Bibbville, Bibb Co., Ala. 2. Carbondale, Amador Co., Cal.; washed. 
Golden, Colo, 4. Van Buren property, Griswoldville, Ga. 5. Leatherwood Co., half mile from Bloomingdale, 
Parke, Co., Ind. 6, 8. lL. McCune, Mecca, Parke Co.,1Ind. 7%. Wycliffe, Ballard Co., Ky. 8. Flint clay, Louis- 
ville, Carter Co., Ky. 9. Flint clay, Mount Savage, Md. 10. Christy Clay Co., St. Louis, Mo. 11. Flint clay, 
Rolla, Mo. 12. Woodbridge, Middlesex Co., N. J, W. B. Dixon bank. 13. Woodbridge, Middlesex Co., N. J., 
retort clay. 14. White clay, Kreischer’s pit, Kreischerville, Boro’ Richmond, N. Y. 15. Eskridge pit, Grover 
Cleveland Co., N. C. 16. Flint clay, Mineral Point, O. 17. Ballou fire clay, Muskingum Co., O. 18. Five miles 
southwest Clearfield, Clearfield Co., Pa. 19. South Fork, Cambria Co.. Pa. 20. Rapid City, South Dakota, 
21. Montague Coal Mining Co., Henderson Co., Tex. 22. Soft clay, Spragueville, Preston Co., Wash. 


3. Denver Fire Clay Co., mines at 


As can be seen from the above table, there is always a small percentage of 
fluxes, and in most cases the total quantity rarely exceeds 4 or 5%. Another 
point to be noted is the variation in the percentages of silica and alumina, some 
fire clays being highly siliceous, while others are very aluminous. The latter also 
show a high content of combined water. While it has usually been considered 
that a small quantity of fluxes added to a very refractory clay will tend to lower 
its refractoriness, it seems possible under certain conditions to add a large 
amount of some fluxing material without materially decreasing the refractoriness 
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of the clay. This is of special bearing in the case of highly siliceous mixtures, 
as shown by E. Cramer,' who was led to experiment by the fact that very highly 
siliceous rocks, as quartzite schist, when used as a lining in lime and cement 
kilns, were apparently free from any fluxing action although in contact with the 
kiln contents at a very high temperature. He experimented with artificial 
mixtures of carbonate of lime and sand or kaolin, and obtained the following 
results -— 


Chemical Composition. 
Fusing Point Seger Cones. 


Under 26 
SO ieaiicieis « 


These results show that the introduction of the kaolin lowered the fusing point 
appreciably. : 

The manner in which the flux is distributed in the clay must be considered in 
connection with its effect on refractoriness. If the fluxing material is finely dis- 
tributed it will be more effective than if the same quantity were in larger grains 
here and there in the material. This variation in the distribution of the fluxing 
material is often seen in the case of iron, which, when evenly scattered through 
it, gives the clay a uniform tint and when present in small lumps shows spots 
of rust forming fused specks in burning. In the latter case the iron in the 
raw clay may be present as pyrite, commonly known to the workman as sulphur 
balls, which are readily recognized by their metallic luster and yellowish color; 
as limonite concretions often derived from the weathering of pyrite, or as 
siderite. Many fire clays contain from a few tenths to several per cent. of 
titanium, but its effect is seldoim considered, as its fluxing action is of no moment 
when present in small quantities. Silica is regarded as a refractory constituent 
at low temperatures, and as a flux at high temperatures unless in excess. 

Although the size of grain is considered by many to influence the fusibility 
of a clay, others? claim that the size of grain has nothing to do with the heat- 
resisting quality of the clay. The fusibility of several well-known American fire 
clays expressed in terms of Seger cones are given in the subjoined table, which 
includes for comparison several foreign clays :— 


: Seger Cone . Server Cone 

Locality. Neher: Locality. haber: 
Ie 
White fire clay, Kreischerville, N. Y.. 35 Altwasser, IPEUSSIA tite «ors ce wees ke 86 
Christy fire clay, St. Louis, MOR iio. ae 30 Wiesan, Germany...........- Seeighelsisn’s 82 
Golden, Colorado..........sseseeeeeeee 31-32 Geoppersdorf, Germany.......+.+. wae 34 
Mineral Point, Ohi0.........sseeeeeee 33 Gross-Almerode, Germany..... aa taaiers 33 
Mt. Savage, Md. (hard).......--++++++-- 84-35 Vallendar, Rhine Province........... oo 
Sayreville, N.J......eseeeeeeee Site prataters 35 


Plasticity and Tensile Strength.—The plasticity of fire clays varies from 


1 Thonindustrie Zeitung, 25, 976. 
2H. O. Hofman, Transactions of the American Institute of Mining Engineers, 1898, Vol. XXVIII., p. 440. 
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nothing in the flint clays to a high degree in many clays from New Jersey. This 
naturally means a variation in tensile strength, which may range from a few 
pounds per square inch in lean, sandy clays, to 200 lb. or more in very plastic ones. 

Atr- and Fire-Shrinkage-—The shrinkage of fire clays is often in close agree- 
ment with the degree of plasticity which they possess. As a rule fire-brick 
mixtures show a very low shrinkage as they contain much non-plastic material, 
but many of the ingredients are clays of high plasticity and consequently of high 
shrinkage and bonding power; it is on account of the last-mentioned quality 
that they are added for the purpose of holding the non-plastic elements together. 
All fire clays do not shrink in burning, and those of high silica content may ex- 
pand slightly. In a series of tests by Cramer, pure silica or quartz, heated alone, 
increased in size from 3:1 up to 9°5%. The melting point was usually quite high 


-and the swelling was found to increase continuously as the heating proceeded. 


Highly plastic fire clays often burn to a very dense body; the temperature at 
which this densification takes place, however, is not the same in all cases. Fire 
clays used in the manufacture of glass pots may become very dense at a tempera- 
ture slightly above 2,000°F., while others may not show this same condition until 
they have been heated to at least 2,400 or 2,500°F. 

Occurrence.—Fire clays occur under a variety of conditions. They are some- 
times associated with beds of coal, or interbedded with sandstones, limestones, or 
other sedimentary rocks, or again in the form of a thick series of beds, all of 
which are more or less refractory in their character. It is a common custom 
among coal miners to apply the term fire clay to almost every underclay found 
associated with the coal seam, and while this term is a correct one in many regions 
in Pennsylvania or Indiana, it does not follow that every clay underlying a coal 
bed is refractory. In Michigan, the coal beds are invariably underlain by a bed 
of clay or shale, often of gray color and carrying plant remains. These are called 
fire clays, yet not one of them is refractory, as far as experience goes. Fire clays 
may often be interbedded with other plastic materials of a much less refractory 
nature. In some formations, as the Carboniferous, the clay deposits are often 
continuous over considerable areas while in others, as the Cretaceous beds of the 
coastal plain region, they frequently assume a lenticular form, thinning out hori- 
zontally, although of very great thickness in the central part of the mass. All 
fire clays are not sédimentary in origin, some being residual from the decomposi- 
tion of feldspar veins. 

The cause of the freedom of certain clay beds from fusible impurities has been 
explained in several ways. From the fact that many fire-clay beds underlie coal, 
it has been thought that the roots of the plants growing in the swamp under 
which the clay lay absorbed the alkalies and other bases from them. Against this 
may be pointed out that many clay beds of refractory character are not asso- 
ciated with deposits of plant remains. It has also been suggested that the leach- 
ing out of the fluxing impurities by surface waters purified the fire clays, but if 
{his were true, the outcrops would be more refractory than the deeper or more 
buried parts of the bed—a condition not always present, and in some cases the 
reverse. It seems more probable that the fire-clay particles have come from the 
decomposition and erosion of rocks which were comparatively free from iron- 
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bearing minerals, and during the decomposition of the parent rock, many of the 
fluxing impurities were carried off in soluble form. 

Mining of Fire Clays.—Two methods aré usually adopted—the open pit or 
quarry method, and the drifting or underground method. The former is used 
where the clay outcrops at the surface and has little or no overburden. If the de- 
posit is large and uniform throughout, the material can often be dug rapidly 
and economically with a steam shovel, but if the bed is small or the section in- 
volves a number of beds showing widely different characters, it generally becomes 
necessary to dig the material with pick and shovel, in order to avoid mixing the 
different varieties. The steam-shovel method of mining is applicable in some 
deposits in Ohio, while the open pit method is the one mostly used in other 
regions. Underground working is necessary where the fire clay is overlain by a 
considerable thickness of other material of no economic value. In some cases 
horizontal beds outcrop on the side of a hill or mountain, in which case it is 
customary to run a drift into the hill and drive radiating gangways from this. 
In other cases the shale bed has to bé reached by means of a shaft from which 
levels are driven into the fire clay. In regions where this is necessary the refrac- 
tory clays are often found interbedded with coal or other clays of considerable 
value. Many clays in Pennsylvania are worked by drift, while in Indiana and 
Missouri, the shaft method of mining is often adopted. 

Geological Distribution.—Refractory clays are found in many formations from 
ihe pre-Cambrian to the Tertiary. The pre-Cambrian fire clays are of residual 
nature and rarely of great extent, being more or less veinlike in form. They 
occur at several points in the southern Appalachian region. ‘There is no reason 
why residual fire clays should not be formed from igneous or metamorphic rocks 
of pre-Cambrian or other ages, but they are not known to exist in any quantity 
in the United States; in Germany, however, some of the more refractory clays 
are derived from the weathering of quartz porphyry. The Carboniferous is on¢ 
of the most important American sources of plastic and the flint fire clays, and 
deposits are found in Pennsylvania, Ohio, Kentucky, Indiana, and Missouri. 
The Cretaceous contains vast supplies of fire clay in the Atlantic coastal plain 
region of the United States, which are especially abundant in New Jersey and 
are also known in Maryland, North Carolina, Georgia, Alabama, and Texas. The 
Jura-Trias contains no refractory materials in the Eastern States, but some of 
the fire clays found along the eastern Rocky Mountains belong undoubtedly to this 
age. Fire clays of Tertiary period are known in the Atlantic States, and also in 
the Cordilleran region, but as compared with those of the Cretaceous, they are 
very little developed.. Up to the present time few refractory clays of Quaternary 
period have been developed in the United States. They are known in New Jersey. 

Geographical Distribution of Fire Clays in the United States——Many State 
surveys have taken up the investigation of their clay resources, and much informa- 
tion is to be obtained from these reports, but there are other States containing 
an abundant supply of refractory material which has never been systematically 
investigated, owing often to the absence of a State survey. 


y 


Alabama.*—Refractory and semi-refractory clays are found chiefly in the 


% H. Ries, ‘‘The Clays of Alabama,” Bulletin No. 6, Alabama Geological Survey. 
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Cretaceous formation, but are also known in the Carboniferous. The latter are 
found at Fort Payne and Valley Head. Some refractory clays are also seen in 
association with the bauxite deposits near Rock Run. The fire brick works at 
Ensley, near Birmingham, have drawn much of their raw material from Wood- 
stock, Bibbville, and Anniston. It is not unlikely that the residual kaolins found 
in the areas of crystalline schists may be found of value for the manufacture of 
fire brick at some future time, but at present most of them are located some dis- 
tance from the railroad. 

Arkansas.*—Little has been published on the clays of this State, but an abun- 
dance of good material is said to occur in the Mesozoic formations. 

Colorado.°—There are many important fire-clay beds of Cretaceous age occur- 
ring in the eastern foothills of the Rocky Mountains. The deposits usually dip 
at a high angle and are interbedded with sandstones of Dakota age. Some of 
the clays are of high refractoriness, and can be used in the manufacture of fire 
brick, crucibles and assayers’ apparatus. They have been actively mined near 
Golden and at several other localities, and form the basis of an important local 
industry. 

Delaware.—Fire clays of Cretaceous period are said to be worked to a small 
extent. Some of them are used in the manufacture of chemical stoneware. 

Georgia.“—The Potomac formation contains many clays of a white or nearly 
white color and of considerable refractoriness. They are mined at several locali- 
ties along the Fall line, notably around Griswoldsville, but are little used in the 
manufacture of fire brick. 

Indiana.’—Many beds of fire clay are found in the Coal Measures, and occur 
interbedded with coal seams, as well as with other clays or shales of less purity. 
The beds are often quite persistent, being pierced at many localities by shafts. 

Kansas.—So little clay of good quality is found in this State that all of 
that required by the zinc smelters has to be shipped in from other States. 

Kentucky.’—Both plastic fire clays and flint clays have been found in the 
State, and while an abundance of material is reported, the deposits have not been 
exploited systematically. A number of analyses are given in the reports of the 
Kentucky Geological Survey, referred to below. The known deposits are of Car- 
boniferous and Cretaceous age, and exist in the counties of Ballard, Bell, Boyd, 
Calloway, Carter, Edmonson, Graves, Grayson, Fulton, Hickman, and Muhlen- 
berg. 

Maryland.°—This State contains three classes of fire clay, viz.: (1) Flint and 
shale clays of the Carboniferous period, which are worked at several points along 
Savage Mountain in Alleghany County and manufactured into the well-known 
Mount Savage fire brick. These clays occur also in Garrett County. (2) Poto- 
mac clays, forming lenticular deposits at many points in the coastal plain, and 


4 Mineral Resources, United States Geological Survey, 1891, p. 516. 

5 H. Ries, ‘‘The Clays and Clay-working Industry of Colorado,” Transactions of. the American Institute 
of Mining Engineers, 1897, p. 336; Emmons, Cross & Eldridge, ‘“* The Geology of the Denver Basin, Mont.,”’ 27, 
United States Geological Survey, p. 387; S. Geijsbeck, ‘“‘ The Clays of Colorado,”’ Clay Worker, 36, 424. 

6G. E. Ladd, ‘‘ The Clays of Georgia,” Bulletin 6-A, Georgia Geological Survey. 

7W.S. Blatchley, Twentieth Report, Department of Geological and Natural Research, p. 40. 

8 Kentucky Geological Survey, Chemical Reports, A, Parts I., II. and III. 

9 ‘The Clays of Maryland,” by H. Ries, Maryland Geological Survey, Vol. TV. 
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worked more or less in Cecil County for the manufacture of stove brick. 
(3) Residual clays of pre-Cambrian period, found at several points near the 
western edge of the coastal plain, and used in the manufacture of fire brick and 
gas retorts. 

Missouri.1°—Plastic and flint fire clays are found in this State. The former 
are of Carboniferous period, and are extensively worked around St. Louis, where 
they are associated with coal seams. The fire clays may be Ordovician, Silurian, 
or Carboniferous period, and usually form basin-shaped depesits in limestone. 
They are not as refractory as the Pennsylvania ones. 

New Jersey.!'—The fire clays are found chiefly in the Cretaceous formation 
which extends across the State in a belt from five to eight miles wide, from Perth 
Amboy to Trenton. The section, which is several hundred feet thick, involves 
several beds of fire clay and fire sand of well marked stratigraphic position. The 
most important of these is the Woodbridge fire clay, which is extensively worked, 
and supplies many of the fire-brick factories in that region and in other States. 

New York.12—Fire clays are found on Staten Island, near New York City, anr 
used locally. 

North Carolina.1*—Fire clays of residual character resulting from the decom- 
position of granite veins exist in the western and southern part of the State. 

Ohio.1t—The fire clay deposits are practically co-extensive with those of coal. 
The sub-Carboniferous contains valuable deposits of flint clay, which is mined at 
several points in Hocking County, and several beds of fire clay are also found in 
the Carboniferous conglomerate. Other beds occur over the Sharon coal in the 
Massillon sandstone, and also under the Mercer limestone. The Kittanning clay 
and shale is the most important in the State and is the formation which yields 
the well-known Mineral Point fire clay. 

Pennsylvania.**—The refractory clays and shales of the coal measures of Penn- 
sylvania form one of its most important minéral resources, especially in tthe 
western part of the State. Among the more important of these are the Bolivar 
fire clay, under the Freeport upper Coal Measures, and a fire clay underlying the 
Kittanning coal in Beaver County, etc. Another important bed oecurs in Indiana, 
Cambria, and Beaver counties. 

South Dakota.—Extensive beds of fire clay occur in the Dakota formation sur- 
rounding the Black Hills, and beds of good quality have been worked at Rapid 
City. 

Tennessee.t®—The clay resources of this State are similar to those of Ken- 
tucky. The Carboniferous fire clays are abundant in the eastern half of the 
State. 


10 H. A. Wheeler, ‘‘ The Clays of Missouri,” Missouri Geological Survey, Vol. XI. 

11 G. H. Cook and J. G. Smock, Report on the Clays of New Jersey, New Jersey Geological Survey, 1878. 

12 H. Ries, ‘‘ The Clays of New York,” Bulletin 35, New York State Museum, 

13 H, Ries, ‘‘The Clays and Clay Industry of North Carolina,’ Bulletin 138, North Carolina Geological 
Survey. . 

14 B, Orton, Jr., ‘‘ Clays and Clay-working Industries of Ohio,” Ohio Geological Survey. Vol. VII., Part I. 

15 Various reports, Second Pennsylvania Geological Survey ; also, “ Clays of Western Pennsylvania,’’ by 
T. C. Hopkins, 1897, Report of Pennsylvania State College. 

16 R, T. Hill, Mineral Resources, United Geological Survey, 1891, article on Clay. 
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Texas.—Fire clays occur in the Fayette formation of the timber belt lands, and 
are known in Fayette, Henderson and Limestone counties. 

Uses of Refractory Clays——Fire bricks represent the most common type of 
refractory material and the greater part of the refractory clay which is mined is 
used for this purpose. The bricks are used for lining various types of metal- 
lurgical furnaces, brick kilns, lime kilns, glass furnaces, and in other places 
where resistance to great heat is required. With such a varied use it follows that 
the product must meet many different requirements. The first demand is for a 
great variety of shapes in order to fit into the outlines of the furnace or other 
structure in which they are to be used. For this reason many manufacturers 
have to carry a large number of stock shapes and many special ones. Next in 
importance to the shape is the condition under which the brick is to be used. 
Some simply require a resistance to heat, others must withstand abrasion, while 
others are exposed to the corrosive action of molten materials. From this it is 
evident that the manufacturer must produce not only a variety of shapes, but 
also. must use a number of different mixtures, each compounded to suit special 
requirements. 

Fire bricks aré sometimes made from clay alone, or from a mixture of a small 
propertion of clay with other refractory materials. Of this class is the “Dinas” 
brick, which contains about 97% SiO,, and about 3% of some bonding material, 
as lime ganister, which is a refractory siliceous rock containing enough clayey 
matter to hold it together when wet, and magnesite brick, made of magnesium 
carbonate, or magnesite, with a clay binder. Among special kinds of refractory 
materials are locomotive tile, steamboat tile, steel runners, sleeves, nozzles, cruci- 
bles, stove-linings, glass pots, gas retorts tuyeres, rolling-mill tiles, hexagon stove 
shapes, grate-backs, glass tank furnace blocks, muffle furnaces, muffles, scorifiers, 
and various other special shapes. 

The Manufacture of Fire Brick.—Fire brick are usually made of a mixture of 
several more or less refractory clays, ground fire brick or burned clay, and sand, 
which is of good refractoriness and burns to a brick of the proper physical char- 
acter. If the product is to stand heat alone and change of temperature, it is 
usually made of rather open texture, but if resistance to corrosive action is called 
for, a more dense-burning body must be made by the addition to the mixture of 
a greater body of plastic clay. Shale must first be ground in a dry-pan, and old 
fire brick, which are added as anti-shrinkage ingredients, are generally ground in 
the same machine. 

Mixing the Clays.—Clays are mixed in soak pits, ring pits, or wet pans. The 
first-named consists of a large and rather shallow pit into which are dumped the 
ingredients of the brick mixture one layer on top of the other, each in the right 
proportion. When the pit is filled, water is added and the mass allowed to soak 
thoroughly, after which it may be further mixed in a pug-mill before molding. 
The ring pit method is the same as that used in the manufacture of soft-mud 
building brick, the proper quantity of the different clays, sands, and ground up 
bricks being dumped into the pit, water added, and the mass thoroughly mixed 
and tempered by means of the large iron wheel which travels around in the pit. 

When wet pans are used the material is tempered very rapidly, and in some 
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cases the harder lumps are given a preliminary grinding in a dry pan. After 
the mixture has been thoroughly worked or tempered it may be carried directly 
to the molding floors, or, if not required for immediate use, it is stacked up 
in bins and covered with cloths to prevent the evaporation of moisture as much 
as possible. 

Molding.—Fire brick manufacturers originally molded ordinary shapes of fire 
brick by the soft-mud process, and, while some of them a few years ago tried the 
stiff-mud, or the dry-press process, the conclusion has been reached that the soft- 
mud method of molding is the best. In molding soft-mud fire brick some works 
form the common shapes by hand-pressure in wooden molds, while others prefer 
the soft-mud brick machine, operated by steam power. The stiff-mud process is 
sometimes used and in rare instances the semi-dry process. The product in either 
case is a very soft green brick of rather rough shape, which has to be re-pressed, 
usually in a hand-power machine. The re-pressing makes the brick somewhat 
denser, and straightens the edges and corners. 

Drying and Burning.—Drying is usually done on floors heated by flues passing 
underneath from a coal fire at one end. 

Burning was formerly done in up-draft or down-draft kilns, but at the present 
most manufacturers usé a circular down-draft kiln of diameter varying from 15 
te 25 ft. In the case of fire brick less skill is required for successful burning 
than in most other branches of the clay-working industry. Color is not an item 
that has to be considered, and, on account of the refractory nature of the clay, 
there is no danger of overburning, for the temperature of fusion of the brick is 
never attained in the kiln. Some of the brick may come from the kiln softer than 
others, but this does not mean a loss, as many prefer a soft brick to a hard one. 
The temperature attained in most fire-brick kilns probably never exceeds 
2,400°F. The forming of large or complicated shapes of fire brick, such as 
slabs, tiles, or other pieces, cannot be done by machinery. These are usually 
shaped by hand in wooden molds, often filled with more clay than necessary, and 
set into a machine. On applying pressure on the top of the clay, the excess is 
squeezed out and scraped off, the mold is then emptied on to the drying floor 
or to a wooden pallet and subsequently carried to the drying-room. 

Fire bricks are not subjected to as much heat in drying as other bricks, and 
Kastern manufacturers usually dry them at a higher temperature than those in 
the West. 

Gas Retorts—The manufacture of gas retorts represents a branch of the refrac- 
tory ware industry which is of decreasing importance. In making these retorts, 
large sectional wooden molds are used, the retort being built on end. The mold 
consists of an outer shell and a wooden core, whose surface is the same as the in- 
terior surface of the retort. The lower section of the mold is set on the planking 
on which the retort is to be built up, and the first section of the core placed inside 
of it, the space between the two being tamped full of clay. Then a second section 
of the mold is set on the first, and the clay filled in until the entire length of the 
retort is built up. When completed, the core is withdrawn and the shell of the 
mold removed. The retort remains standing on end and is carefully dried for 
several weeks before being placed in the kiln for burning. 


: 
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Glass Pots—The manufacture of glass pots represents probably the highest 
branch of the refractory clay industry, as it requires not only the best grades of 
clay, but also great skill and care during the entire process of manufacture. Fur- 
thermore, the product is one of the very few forms of refractory material which 
is not burned before use. For many years the glass-pot clays used in the United 
States were imported, mainly from Germany and Belgium, but at present, 
although the imports have not entirely ceased, much native clay is used. The re- 
quirements of a glass-pot clay are most severe, for in use the pots are not only sub- 
jected to high temperature, but also to the corrosive action of powerful fluxes, 
as soda or lead. The raw material must therefore be refractory, in order to 
resist the fluxing action of the molten glass; it must be plastic to a marked 
degree in order to bind the mass together, especially as more or less non-plastic 
material is put into the mixture and the pot in the green condition has to hold 
together when moved, and finally it must have a proper density when burned at 
a low temperature. 

The American glass-pot clays are obtained chiefly from Missouri and Pennsyl- 
vania, although small quantities are mined in Ohio. Some clays are washed be- 
fore use and all raw materials are rigidly examined, to insure proper quality. 

Homogeneity is of great importance, and the miners of the clay often allow it 
to weather from several months to two years or more before it is used. The 
mixture is carefully ground, tempered, and stored under moist blankets until 
used. The pot is built up piece by piece, using special clays in the top, sides and 
bottom, depending on the action to which each will be subjected. 

From one month to six weeks may be required to complete a pot, and several 
additional weeks for drying. The pot is then sent to the glass factory, where it 
is put into the furnace and heated up very slowly. It is not allowed to cool until 
it is worn out, which may be several months. The tank furnaces used in the 
manufacture of glass are lined with large tightly-fittng blocks of refractory 
material similar in composition to that used in making the glass pots. 


REVIEW OF LITERATURE OF CLAYS AND Chay Propucts For 1901. 
By HEINRICH RIES. 
CLAY DEPOSITS. 


Unitep Statres.—Colorado.—The Colorado clay deposits are described by S. 
Geijsbeck in the Clayworker, Vol. 36, p. 424, dwelling chiefly on the Mesozoic 
fire clays occurring along the eastern foothills of the Rocky Mountains. 

Iowa.—In the Eleventh Report of the Iowa Geological Survey the clays are re- 
ferred to under the special reports on Louisa, Marion, Pottawattomie, Cedar, 
Page, Clay and O’Brien counties. 

Wisconsin.—The clays and clay industries of Wisconsin are treated by E. R. 
Buckley, in the Report of the Wisconsin Geological and Natural History Survey 
(Bulletin No. 8, Part I., Economic Series, No. 4). The State contains a variety 
of clays suitable for the manufacture of brick and tile. The residual clays are 
derived from both igneous and sedimentary rocks, while the transported clays 
are of glacial Lacustrine or Afolian origin. The clays of the extreme northern, 
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castern and southern parts of the State are very calcareous; those found in the 
southwestern, western, and northern central portions are moderately so, while in 
the central section, which borders the area of crystalline rocks, they are very 
low in calcium. White-burning sedimentary clays occur in the western and 
central portions of the State, and some are washed and prepared for paper manu- 
facturers. 

ForEIGN CountTRIES.—A ustria.—F. Ulzer, in the Mittheilung des k. k. Thon. 
Gewerbe Museum, in Wien, 1900, 10, 190-191, describes a washed kaolin which 
had 295% Fe,O, and in burning became yellow at 1,270°C. The locality is not 
given. 

British Guiana.—In the Engineering and Mining Journal, August 1%, 1901, 
the existence of a superior grade of kaolin is reported from the district along the 
Corentine River in British Guiana. The analysis of this kaolin is: H,O, 8°01%; 
T10,, trace; Fe,Os, 121% ; Al,O3, 2416% ; CaO, 0°39% ; MgO, 0°27% ; potash, 
004% ; soda, 0°01% ; sand, 23°35% ; SiO,, 41°98%. 

Germany.—Kaolin from Hirscham, Germany, as stated by the Thonindustrie 
Zeitung, Vol. 25, p. 2005, showed SiO,, 47-84% ; Al,O,,-38°19%.; Fe,0,, 0°99: 
CaO, 0°65:% ; MgO, trace; K,O and Na,O, 0°66%. 

[taly.—Some of the china clay used in Italian industry is obtained from 
domestic sources, yet the larger quantity comes from England and France, whose 
products are superior. Many veins of kaolin are reported to exist in Sardinia, ac- 
cording to the Journal of-the Society of Chemical Industry, December, 1901, 
p. 1259. The kaolin pits of the Province of Vicenza, Italy, have been worked 
for a number of years. The deposit lies along the contact of the Triassic lime- 
stone and porphyritic tuff, but the percentage of iron in it is sufficient to pre- 
vent its use for porcelain. (Thonindustrie Zeitung, Vol. 25, p. 1034.) 

New South Wales.—According to the Report of the Department of Mines of 
New South Wales for 1900, fire clay is mined to some extent. Several analyses 
ure given for different localities, one of which, from N ewbridge, shows 0:08% V. 
The clays of New South Wales are referred to and many analyses given in the 
volume on the Mineral Resources of New South Wales for 1901. 

Ontarto.—Analyses of clay from Marl Bank and East Garafraxa, Ontario, are 
given in the Report of the Bureau of Mines, 1901, p. 16. These clays are used 
for making Portland cement. 


Ciay INDUSTRIES. 


Pennsylvania—W. G. Irwin, in an article in the American Manufacturer, 
1901, p. 886, on fire clays and the fire-clay industry, makes general reference to 
some of the better known fire clays of Pennsylvania. The same author, in a paper 
on the silica brick industry, Ibid., p. 950, refers to the manufacture of these 
products in Pennsylvania. The plant of the Soisson Fire-Brick Co., at Connells- 
ville, is described on p. 762 in the issue of June 20, 1901, and analyses of the 
raw material are given. 


r 


Formosa.—According to the Engineering and Mining Journal, Vol. %2, p. 64, - 


the brick-making industry in Formosa is said to be growing, especially as a result 
of recent encouragement received from the Japanese, who suggested the use of 
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kilns for burning bricks. There are now 12 large and prominent factories in 
which Japanese are interested, which have a total monthly production of 
2,500,000 bricks. Roofing and floor tiles are among other clay products. 

France.—The clays and clay products at the Paris Exposition of 1900 are 
described by H. Ries in the Twenty-first Annual Report of the United States 
Geological Survey, Part VI., continued. 

Germany.—G. C. Vater describes, in the Clayworker, July, 1901, p. 20, the 
clay mines and works at Gross Almerode, Germany. The clays are used to a large 
extent in the manufacture of glass pots and shipped to many foreign countries. 
A large amount of the clay which is of Tertiary age is mined underground. 

Philippines.—G. B. Rice, in the Clayworker, p. 385, describes the manufacture 
of fire bricks in the Philippines. The refractory clay occurs from 25 to 50 ft. 
below the surface. The molding is done in molds of hard wood and the bricks 
are baked in rather crude kilns. 

Russia.—The ceramic industry of Russia is briefly referred to in the Thonin- 
dustrie Zeitung, Vol. 25, p. 1875. 

Scandinavia—The brick industry of Scandinavia is briefly discussed in an 
anonymous article in the Thonindustrie Zeitung, Vol. 25, p. 13802; also another 
article which also includes Denmark, in the same volume, p. 1350. 

South Africa.—Brick-making in South Africa is referred to in the Clayworker, 
Vol. 36, p. 219. 

United Kingdom.—Hecht and Gary, in the Thonindustrie Zeitung, Nos. 72 
and 73, describe the clay products at the International Building Exposition, held 
in London. 


REFRACTORY MATERIALS. 


H. Cramer, in the Thonindustrie Zeitung, 1901, Vol. 25, p. 864, gives the re- 
sults of his examinations of a number of substances used in the manufacture of 
Dinas bricks and the effect on them of repeated heating. He found great dif- 
ferences in their behavior, especially as regards their density, bulk, and ex- 
pansion. After cight heatings at cone 16 to 17 the sp. gr. of quartz varied from 
2°45 to 2°66. On the first heating there was a very irregular increase in bulk 
in the different heatings; one specimen of a fusion point the same as cone 36 
increased 3°1%, and another of a fusion point cone 35 increased 9°5%. The 
purest materials seemed to swell only a little at first, later the gain was continu- 
ous. The same author, in experimenting on the softening point of refractory 
ciays, as given in the T’honindustrie Zeitung, Vol. 25, p. 706, made cylinders of 
these materials and heated them several times to cone 17, the bars being sup- 
ported only at the ends. He came to the conclusion that clays became more re- 
fractory the oftener they are fired. 

Dr. Steger, in the Thonindustrie Zeitung, Vol. 25, pp. 1918, 1934, 1956, dis- 
cusses the different kinds of refractory materials, including magnesia bricks, 
chromite bricks, lime bricks, carborundum, and refractory tiles. Numerous 
analyses are given of the raw material obtained from different localities. 

The fusing points of a number of quartzites from southern Russia are given 
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in the Thonindustrie Zeitung, Vol. 25, p. 1850. Most of them melt around cone 
34, and they increase in size during iit heating from 1:2 to 6%. 

Silica brick is manufactured to a large extent in western Pennsylvania, much 
of it being made from sandstone of Medina age (Clayworker, Vol. 36, p. 130). 
The material is abundant in Huntingdon and vies counties, while ganister de- 
posits are also known. 

During the past year an extensive find of flint fire clay has been made at 
Cowansville, Armstrong County, Pa. It lies in the upper Freeport stratum of 
the lower Coal Measures. 

The manufacture of fire brick is discussed in the Clayworker, Vol. 36, p. 314. 


PROPERTIES OF CLAY. 


Tensile Strength—I. A. Williams, in the Clayworker, Vol. 19, p. 11, dis- 
cusses the tensile strength of dried clay as a measure. of plasticity, and from the 
results of his tests on a series of Iowa clays, comes to the conclusion that un- 
qualified reliance cannot be placed on the tensile strength of the dry clay as a 
measure of its plasticity, but that such tests serve as a means of comparison 
among clays of the same class. 

According to E. Orton, Jr., in the Transactions of the American Ceramic 
Society, Vol. 3, p. 204, the tensile strength of mixtures of plastic ball clay 
with equal quantities of non-plastic sands will vary inversely with the diameter 
of the grain of sand, from grains of 0°04-in. diameter down to the finest grains 
obtainable, and furthermore the non-plastie ingredients of the clay influence the 
tensile strength inversely as the diameter of their grain, the finer-grained clays, 
other things being equal, possessing the greatest tensile strength. 

Composition The analyses of several Southern clays lead W. H. Zimmer 
to believe that some kaolins contain hydrated silicie acid, the action of which 
is very noticeable on the pottery body. As stated in the Transactions of the 
American Ceramic Society, Vol. 3, p. 25, he finds that the presence of any 
important quantity of free hydrated silicic acid shows the following tendencies: 
(1) To produce, at equal temperatures, an increase in translucency over that 
obtained with quartzitic silica only; (2) to’produce a better color; (3) to increase 
air-shrinkage and fire-shrinkage; (4) to lower temperature of vitrification ; 

(5) to warp in drying; (6) to yield a hard coating which often forms on the 
surface from the deposition of H,SiO, from water used in making the ware 
plastic. 

Dr. Carl Bischof, in.a pamphlet entitled Gesammelte Analysen der in der 
Thonindustrie benutzten Mineralien, has collected in convenient form nearly 
all of the published analyses of foreign clays as well as many of American origin ; 
analyses of refractory materials, other than clay, are also included. 

Bricxs—A. Marston, in a paper in the Jowa Engineer, gives the results 
of a series of experiments on dry-pressed brick as compared with those from 
surrounding States. The tests included cross-breaking, crushing, absorption, 
specific gravity, and freezing. The author considers that the cross-breaking 
tests are of special value. In the absorption tests the brick showed a con- 
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siderable increase in weight in the first three or four hours, but after the 
first 24 hours the increase was extremely slight. 

FireProorinc.—Mackler, in the Thonindustrie Zeitung, Vol. 25, p. 2068, 
describes the form of fireproofing blocks known as Hourdis, so much used in 
southern Germany and Italy. They stand in strong contrast to American ones, 
having a thickness of only 10 mm. with a length of 100 em. Attempts were made 
io manufacture these from calcareous clays of northern Germany without success. 
The analysis of the clay used was: ignition loss, 1:02% ; SiO,, 55°48% ; Al.O,, 
15°16% ; CaO, 11°68% ; MgO, 5°22%; alkali, 370%. 

Cray Batiast.—W. Shea, in a paper before the Railway Road-Masters’ Con- 
vention, in Washington, reported in the Clayworker, Vol. 19, p. 177, gives the 
cost per yard of ballast on the cars as follows: Land interest on track material, 
track labor, and stripping, 4c.; coal, 13°5c.; burning, 17°5c.; hand-loading, 7c. ; 
total, 42c. He considers clay ballast very efficient but not as strong as screened 
rock ballast, although cheaper to maintain and easier on the rolling stock. The 
life of the two materials is considered to be about the same, but the life of the 
railroad tie is about 10% longer on clay ballast. The Chicago and Great Western 
Railroad is installing a large plant at Des Moines, Ia., for the burning of clay and 
shale to be used as ballast. 

PAVING-BRICK.—The committee appointed by the National Brick-Makers’ Asso- 
ciation for determining the best methods of testing paving brick has handed in 
its final report, and according to the Clayworker, Vol. 36, p. 436, has adopted 
the following specifications for a standard method of conducting the rattler 
test = 

I. Dimensions of the Machine-—The standard machine shall be 28 in. in 
diameter and 20 in. in length, measured inside the rattling chamber. Other 
machines may be used, varying the diameter between 26 and 30 in., and in 
length from 18 to 24 in., but if this is done, record of it must be attached to the 
official report. Long rattlers must be cut up into sections of suitable length by 
the insertion of an iron diaphragm at the proper point. 

II. Construction of the Machine.—The barrel may be driven by trunnions at 
one or both ends, or by rollers underneath, but in no case shall a shaft pass 
through the rattler chamber. The cross-section of the barrel shall be a regular 
polygon, having 14 sides. The heads shall be composed of gray cast iron, not 
chilled nor case-hardened. The staves shall preferably be composed of steel 
plates, as cast iron wears and ultimately breaks under the wearing action on 
the inside. There shall be a space of 0°25 m. between the staves for the escape 
of dust and small waste pieces. 

Other machines may be used having from 12 to 16 staves, with openings from 
0125 to 0°375 in. between staves, but if this is done a record of it must be 
attached to the official report of the test. . 

III. Composition of the Charge. 


All tests must be executed on charges con- 


taining but one make of paving material at a time. The charge shall be com- 
posed of the bricks to be tested and iron abrasive material. The brick charge 
‘shall consist of that number of whole bricks or blocks whose combined volume 
most nearly amounts to 1,000 cu. in., or 8% of the cubic content of the rattling 
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chamber. (9, 10, or 11 bricks are required for the ordinary sizes on the market.) 
The abrasive charge shall consist of 300 lb. of shot made of ordinary machinery 
cast iron, of two sizes, as described below, and the shot charge shall be composed 
of 75 lb. of the larger size and 225 |b. of the smaller size. 

IV. Size of the Shot——The larger size shall weigh about 7°5 lb. and be about 
2°5 in. square and 4°5 in. long, with slightly rounded edges. The smaller size 
shall be 1°5-in. cubes, weighing about 0°875 lb. each, with square corners and 
edges. The individual shot shall be replaced by new ones when they have lost 
10% of their original weight. 

V. Revolutions of the Charge-—The number of revolutions of the standard 
test shall be 1,800 and the speed of the rotation shall not fall below 28 nor 
exceed 30 per minute. The belt power shall be sufficient to rotate the rattler at 
the same speed whether charged or empty. 

VI. Condition of the Charge-——The bricks composing a charge shall be thor- 
oughly dried before making the test. 

VII. Calculating the Results.—The loss shall be calculated in percentages of 
the weight of the dry brick composing the charge, and no result shall be con- 
sidered as official unless it is the average of two distinct and complete tests, made 
on separate charges of brick. 


POTTERY. 


History.—In an article in the Thonindustrie Zeitung, Vol. 25, p. 1368, the 
manufacture of Delft ware is said to have been commenced at Delft by Hermann 
Peters, in the beginning of the seventeenth century. By 1620 eight factories were 
in operation, and in 1670, 28 were running. 

C. F. Binns, in the Transactions of the American Ceramic Society, Vol. 3, dis- 
cusses the birth of English porcelain, and states that it really had its beginning 
in 1744. The composition of different materials used in its manufacture is also 
given. 

R. L. Cawood, in the Clayworker, Vol. 37, p. 60, gives an interesting account 
of the evolution of the pottery industry of the United States, and points out 
the wonderful strides which the industry has made during the past 25 years. 

The history of the Aachen pottery works is given in the Thonindustrie Zeitung, 
Vol. 25, pp. 77-78. ; 

Pottery Mixtures——E. Lindner, in the Sprechsaal, 1901, pp. 34-36, dis- 
cusses porcelain sands and: the composition of porcelain pastes. The composition 
of a porcelain body must be such that it will not only withstand temperature 
changes but also be plastic and transparent, the latter property varying with the 
temperature of the firing. Silica varies from 58 to 72%; Al,O;, 22 to 35%, 
and K,O not above 5%. The calcining of flint before putting it into the body 
decreases breakage in firmg. He also states that the most perfect porcelains are 
those in which the silica is completely combined with the alkali. Lime-tends to 
increase the warping, but is sometimes used as a flux. Sandy pastes if not burned 
to vitrification may show great indifference to changes in temperature. 

S. G. Burt, in a paper on the “Fineness of Flint and its Relation to the 
Manufacture of Pottery Bodies,” in the Transactions of the American Ceramic 
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Society, Vol. 3, p. 17, discusses whether there is any difference in the effect pro- 
duced by the use of French flint, silica sand, or rock flint, in pottery bodies and 
concludes that the difference, if any, is extremely slight, and that with uniform 
fineness of grain equally good results can be obtained by the use of any of those 
three kinds of flint, but that the variation in the degree of fineness may cause 
considerable variation in the behavior of the glaze. 

Glazes.—In a report made to the Home Secretary on the “Use of Lead in 
the Manufacture of Pottery,” by J. E. Thorpe, noted in the abstracts of the 
Journal of the Society of Chemical Industry, May, 1901, p. 475, the author comes 
to the conclusions that the lead in glazes is insoluble in a 0°25% HCl solution 
provided the ratio of bases to acids does not exceed 1°45:1:00. Finer grinding 
increases the solubility of the lead, still it was not as much as was expected. 
Most glazes when ground sufficiently fine for commercial purposes were found 
to be within the limits of insolubility prescribed for. It was also found that 
the insolubility of the lead does not depend on the actual quantity of this metal 
in the glaze. 

In discussing the permissible variation in the silica and alumina content of raw 
lead glazes, W. M. Fickes, in the Transactions of the American Ceramic Society, 
Vol. 3, p. 112, finds that good, perfect glazes can be produced with other oxygen 
ratios than 1: 2,-but that ratios between 1:1°5 and 1:2 are the safest limits for 
raw lead glazes. The molecular ratio seems to exercise an important function in 
controlling the hardness of the glazes and the tendency to crystallization during 
cooling ; between the molecular ratios of 1:8 and 1:15 there is more chance to 
form a good perfect glaze regardless of the oxygen ratios and RO elements than 
with other numbers, for each combination in which good glazes can be produced 
will depend on the fluxing power. 

Under the heading of “New Glaze Fluxes,” W. Cannon (Ibid.’ Vol. 3, p. 113) 
states that dolomite can be successfully used in place of whiting in many glazes, 
the results being the production of a better color and lack of crazing than any 
corresponding white glazes. He points out the abundance of dolomitic limestone, 
especially in Ohio, and believes that it can be used to replace the English whiting, 
which is much more expensive. 

The ceramic stoneware made by the Sever’s Porcelain works for the Paris 
Exposition is described by G. Vogt, in La Ceramique, 3 (133), 127-131; 
(abstracted in the Journal of the Chemical Society of Indiana, June, 1901, p. 
500). Mr. Vogt describes the manufacture of this material and gives the com- 
position of the glazes and the proportions of the different clays used. 

Improvements in the bodies of stoneware and the increasing use of this ma- 
terial for chemical work is pointed out by C. Schatler, in the Zeitschrift fur 
Angewandte Chemie, 1901, pp. 728-733. 

H. Haskovee gives the following analysis of sand used for the manufacture of 
silica balls: SiO,, 98°54% ; Al,O,, 015%; Fe,0,, 0°32% ; MgO, 0:03% ; CaO, 
001% ; alkali, trace; ignition loss, 0°22%. This silica is considered to represent 
the composition he adopted for use in glazes. 

J. Salt, in a paper on the “Flow of Underglaze Colors in Pottery,” in the 
Moniteur Ceramique, Vol. 32, p. 138, points out that the “flowing of these printed 
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colors (chiefly blue, black, and dark green) of the underglaze when fired is 
produced by the aid of copper oxide added to the colors themselves or in some 
case by putting a mixture of lime and common salt in saggers with the printed 
ware. Similar results may be obtained by the presence of tin compounds and 
salt in the coloring glaze.” 

Pyrometers.—A. F. Hottinger, after experimenting with Seger cones, con- 
cluded that “in the Cramer cones, which use a boro-silicate fritt, the oxide of iron 
should be dropped out because it introduces an element of uncertainty, but that 
this substance is not in itself the cause of irregular behavior of the Cramer cones 
when used in muffle terra cotta kilns,” the real causes being due to the expulsion 
of boric acid from the cones by sulphuric acid generated in the fuel and also 
in the conversion of calcium carbonate into calcium sulphate in the same man- 
ner. As a result of these two changes the ratio of fluxing ingredients is greatly 
interfered with, so that a cone no longer melts at the proper temperature, 
or even melts in a normal manner when it finally does go over. He therefore 
recommends the use of another fritt which will not be so readily acted upon by 
acid vapors. He further says that little or no free lime should be used in the con- 
struction of the Cramer cone series. 

Bibliography.—The following manuals and general works have appeared dur- 
ing 1901 :— 

Auscher, E., and Quilliard, C.—Les Industries Ceramique. J.B. Baillier et fils, 
Parts, 1901, 5 francs. 

Beck, J.—Ziegelei anlagen und Ziegel Fabrikation. Stralitz, 1901. M. Hit- 
tenkoferm, 6 marks. 

Bischof, C.—Gesammelte analysen der in der Thonindustrie benutsten Min- 
eralien und der daraus Hergestellten Fabrikate. Leipzig, 1901, 8 marks. In 
this the author has quoted a very large number of clay analyses from Europe 
and other parts of the world. 

Graesse-Jaenneisae.—Guide de ’ Amateur de Porcelaines et de Fayance. 9th 
edition, Dresden, 1901. G. Schonfeld, 8 marks. 

Grimm, H.—Die Fabrikation des Feldspath Porzelans. Leipzig, 1901. A. 
Hartleben. 

Fairie, J.—Notes on Pottery Clays: The Distribution, Properties, Uses and 
Analyses of Ball Clays, China Clays and China Stone. London. Scott, Green- 
wood & Co., 1901. 

Le Fevre, L.—La Ceramique dans ses Batiment. Paris. Masson et Cie. 

Loser, C.—Handbiich der Keramische Industrie fuer studierende under prak- 
liker. Halle, 1901. IL. Hofstetter, 4°50 marks. 

Sandeman, E. E.—WNotes on the Manufacture of Earthenware. London, 1901. 
H. Virtue & Co., Lim., 7s. 6d. 

Schamberger, J. W.—Die Keramische praris. Vienna, 1901. A. Hartleben, 
8°80 marks. 

Stormer, M.—Fehler bei der Thonwaren Fabrikation und dessen Abhilfe. Craz 
und Gerlach, Freiberg, Ger., 1901, price, 6 marks. 

Tscheuschner, E.—Deutsche Ziegelei Kalender. Leipzig, 1901. Schulze & Co. 

Wildner, P. and Zimmerman, R.—Die Thonwaren Industrie, Berlin, 1901, 
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Tue great industrial prosperity of the United States during 1901, resulted 
in an increased demand for, and supply of, coal during the year, the production 
reaching the enormous figure of 293,298,516 short tons (266,078,668 metric tons), 
as compared with 268,315,433 short tons (243,414,163 metric tons) during 1900. 
The consumption of coal in the United States during 1901 was 260,509,235 
The total production of 
the chief countries in the world during 1900 was 765,158,161 metric tons, against 


metric tons, against 237,289,307 metric tons in 1900. 


724,772,937 metric tons in 1899. 


TOTAL PRODUCTION OF COAL IN THE UNITED STATES. 


(IN TONS OF 2,000 LB.) 


1900. 1901. 
States. Value at Mine. Value at Mine. 
Tons. Tons. 
Per Per 
Total. Ton: Total. Ton 
Bituminous: 

AVaBATHAS Ss fous eet enon Oe ana a ear ee 8,504,327] $10,205,192! $1-20 | 9,099,052) $10,000,892] $1°64 

AsleaS an (DO) eed Gir oe Orca ciate Octo: eee cafe Sr ees ea 2,600 14,950) 5:7 (f) Ge (f) 

ARIKANISASE os tasteeics.s SMatciatrarstei ct cfoy ni svete tei at cist race retanetaions a 1,250,000 1,687,500} 1°35 1,816,136 2,068,618} 1°14 

CNTTROMMISR Eee eninge cs aie Sesiaa ecl are neater 177,515 485,126) 2°73 151,079 394,106} 2°61 

Colorado (e) 5,436,490) 10,872,980) 2°00 5,635,435 6,248,151; 1°11 

GOOLE STAN TS Gis aie Slee nie\aiesbie viwisielere’ eis treba sieve/sin'o/eiersue\ sinisieiars 248,000 260.050} 1°04 854,825 426,685} 1°20 

PLM OIS Ee oa sate rekeeastec arene ecatatete ss coakeee ciate pie setenat ean - |@25,153.929|  22.510.860} 0°89 | 27,331,552) 28,163,987} 1°03 

[rveiiamarreeietenia es 6,357,976 6,675,875} 1°05 6,918,225 7,016,143) 1°01 

Indian Territory 1,900,127 3,534,236) 1°86 2,421,781 3,915,268) 1°62 

eh A AREER En CACORE OnE aT ra ins tren cNO 5,089,651 6,968,866) 1°37 5,617,499 7,822,605, 1°39 

Kansaseocnn ee hoy saieean dae ou oan te Rees 4,507,201! 5,684,001] 1°25 | 4,900,528} 5,991,599] 1-22 

IRQ ERTC Kaye ciertercisus clelevorcieiccnscl ois iolel oo aise eles opeteretaianare enero 4,991,204 3,908,113} 0°7 5,469,986 5,213,076} 0°95 

Wi Ghavdlnixe es aAewn. coausoonoobos Sonpoguea ations Goae 3,923,808 4,198,475) 1°07 5,113,127 5,046,491} 0°99 

NYTCVIT ean teicrecrelcreisioisietcverainfatetetcietnicinie ciate sre:sratcistaieielcteierels 843,476 1,307,888} 1°55 1,241,241 1,753,064) 1°24 

MISSOURIER Ste once coccinea Sastre sme ciororene career 2,995,022 3,648,975} 1°21 8,802,088 4,707,164) 1°24 

NOH PAAR oe orto leo Sy ER aes ea Ean 1,705,957| 2,968,865; 1°7 1,396,081] 2,009,316} 1°44 

Nebraska (@)rsicccs savoir decent peas eooed 900 2,500] 2-7 (f) (f) (f) 

Ne we MGs Con) iis iescievese croc viacaie's sisters atolagerensveierveceibigieiete @1,145,739 1,722,780] 1°50 1,084,257 1,540,357} 1°42 

North Carolina oe: 5 vie erect ae otis PoE ee 17,744 22,180} 1°25 (g) (g) (9) 

NorbhyDalkoten (Oasis :oie ecwiiersisi c's o.h celeste cee ne ata 162,929 171,075) 1°05 166,601 214,151) 1°29 

ODIO Baevet oars ij 20,671,254] 20,257,829) 0°98 | 20,948,807] 20,928,158} 1°00 

Ov OBOH Gris Soong eos anibe Paavo weineniisesioaaaa 5 51,050 135,640] 2°66 69,011 178,646] 2°52 

Pennsylvania: ssi0s on Geese ska ee a nee 79,318,362] 77,731,995} 0°98 | 82,305,946] 81.397,586] 0-99 

PEHHESHOOH Meee cae eae UR Saco Dorn Luli ea 3,904,048] 4.294.928] 1:10 | 3,633,290]  4,067.389] 1:12 

PILES CENA Rene on Ob ea Le OE OG HOOCUD Guan SUnommunesD a Aan 1,022,827 1,871,773} 1°83 1,107,953 1,907,024) 1°72 

URR ea ee eau ee ceaae 1,233,978] 2.443.276] 1°98 | 1,322,614]  1,666,082/ 1°26 

‘Vale SREN A Siesraysts ciate a severa cre eieveyererefotaee tare wintersie/piovel Gavel eraceisy ons 2,504,974 2,179,327) 0°87 2,725,873 2,353,989} 0°96 

Weasbist Gomi (a) iis o'sleiststs Gevacatierh ev «-asoieisiereieluicleie’y leis 2,418,034 4,425,002} 1:83 2,578,217 4,271,076} 1°66 

West Virginia......... ee Aneribar oe Pune aaa 21,153,340 14,165,188] 0°67 | 24,068,402) 20,848,184] 0-87 

Winnie nis ae senna rae ae ce Noe Sates 4,129,265} 5,161,581] 1°25 | 4,485,374] — 6,060,462/ 1°38 

Yih: WOW stonsiieevevaises Gatean eee 210,821 ,727/$219,460,521| $1°04 | 225,759,980) $236,305,214] $1°05 

Total bituminous } Met, tons... ....ssccsccessceee 191-286.216|-. sa. 22. 1°15 | 204'808:110]............ 1°15 
Cannel: = 
. PILONSESs eos hs Lo 29,471 $88,413) $3-00 (Bosca lhe eee Ses een 

Kentucky........ { Mek, tone. eee irs Ieee nee 3°31 Givi ore care: peomee 
Anthracite: 

COMGrAdG, cde Sieicoe mendes Manenerta ees aacronr 59,244] $177,732] $3-00 64,580] $198,749] $3-00 
OW EO MACON 20s saveress evelsicrare:sccleiniere chats inte wiase otateees were 41,595 114,385) 2°75 2,289 6,295| 2°75 
elMay VARIA. «5006. cotsiene: co ei saees Comoe 57,363,396] 102,680,479] 1°79 | 67,471,667| 112,504,020} 1-67 

. SRE tOnse ihe eine sce sive oe anes 57,464,235] $102,972,526] $1°79 | 67,538,536) $112,704,055) $1°67 

Total anthracite.. | fret tone... BOTSE O19 gas 197 | 61,270,558|........0. 5. 1°84 

Sh; tOnSyccoe i ewes eee ee . | 268,315,433] $322,521,530| $1°20 | 293,298,516] $349,009,269} 1°19 
Grand total coal. (Wet tons... | 243'414-163}.........0-- 1-32 | 266,078.668]..........-- 1°31 
(a) Fiscal year. (b) All lignite. (c) One-third lignite. (d) One-half lignite. (e) One-seventh lignite. (f) In- 


(g) Included in Georgia. 


cluded in California. 


(h) Included in bituminous. 
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Kentucky 
Missouri 


THE MINERAL INDUSTRY. 


(IN TONS OF 2,000 LB.) 


Tons. 


1900. 


Value at Oven. 


Total. 


1901. 


Tons. 


Value at Oven. 


. Total. Per Ton. 


Pennsylvania (c) 


Tennessee 


Virginia 
Washington 


West Virginia (0) 


1,992,561 
575.447 
72,000 
1,800 
1,249 

a. 47,800 
275.000 
72,975 
2.368 
54,697 

a 42/803 
48,648 
12,189,912 
494,438 
35,013 
651,578 
35,921 

a 2,598,283 


$6,376,195 
1,726,341 
212,640 
4,290 
3,122 
184,030 
618,750 
158,389 
6,022 
318,789 
139,966 
132.809 
32,912,762 
1,186,655 
168,763 
1,348,766 
176,018 
4,546,995 


2,148,911 
71,303 


108,774 
14,355,917 
404,017 
(d) 
907,130 
49,197 
2,283,700 


$6,062,616 
1,626,279 
ae 

e) 

(e 
154,834 
15,079 
208,015 
9,968 
337,381 
118,368 
299,430 
27,066,361 


(d) 
1,483,670 

239,028 
4,110,011 


50,573 
$50,272,050 


564,191 
19,206,994 "21,795,888 
177.424.4741 19.773,095 


(a) Fiscal year. (b) Includes 40,537 tons made in Wisconsin in 1899, and 37,436 tons made in 1900; also, 53,973 
tons made in Virginia in 1899, and 64,740 tons in 1900. (c) Includes 4,800 tons made in Wisconsin in 1900. (d) In- 
cinges in Colorado, (@) Illinois, Indiana, Massachusetts, Michigan, New York and Wisconsin in 1901, included 
in Wyoming. 


UNITED STATES PRODUCTION OF COAL, 1897-1901. (IN TONS OF 2,000 LB.) 


Wyoming.......... Pike erence tina ae ace NA 14,501 1,607,476 


” $44,445,928 


j Short tons 


Total coke | Metric tons 


Indian 


Territory Kansas. 


Year. {Alabama.|Arkansas poe Colorado.|Georgia.| Illinois. | Indiana. 


5,893,771 850,000) 87,449 
6,466,741 |a1,134,064| 135,795 
7,484,763 | 913,743) 167,161 
8,504,327 | @1,250,000} 177,515 
9,099,052 | 1,816,136) 151,079 


196,268 
240,000 
208,775 
248.000 
354,825 


20,072,758 
18,599,299 
023,434,445 
25, 153,929 

27,331,552 


4,439,489 
5,435,896 
6,158,224 
6,357,976 
6,918,225 


1,348,376 
1,458,098 
1,404,442 
a1,900,127 

2,421,781 


North 
Carolina. 


New 


Nebraska.) \fexico. 


Year. Missouri.} Montana. 


Kentucky Dakota. 


Maryland] Michigan 


20.611 
6,144 

26.994 

17,744 
(c) 


1897.... 
1808... 
1899....2 
1900.... 
1901... 


8,304,058 
3,542,132 
4,705,439 
5,020,675 
5,469,986 


4,411,924 
4.621.618 
5,080,248 
3,923,808 
5,113,127 


152,850 
378.541 
500,000 
843.476 
1,241,241 


2,429,388 
2,838,152 
3,191,811 
a2 995,022 

3,802,088 


a1,607,637 
1,450,971 
1,409,882 
1.705.957 
1,396,081 


a729,653 
863,583} 
1,049,034 
1,187,384 
1,086,546) 


120,000 
124/526 
120.597 
162,929 
166,601 


12,465,533 
14,053,829 
16,695,949 
20,671,254 
20,943,807 


Pennsylvania. 
West 
Virginia. 


Washing- 


ton. 


Tennes- 
sec, 


Utah. |Virginia Totals. 


(0) 


Oregon Wyoming 


Anthra- 
cite. 


Bitumi- 
nous. 


1897. 
1898.. 
1899.. 
1900.. 
1901.. 


615,540 
751,191 
940,622 
1,022,827 
1,107,953) 


506,455) 1,418,746 
571,417|1,640,000 
882,496|2,111.391 
1,233,978/ 2,504,974 
1,322, 614|2,725,873 


1,489,815 
1,988,288 
1,917,607 
2,418,034 
2,578,217 


13,950,000 
16,499,840 
18,201,189 
21,153,340 
24,068,402 


100,929 
165,871 
86,886 
51,050 
69,011 


54,674,272 
64,247,859 
73,066,943 
79,318,362 
82,305,946 


2,744,960 
3/181,905 
4,525,207 
4.129.265 
4,485,374 


200,857,211 
218,333,838 
252,115,387 
268,315,433 
| 293,298,516 


52,581,036 2,888,849 
52,'799,774|3,084,748 
60,518,331 |3,736, 134) 
57,363,396] 3,904,048 
67,471,667 3,633,290 


(a) Fiscal year. (b) Includes from Alaska, 1,300 in 1898, 2,300 in 1899, and 2,600 in 1900. (c) North Carolina 
included in Georgia. 


IMPORTS OF COAL AND COKE INTO THE UNITED STATES. 


(IN LONG TONS.) 


Coal. Coke. 


Year. Anthracite.|Bituminous Totals. 


Long Tons.|Metric Tons 


Long Tons.|Long Tons.|Long Tons.|Metric Tons Value. 


35,756 
41,844 
28,301 
104,826 
73,883 


1,280,244 
1,273,706 
1,400,522 | 


1,300,728 
1,294,085 
1,422,930 


$98,558 
142,334 
142,504 
371,341 
266,078 


$3,432,154 


35,193 | 
3,578,181 


41,185 
27,855 
103,17 


1,909,376 1,939,926 
72,729 


1,920,248 1,950,972 
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EXPORTS OF COAL AND COKE OF DOMESTIC PRODUCTION. (IN LONG TONS.) 


Anthracite. Bituminous. Totals. Coke. 
Year. (a 
Quantity. | Value. Quantity. Value. Quantity. Value. Quantity. Value. 
SOG eas tee 1,298,768 | $5,836,730 2,899,263 | $5,326,761 8,698,031 | $11,163,491 173,034 $546,066 
1QOBR Se cee 1,350,948 | 5,712,985 | 8,152,457 | 6,699,248 | 4,503,405 | “12,412,233 | 199,562 600,931 
ASOD Ween eres 1,707,796 | 7,140,100 4,044,354 8,573,276 5,752,150 | 15,713,376 | 280,196 858,856 
LOOO es cA ee 1,654,610 | 7,092,489 6,262,909 | 14,431,590 7,917,519 | 21,524,07 376,999 1,358,968 
LOOM. tescsc acheveters 1,993,807 | 8,937,147 5,390,086 | 13,085,763 7,383,393 | 22,022,910 | 384,330 1,516,898 
J | 


PRODUCTION AND CONSUMPTION OF COAL IN THE UNITED STATES. (IN LONG TONS. ) 


Exports. Consumption. 
Year. Production. Imports. |Total Supply. Sora 
Domestic. | Foreign. Tons. Metric Tons. 
DLE) GelepreaaacsTes 8 4 179,336,796 1,280,244 180,617,040 3,698,031 5,297 176,913,712 179,744,331 
TBO ees esc conere 194,940,967 1,273,706 196,214,673 4,503,405 2,890 191,708,378 194,775,712 
LB9Ore Site sees 225,103,024 1,400,522 226,503,546 5,752,150 6,806 220,744,590 224,276,503 
TLOQO Sao eerctercteats 239,567,351 1,909,376 241,476,727 7,917,519 6,740 233,552,463 237,289,307 
LOOM ener 261,873,675 1,920,248 263,793,923 7,383,393 8,803 256,406,727 260,509,235 


Ohvo.—The production of coal increased very slightly during 1901, the 
figures being 20,943,807 for that year, against 20,671,254 for 1900. 

Pennsylvama—The production in 1901 amounted to 82,305,946 short tons 
of bituminous coal and 67,471,667 short tons of anthracite coal, as compared with 
79,318,362 short tons of bituminous and 57,363,396 short tons of anthracite coal 
for 1900. The output of anthracite in 1900 being much restricted by the strike 
of that year. 

West Virginia.—The production of coal for 1901 was 24,068,402 short tons, 
against 21,153,340 short tons for 1900. Very little of the coal mined in West 
Virginia is consumed within its borders. The use of mining machines is in- 
creasing rapidly in the mines of the State. 

Other States.—All] of the coal mining States, excepting California, New Mexico 
and Tennessee, made increases in the output of coal during 1901. The three 
States enumerated above made very slight decreases, which may be noted by 
reference to the table at the beginning of this subject. 

Haports and Imports——There was a slight decrease in the exports of coal 
during 1901, the figures being 7,383,393 tons for 1901, against 7,917,519 tons in 
1900. The imports increased slightly from 1,909,258 tons in 1900, to 1,919,962 
tons in 1901. Both imports and exports are given in the subjoined table :— 


UNITED STATES EXPORTS AND IMPORTS OF COAL CLASSIFIED AS TO COUNTRIES. 


Exports. Imports. 
Country. a5 SS 
1900. 1901. 1900. 1901. 
Asistralasian irs 2 oes care ona spoon eater’ « sake roteae Nil. Nil. 254,183 351,105 
Cana aii atin het pote aad Baie Os Cod Seis a areranere ee 5,422,493 5,080,963 1,484,576 1,438,531 
Central and South America............+...505: 223,795 SOUR SIG aces cece thvcum narrate wate cami eas 
BUPODOS 5 Gish cce tetra s Bareaea leis ete aisle clclsialoveraie ciate nia ars | 635,237 589,576 118,987 77,339 
Hawaii and Philippine Islands................ 96.870 71,718 Nil. Nil. 
VERNA rte i apsseasraratar stave erates nteuwvershoraieie a oieteveke eiatamieceueciat Nil. Nil. 9,045 11,068 
MORICOr ess ia asaasaine rad oe we twste peice aoe 664,036 551,448 41 326 19,'702 
West: Indies ices actas sess toes cetacean 760,879 735,389 Nil. Nil. 
OUherser Ge seek ree eh Pa atv gas eau closes 114,209 62,483 1,141 22,217 


OURS aioe ciate ais settee eeiman memset et es 7,917,519 7,383,393 1,909,258 1,919,962 
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Phe diagrammatic chart given on page 129 illustrates clearly the relative 
positions of the different coal producing countries and shows that the United 
States @ittinues to be the greatest coal producing country in the world—a 
posiiien Ft bids Jair f° occupy for many years to come. 
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The Crow’s Nest Pass Coal Co., of British Columbia, is rapidly building up 
a very large export trade with Montana and the Great Northern Railway and 
others. The annual production of 1901 and the three previous years was as fol- 
lows: 1901, 425,350 long tons; 1900, 242,245 long tons; 1899, 116,200 long 
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tons ; 1898, 8,996 long tons. It is said that the larger part of the coal supply of 
southeastern Alaska, the majority of the California coast cities, and the Southern 
Pacific Railway is derived from the collieries of Vancouver Island, B. C. 
China.—A new coal field near Ngankin, on the Yangtse river, Province of 
Anhui, China, is expected to be in full operation during 1902. The mines are 


130 THE MINERAL INDUSTRY. 


within a few hours’ steamer travel of Shanghai. The coal field is said to be of 
great extent, and to furnish coal of a very high quality. 

Europe.—Coal is said to have been discovered recently in the mountains of 
Bohemia which is equal in quality and in facility of operation to any in Austria. 
The production of coal in Great Britain during 1901 amounted to 219,046,945 
long tons, against 225,181,300 long tons in 1900, a decrease of 6,134,355 long 
tons during the year, due very largely to depression in the iron and steel and 
other industries. The coal exported in 1901 amounted to 41,878,345 long tons, 
against 46,108,011 long tons in 1900, a decrease of 4,229,666 long tons during 
the year. A royal commission, consisting principally of railway and coal mining 
experts was appointed early in 1902 to inquire into the extent and available re- 
sources of the coal fields of Great Britain. The output of coal in France was 
33,404,298 metric tons in 1900, against 32,862,712 metric tons in 1899. The 
production of coal in Germany and Luxemburg, including brown coal, during 
1901, was 152,628,931 metric tons, against 149,788,256 metric tons in 1900, a 
decrease of 2,840,675 metric tons during the year. The exports of coal, in- 
cluding lignite, during 1901 were 15,28%985 metric tons, against 15,328,600 
metric tons in 1900, while the imports of the same products were 14,406,332 
metric tons in 1900, against 15,344,362 metric tons in 1900. 

India.—While coal is pretty generally distributed throughout India and Burma, 
five-sixths of the supply comes from the coal fields of Bengal, which produced 
from 154 collieries in 1895, 3,037,920 tons, all the rest of India producing from 
18 collieries but 809,093 tons during the same year. Since that time coal mining 
in Bengal has increased enormously. The Indian Empire produced from 287 
coal mines 6,095,438 tons in 1900, 4,954,965 tons of which was produced by 
Bengal, at an average selling price of 4s. 5d. per ton. 

Japan.—The island of Kinshu furnishes the bulk of the coal supply of the 
Empire, or about 3,000,000 tons out of a total production of 4,000,000 tons during 
1900. The principal coal district lies in the basin of the river Onga, which enters 
the sea at the port of Wakamatsu. The coal in the upper part of the basin is of 
superior quality. The Takashima deposits, near Nagasaki, furnish the best coal 
of Japan. The mine situated in Hizen County, Kumamoto Protectorate, was the 
first in the Empire to be developed on European lines. The Hiro-Yama mines, 
in Higo County, are owned by the Kinshu Coal & Railway Co. The famous 
Miike deposit in Chikugo County-is the property of Mitsu & Co., of Tokio. Next 
to Takashima, the Miike is the best coal in Japan. Four mines in the coal 
fields on Hokkaido Island are being operated by the Hokkaido Coal Mines & 
Railway Co. with an annual production of about 1,500,000 tons. The Onodo 
mines, in Nagato County, Japan Island, furnished an output of about 200,000 
tons in 1900, and coal is also being mined to a considerable extent in Ibariki 
County in the east part of the island. 

Mexico.—The coal fields of Las Esperanzas, State of Coahuila, adjoin and run 
parallel to the Sabinas basin, and are distant about 85 miles southwest of Eagle 
Pass, Tex. They were discovered in 1899, and development was begun early in 
1900 by the Mexican Coal & Coke Co., which owns about 6,000 acres, comprising 
the only part of the field which is economically workable. The coal is a soft 
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bituminous coking coal of good quality, and the coal measures are from 6 to 24 ft. 
in thickness. During 1901 the company built and partially put into operation 
a block of 224 coke ovens, of which 100 were operated during the latter part of 
the year, and the balanee were started up early in 1902. The Compania Fundi- 
dora de Fierro y Acero de Monterey owns 30,000 acres of land in the Laredo 
coal field, near Monterey. Anthracite coal is found in the States of Sonora, 
Michoacan, Vera Cruz, Guerrero, Oaxaca, and Puebla. 


THe ANTHRACITE CoaL TRADE IN 1901. 
By SAMUEL SANFORD. 


THE year 1901 will always be memorable in the history of the anthracite coal 
trade. Not only was the production the largest on record, exceeding that of 1900 
by 24,983,083 tons, but the prices secured have been thoroughly satisfactory to 
producers. This combination of large output and higher prices is a decided 
novelty. It was due to a heavy demand and a successful attempt to put the 
trade on a firmer basis. At the opening of 1901, Morgan interests were in 
control of 63% of the total tonnage annually shipped out of the anthracite region, 
enabling them to maintain by strength of position whatever plans they wished. 
This “community of interests,” so-called, had for its working head the Temple 
Iron Co., a company organized with very liberal charter provisions in 1899. 
The directors of this company include presidents of all the coal-carrying roads 
under Morgan control. The company is thus not a trust in the usual acceptance 
of that term, and cannot be easily reached by any State or United States statutes 
governing illegal competition or restriction of output. Its directors can discuss 
policies quietly, there are no necessities for agreements, and harmony is absolute. 

The year opened with anthracite in demand. The market had not recovered 
from the effect of the miners’ strike during September and part of October, 
though the mines in December had shipped something like 5,000,000 tons of 
coal. Though the weather was mild, activity in the East was greater than for 
30 years, while Western trade was also good. The regular prices quoted for free- 
burning white ash coal, f. 0. b. New York, were broken $4, egg $4°25, stove and 
nut $4°50, pea $3. 

During the mild weather of January demand held up well, with the steam sizes 
and stove and chestnut bringing full circular prices and at some points a premium 
of 25c. per ton for prompt delivery, though broken and egg slightly declined 
in prices. February was a month of cold weather and high winds, and the con- 
sumption of coal increased. Prices were firm at $3°65 for broken, $4 for egg, and 
$4:50 for stove and chestnut. March likewise was a cold and stormy month and 
the consumption of fuel for domestic purposes was very heavy. Prices showed 
no change. All the coal that the mines could send forward was taken, and by 
the opening of April supplies everywhere were unusually low. At the head of 
Lake Superior, docks were bare. Consumers in Chicago territory were taking 
unusually large all-rail shipments. At inland points East the market was firm 
and every condition was favorable for an unusually good spring trade. The 
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various mining and transportation companies issued a spring price list on 
April 1, which differed materially from any issued before. It named certain 
prices for the prepared sizes and offered discounts for prompt buying. Thus 
the New York Harbor f. 0. b. prices for free-burning white ash coal, f. 0. b. 
were: Broken $4, egg $4°25, nut and stove $4°50. The steam sizes—pea, buck- 
wheat and rice—were not included, but were to be sold at the discretion of the 
various companies. The discounts offered from the list prices were 50c. per ton 
for April, 40c. for May, and so on, till full list prices were in force again, 
September 1. Another novelty was that sales for forward delivery were abol- 
ished. Coal shipped in April received April discounts, but no orders at April 
discounts were to be taken for May delivery. This change was of particular im- 
portance to the Western trade. In addition, discounts to middlemen and jobbers 
were largely abolished, and prices were made the same to all dealers. It was 
realized, particularly by the Eastern trade, ‘that back of the list was the power 
to enforce it. So the price list received respectful attention and brought out 
considerable early buying by the prudent. Fears of a general strike of the miners 
on May 1 to secure recognition of their union had doubtless lead to considerable 
buying during March, beyond that due to the weather. The danger of:a strike 
was removed, however, when the Reading and other companies posted notices 
about March 12 that the 10% advance in wages granted after the strike of 
1900 would remain in force a year longer. ‘Trade during April was generally 
better, particularly at Eastern points, than had usually been the case in previous 
years. In the West trade was generally quiet. May began with the demand 
in the Kast still good and prices ten cents a ton higher, as per schedule, that 
is $3°60 for broken, $3°85 for egg, and $4°10 for stove and chestnut, f. o. b. 
New York Harbor shipping port. Navigation on the lakes was late in opening 
and a strike of the lake engineers delayed the movement of coal from Buffalo. 
Buying during the month in the East was liberal, some firms not being able to 
secure all the coal they wanted at May prices. The movement of coal up the 
lakes toward the end of the month was heavy. In the East receipts at Boston 
for the month were 55% greater than in 1900. At the end of May the collieries 
were working one-half to two-thirds of full time. Supplies in the hands of 
producers were less on May 31 than on May 1; a most remarkable showing. 
With warmer weather in June, the market continued surprisingly strong at 
Eastern points. Buyers in the West apparently did not understand the situation 
as well as those in the East, though the demand at Chicago from wholesalers 
was quite active, a most remarkable occurrence. The movement of coal up the 
lakes continued good. The total shipments from the mines to June 30 amounted 
to 27,362,187 tons, compared with 22,678,400 tons in 1900, showing the first 
half year to have been the most active in the history of the anthracite trade. 
In previous years, a period of stagnation, known as “midsummer dullness” 
had usually settled on the coal trade about June 1, lasting until September 1, 
or even later. In 1901, however, there was no midsummer dullness whatever. 
A strike of mine firemen affected production in the Wyoming and Lackawanna 
fields during the latter part of July. The market during August was generally © 
quiet but strong. With prices back to full list figures in September, and the 
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market good, doubters of the stability of the new order of things were utterly 
routed. Buying for Western account continued active during September. There 
were some reports of coal selling for less than list prices, but these reports applied 
to special grades or conditions and did not affect the market as a whole. By the 
opening of October most of the collieries were running very nearly full time, 
with demand good at all points and virtually the only restriction on output was 
a shortage of cars. This shortage soon became marked and for the rest of the 
year affected production. By the end of November the Reading collieries and. 
those of some other companies were mining on short time. Demand was strong 
at both Hastern and Western points. A heavy rain storm in the anthracite region 
in December did much damage and decreased the December shipments over 
500,000 tons. It caused a suspension of shipments on the Lehigh Valley, Central 
Railroad of New Jersey, and Philadelphia & Reading for nearly two weeks. 
The year closed with the market very strong and little coal in the hands of 
producers. The average prices for the prepared sizes of free burning white ash 
coal for the past two years f. 0. b. New York Harbor shipping ports compare as 
follows :— 


Broken. Egg. Stove. Chestnut. 
Months. ss ; 
1900. 1901. 1900. 1901. 1900. 1901. 1900. 1901. 
JaNUary-JUNE. .. 62.5... c cs cecseeccessceses $3714 | $3°58 | $3°37 | $38°95 | $38°72 $4°26 | $3°73 | $4°29 
July—December.........ceeseveverececereeees 3°33 3°94 8°57 4°19 | 4:07 4°47 4°08 4:47 


Tate ATLANTIC SEABOARD BITUMINOUS CoAL TRADE IN 1901. 


By SAMUEL SANFORD. 


Excerpt for the coal shipped to Boston and a few other points beyond Cape 
Cod from the mines in Nova Scotia, and a limited amount of Georgia, Kentucky, 
and Tennessee coal that reaches Charleston and Savannah, the soft coal con- 
sumed along the Atlantic seaboard comes from Pennsylvania, Maryland, Virginia 
and West Virginia. The coal is shipped to tide water from the mines over four 
railroads: the Norfolk & Western, which carries the product of the Pocahontas 
and Flat Top fields in southwest Virginia and southeast West Virginia, to 
Norfolk; the Chesapeake & Ohio, from the New River fields to Newport News; 
the Baltimore & Ohio, from the Piedmont and Cumberland districts in West 
Virginia and Maryland to Baltimore; and the Pennsylvania system, which 
carries to Philadelphia the coal from the Clearfield and the Huntington and 
Broadtop fields in Pennsylvania, and the Cumberland region in Maryland. 
These roads are now practically under one control, stockholders in the Penn- 
sylvania Railroad Co. having a controlling interest in the three other lines. 
The general policy of the Pennsylvania Railroad during 1901 was what had been 
foreshadowed. The shipments of certain coals were restricted to certain markets. 
For instance, through freight rates were named, that virtually shut out Poca- 
hontas coal from New York Harbor points—a market that can be supplied with 
Clearfield. This arrangement reduces selling agencies and shortens rail hauls. 
While there were no changes in the policies of railroads, there were some very 
large consolidations of interests in the mining fields, particularly in West Vir- 


134 THK MINERAL INDUSTRY. 


ginia, which had for their object the securing of more favorable freight rates 
and a uniform distribution of cars at the mines. In fact, some may be gaid to 
act as sales agencies rather than mining companies. A notable purchase late 
in the year was that of the Flat Top Land Association by the Norfolk & Western 
Railroad. This purchase is in line with certain other tendencies shown by those 
in control of the Pennsylvania Railroad. Great activity is to be expected in 
West Virginia, as the mines nearer tide water are exhausted. 

The year opened with the market in fair shape. Such coals ag Pocahontas, 
New River, and George’s Creek, were in demand, while Clearfield and the poorer 
grades were selling slowly; but buying fell off and by the end of the month 
there was a plentiful supply of even the better grades. The shipping ports 
were blocked with coal and the railroads were putting embargoes on many 
producers to keep cars from accumulating at tide water. The Long Island Sound 
trade was in easier shape than in two years. Freight rates for coast-wise ship- 
ments were unusually low. Clearfield coal was selling at $2°40 and $2°65 f. o. b. 
New York Harbor ports, with better grades at $2°85 and over. The con- 
sumption of coal did not keep pace with the amount offered for sale, and there 
was all through February and into March, an accumulation of coal at tide 
water. Some lots of low-grade coal, on which demurrage was accruing, sold 
as low as $2°10 f. o. b. New York Harbor shipping ports. 

In March all producers cut their outputs sharply. The Bituminous Trade 
Association held several sessions in New York City, at which it was given out 
that the prospect for uniform prices was better than ever, and that everything 
presaged a successful year for the association. There were rumors of trouble 
in some of the mining regions during March that probably brought out a little 
speculative buying, but the danger of a general strike in the Pennsylvania fields 
passed when the operators agreed to pay a mining rate of 60c. per ton for the 
year. Late in the month producers announced that they would extend old prices 
for the coming year. These were as follows: Best grades f. 0. b. New York 
Harbor shipping ports, $2°85 ; Clearfield, $2°65 ; best grades f. o. b. Philadelphia, 
$2°50; Clearfield, $2°35; best grades f. 0. b. Baltimore, $2°43 ; Clearfield, $2°28 ; 
New River coal, f. o. b. Newport News, $2°50; Pocahontas f. o. b. Norfolk, 
$2°50; all prices net to the companies. April opened with the trade still dull, 
particularly in the far East and along Long Island Sound. The situation did not 
change materially during May; the better grades were generally firmly held, 
but the poorer grades were in abundant supply, particularly at Eastern poiats, 
and sold at discounts. Heavy arrivals at Boston led to long delays in unloading 
and considerable coal was sold under demurrage. June found the trade quiet 
and dull, with tide-water shipping ports still congested with cars waiting for 
vessels and abundant supplies at most ports beyond Cape Cod. By the end of 
June conditions began to improve. Prices, however, did not change much, Clear- 
field at the beginning of July selling at $2°35 f. 0. b. New York Harbor shipping 
ports, while the better grades were $285. Trade during July showed very little 
change. ‘The better grades of coal were firmly held while the poorer grades 
were in plentiful supply and sold at discounts. By the end of the month lajor 
troubles, which had interfered with industrial activity at many points, were 
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about over, and as mills resumed, demand improved. By the middle of August 
a very fair tonnage was going from the mines, particularly for points beyond 
Cape Cod. 

The market continued to improve during September, though the lower grades 
were still in over supply. By the middle of October trade was in excellent shape. 
Demand was very heavy, particularly at Long Island Scund points and in all- 
rail territory, while New York Harbor trade was steadily improving. Car supply 
at the mines, which, up to the first of October, had been on the whole sufficient, 
by the middle of the month was less than 50% of the demand, and varied from 
25 to 50% for the balance of the year. During November and December the 
demand for coal at Long Island Sound and New York Harbor points became 
very pressing, and all grades sold at full circular figures. By the end of the 
year consumers were regularly paying $4 a ton for spot coal f. o. b. at Long 
Island Sound ports, and $3°50 a ton at New York Harbor shipping ports, while 
the coal thus obtained was very often of very inferior quality. In some cases 
firms in the bunker trade at New York Harbor paid as high as $4 for spot coal. 


THE MANUFACTURE OF COKE IN THE UNITED STATES WITH SPECIAL REFERENCE 
TO THE MARKETS FOR By-PrRopvucts. 


By F. SCHNIEWIND.1! 


THE manufacture of coke in by-product ovens has now been firmly established 
in the United States. The long existing aversion against the use of “by-product 
coke” in blast furnaces and foundries has been dispelled. As a matter of fact, 
it has been demonstrated on a most extensive scale that the opinion a few 
years ago prevalent throughout the United States, viz., that the Connellsville 
beehive coke is a conditio sine qua non for modern and economic blast furnace 
practice, is absolutely without foundation. With the by-product ovens a coke 
equal and sometimes even superior to the Connellsville beehive coke has beeh 
produced from coals which were considered inferior, because they would not coke 
well in beehive ovens. Furthermore, it has been demonstrated on a large scale: 
that illuminating gas can be obtained as a by-product from coke ovens. 

These two achievements forebode the erection of a considerable number of’ 
by-product coke ovens, and it is therefore of interest to inquire into the pros~ 
pects for disposing of the by-products in the American markets. 

Before entering upon the description of the coke ovens and statistics of the 
by-products recovered in the United States some general statistics are given which: 
demonstrate plainly the marvelous development of the industries of the United 
States. These figures are of considerable interest in connection with the subject, 
as they bear directly upon the ultimate maximum production of by-products: 
which may occur if the present wasteful methods in the utilization of fuel, 
coupled with the complete destruction of these by-products, are abandoned. 
Reference will be made frequently to the corresponding statistical data of 
European countries in order to obtain from them an idea of the possible extent 
of the consumption of these products in the United States. 


SS a nn 
1 T wish to acknowledge my indebtedness to Mr. C. G. Atwater for his valuable assistance in the revision of 
this paper. 
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Coal Statistics——No other statistics will show the development of the in- 
dustries in any country so accurately as the consumption of coal, which is the 
foundation of most industries. By rapid strides the United States has taken the 
lead among all manufacturing countries, and with the tremendous possibilities 
presenting themselves in this country, the contingency that any other country 
may dethrone the United States from its first rank is almost to a certainty ex- 
cluded. The world’s production of coal, including anthracite, bituminous, and 
lignite, is given on page 128 of this volume, and the graphical chart on page 
129 illustrates in a more striking manner the rapid growth of the United States, 
as compared with the other principal countries. In order to obtain, however, 
an exact view of the development of the various countries, the imports and exports 
also should be taken into consideration, and by allowing for these factors the 
domestic consumption of various countries is as given in the subjoined table, 
which has been compiled from THe Minera Inpustry, Vol. IX. 


PRODUCTION, EXPORTS, IMPORTS, AND CONSUMPTION OF COAL (INCLUDING COKE) 
IN THE PRINCIPAL COUNTRIES OF THE WORLD. (SHORT TONS. ) 


Consumption 


Countries. Production. Imports. Exports. | -Gessumpion: per Capita. 


United States, 1900 268,242,408 7,606,225 262,935,128 
United Kingdom, 1900 252,107,730 ‘ 53,011,224 199,107,649 
Germany, 1900 120,424,054 20,391,491 117,709,515 
PUTEINCE 1 OUO sate visto’ cls'e1< s%e sists fe 36,477,111 16,062,179 1,321,331 51,287,058 
Belgium , 1900 25,733,904 4,101,602 8,087,218 21,748,288 


Norr.—Alowance is made in the above table for imports and exports of coke. 7 lb. coke is considered as 
representing 10 lb. coal. 


The figures given in the above table do not afford an exact comparison of the 
various countries, because the United States has other large sources of fuel 
besides coal, viz., petroleum and natural gas, of which practically none are found 
in the other prominent industrial countries. The detailed production of coal, 
petroleum and natural gas in the United States during 1901 will be found under 
their respective captions elsewhere in this volume. By estimating the coal equiva- 
lent for the petroleum produced at 3°22 bbl. (of 42 gal.) per short ton of coal 


and including an approximate coal equivalent of the natural gas production, the 
total fuel production (exclusive of wood) should be increased by 19,650,107 short 
tons of coal for the former and 7,018,000 short tons for the latter, making in all 
294,910,515 short tons of total fuel produced in terms of coal. 

A revision of the fuel production of the United States in 1900 to include this 
additional fuel consumption allowing for the exports of petroleum and the im- 
ports of natural gas is as follows :— 


COAL EQUIVALENT OF MINERAL FUEL CONSUMPTION OF THE UNITED STATES 
IN 1900. (SHORT TONS.) 


Consumption 


Production. imports. Exports. | Consumption. per Capita. 


204,910,515 2,836,880 14,803,565 282,443,830 3°7 
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From the foregoing table the quantity of wood used as fuel is omitted because 
no statistics of its use are available. There should also be taken into considera- 
tion the use of electricity generated by water power for light, heat, and power, 
which is especially important in connection with a large number of electro- 
metallurgical processes. Under certain conditions electricity is able to displace 
coal and other mineral fuels, but no statistics concerning its consumption in this 
special field are available. Among all mineral fuels coal is the chief source of 
energy, and while the United States occupies the first position in regard to 
quantity of output, it still must concede to the United Kingdom the first position 
in regard to consumption per capita. 

Uses of Bituminous Coal.—No statistics are available to show the purposes for 
which bituminous coal is used in the United States, but for the United Kingdom 
Mr. George Beilby? has published a table showing the consumption of coal during 
1898 by the various industries in that.country from which the following table 
has been compiled :— 


CONSUMPTION OF COAL IN THE UNITED KINGDOM DURING 1898. 


Long Tons. % 

Coal for the generation of power in industries : 
RaW occ cr cine or cicisinie crsiviaiels siciaiereipieavnels avaiee aise siniee.« +6 5: 11,000,000 6:9 
Coasting StCEAMETS .....cceccccrscocecsccrcrsscessescreres 7,000,000 4°4 
WERTIOSE Soe ee rca eirs craikialo nae nieleve ierarsione aie oreielelotsla aisle sue/eieieisisieis 10,500,000 6°6 
PUA CEOLIOS yak cicrc.o 010 © oie iwic’e eleiese' ele old ovelaivele ce Cie 0. es vain ierace o.eie.e osere 89,000,000 24°97 
Miscellaneous... .ccscevcssssovccvvcssvsscereccescesssscens 8,590,000 53 
76,000,000 h?°9 

Coal for the generation of heat in industries : 

Blast fUrMaces. <2. 2.5... sec te were eestor ce wes 17,000,000 10°8 
Steel and malleable-iron works...... 11,000,000 6°9 
Other metallurgical works .........0+++.++2++- 1,500,000 0:9 
Chemical works, potteries and glass works............- 5,000,000 371 
Gas WOLES......cccccscccccccecscccccecvecscsscssvorsesers 138,000,000 8°2 
47,500,000 29°9 
Coal for domestic PULPOSES....cccseoeessecsesenes Sennen 5 85,000,000 22°2 
Ufo} 7 IER GrISReASE i nC C ORT OCC COC OOOUDOCOR OC UCCG 158,500,000 100°0 


Of the total amount of bituminous coal (158,500,000 long tons) only a very 
small percentage is subjected to dry distillation with recovery of by-products, 
as given in the subjoined table :— 


COAL SUBJECTED TO DRY DISTILLATION IN THE UNITED KINGDOM IN 1898. 


Long Tons. 

Seiad a nae eA eee a ee 
Gas works 18,000,000 
By-product coke ovens 1,250,000 
Blast furnaces with by-product recovery 2,000,000 
16,250,900 


This table does not include the coal coked in beehive ovens without the recovery 
of by-products, which amounts to approximately 12,500,000 long tons. The 
portion of coal carbonized with loss of by-products is therefore 42°5'% of the total 
coal carbonized, the total being 28,750,000 long tons. 


Hind iJ aS Sk SS SES NS ae 
2 Journal of the Society of Chemical Industry, 1899, Vol. XVIII., p. 648. 
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The conditions in the United States are somewhat different from those in the 
United Kingdom, as indicated in the following table :— 


COAL SUBJECTED TO DRY DISTILLATION IN THE UNITED STATES DURING 1900. 


Short Tons. 


2,100,000 
1,547,665 


Total’short tons.......:..ecas. & 3,647,665 


Coal coked in beehive ovens (without recovery of by-products). 80,576,790 
Coal carbonized with loss of by-products 90% of total. 


The amount of coal carbonized in gas works is computed later in this section. 
The amount of coal coked in by-product ovens is derived from a table showing 
the manufacture of by-product coke in 1900.* The yield of coke in by-product 
ovens has been assumed at 75%, which may be considered a fair average. The 
total quantity of coal coked in 1900 was 32,113,548 short tons, and by deducting 
the 1,547,665 tons mentioned above the amount of coal carbonized in beehive 
ovens was 30,565,878 tons.. 

The situation in other countries may differ to some extent, but it is certain 
that an amazing waste takes place in all countries by destroying the valuable 
by-products which could be recovered by subjecting the coal to dry distillation 
before using it. The process of dry distillation of the coal with the production 
of a smokeless coke and large quantities of illuminating gas and fuel gas sug- 
gests itself most forcibly as a solution of the much discussed smoke problem. 
This subject has been fully treated elsewhere.‘ 

Coke and By-Product Ovens.—The development of the coke industry in the 
United States has kept pace with the general industrial development. The follow- 
ing table shows the number of coke ovens and the production of coke by States:— 


COKE PRODUCTION OF THE UNITED STATES FOR THE YEAR 1900. 


Ovens 
‘3 Coke 


State or Ovens, Coke State or fp anes a laces 
Built. | Building, | Produced. 


Siege e iit. are Territory, 
mes e Built. Building. Produced. 


Net Tons. 
Alabama..... eA 5, 52° 2,110,887 || New Mexico 

Colorado (a) : 618,755 || New York (6) 
Georgia... eke 43 Ohio 
Illinois ... oy ai oe Pennsylvania 13,789,893 
Indiana Bs ate Tennessee: . 24-2. 66. 475,432 
Indian Territory.... 
K ¢ Virginia E 685, 156 
Kentucky Washington, 33,387 
Massachusetts (0)... West Virginia 2,358 499 
Michigan Wisconsin 0 48,000 


Missouri 14,501 


(c) 58,484 |(d) 5,804 20,533,348 


(a) Colorado includes production of Utah. (6) Production included in Pennsylvania. (c) Includes 345 
Semet-Solvay, 680 Otto-Hoffmann, and 60 Newton Chambers by-product ovens. (d) Includes 150 Semet-Solvay 
and 946 Otto-Hoffmann by-product ovens. 


3 Mineral Resources of the United States, 1900. 

4** The Production of Illuminating Gas from Coke Ovens,” by Dr. F. Schniewind, paper read before the 
Gas Section of the Engineering Congress at Glasgow. Reprinted in Progressive Age, Oct. 15, 1901; and in part 
in Iron Age, Nov. 28, 1901. 

5 Mineral Resources of the United States, 1900. 
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The following ovens were in operation or in course of building in the United 
States during 1900 :— 


NUMBER OF COKE OVENS IN OPERATION AND IN COURSE OF BUILDING IN THE 
UNITED STATES DURING 1900. 


(a) By-product ovens : 
Otto-HoffMann SYSteM.........cccvsecceeereeseevseccs 1,626 ovens. 
Semet-Solvay SyStem........cccceceeeeeceeeeeeeeerees 495 ovens. 
Newton Chambers System..........ceeeeeeseescrrees 60 ovens. 

2,181 ovens. 
(b) Beehive OVENS... seceeeeeeese ee coneeeeerteeeereseeeees 62,107 ovens. 


ES eisva sven etek Sako exdreralerareieisteterere ake rsitha wvelleins ecole apeleve ints asia 64,288 ovens. 


The rapid progress of the coke production in the United States during the 
past five years is evident from the following table, compiled from The Engineering 
and Mining Journal, January 18, 1902, and The Mineral Resources, 1900 :— 


PRODUCTION OF COKE IN THE UNITED STATES AND THE CONNELLSVILLE 
pisTrict, 1897-1901. 


Connellsville District. 


Year. United States. 


ij Per Cent. of Total Produc- 
Short Tons. Short Tons. tion of United States. 
PEO es 18,288,984 6,860,826 51°6 
iRes le ene n es 16,047,209 8,315,350 ay al 
TB90N rs 19,668,569 10,390,335 52°8 
T1900 Sees: 20.588,348 10,020,907 48°9 
10,285,943 ; 


190K cee: 21,795,883 


The Connellsville district is gradually losing its dominant position as a pro- 
ducer of blast furnace coke. In 1880 it produced 66:1% of the coke supply of the 
United States; in 1900 only 48-97%. The Connellsville coal basin is being 
exhausted and other coal fields are being developed which have produced a high 
grade blast furnace coke in by-product coke ovens. 

Quality of Coke.—The coke produced in by-product ovens has proved admirably 
adapted for furnace use. At the Canal Dover Furnaces, in August, 1900, a test 
under the direction of Mr. A. E. Uehling of coke made in Otto-Hoffmann by- 
product coke ovens showed that a ton of iron was smelted with 1,787 lb. of 
by-product coke, while it required 1,885 Ib. of standard Connellsville coke to do 
the same work, a difference of 98 lb. coke per ton of iron in favor of the by- 
product coke, or a saving of 5°2% on the coke consumption. At the same time 
the daily production of the furnace was increased 3°3%. At the Cambria Steel 
C’o.’s furnaces at Johnstown, Pa., a two weeks’ series of trials of coke made in 
Otto-Hoffmann by-product coke ovens from local coals and standard Connellsville 
coke alternated repeatedly and on different furnaces failed to show any difference 
in the behavior of the furnaces or consumption of fuel. 

The coke has shown equally good results in foundry practice. The product 
of the Everett ovens has been introduced in railroad and domestic service In 
competition with anthracite and bituminous coal in the vicinity of Boston, and 
has met with undoubted success. It is probable that the growing objection to 
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the presence of soft coal smoke in our cities and the economic impossibility of 
using hard coal outside of a limited territory will cause a much more general 
adoption of coke as fuel for domestic purposes, for stationary and locomotive 
boilers, and in kindred fields. ; 

Pig Iron Statistics——The production of pig iron in the United States during 
1901 was 15,878,354 long tons, which is classified as to the fuel used in its 
production in the table on page 380 of this volume. The bulk of the pig iron is 
manufactured with coke as fuel, and approximately one short ton of coke is re- 
quired for the production of one long ton of pig iron. In connection with the 
production of coal and coke it is interesting to note the production of pig iron 
in the principal countries of the world which is best shown by the diagrammatic 
chart on page 388, elsewhere in this volume. 

Another interesting fact in connection with the development of the pig iron 
industry of the world is the per capita consumption of the principal countries, 
which has been compiled by Dr. H. Rentzsch® as follows :— 


PER CAPITA CONSUMPTION OF PIG IRON IN THE PRINCIPAL COUNTRIES 
OF THE WORLD. 


Pounds. 
%2°% 


United Kingdom 
United States 


‘he above table clearly shows that up to the present time the United States 


has only reached a per capita consumption of pig iron which places it on a level 
with the other large manufacturing nations, but it may reasonably be expected 
that in the future the iron industry of the United States will not only increase 
in proportion to the increase of population, but even at a greater rate on account 
of the increasing use of steel in certain branches not so extensively developed 
in other countries, especially the use of structural steel for office buildings, 
steel cars, ete. 

Illuminating Gas.—According to the Census Bulletin, No. 123, the total sales 
of gas during 1900 (exclusive of coke-oven gas and leakage) was 67,094,000,000 
cu. ft. The magnitude of the by-product coke oven industry already established 
in the United States is evident from the fact that the ovens in operation and in 
course of erection generate and treat for by-products fully 50,000,000,000 cu. ft. 
of gas per annum. The annual surplus (not used by the ovens) may be estimated 
at 15,000,000,000 cu. ft., or about 25% of the annual gas consumption of the 
country. The following table has been compiled from Brown’s Directory of 
American Gas Companies :— 


PRODUCTION OF ILLUMINATING GAS IN THE UNITED STATES DURING 1900. 


Coaligas Works ic. ics sssices s Vee ssieie awacteecehpieteen cri 

Water gas works 

Coal and water gas works 

Miscelianeous 740,000,000 


68,888,000, 000 


ot noi toatdo es 6 Stahl und Hisen, Dec. 1, 1901, and March 15, 1902, . 
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From this table it is apparent that the gas production in the United States, per 
capita, taking the population according to the Census of 1900 at 76,303,387, is 
903 cu. ft., a quantity which is considerably lower than that of the United King- 
dom (see page 142). This may be explained to some extent by the very extended 
use of electric hghting in the United States, and the extensive use of natural gas 
in certain manufacturing districts, but even with these allowances, the United 
Kingdom is far ahead of the United States in the per capita consumption of gas. 

In recent years the production of coal gas as compared with water gas has 
considerably increased, chiefly for two reasons, viz.: (1) The greatly increased 
price of oil. (2) It has been recognized that an admixture of coal gas to 
carburetted water gas is coupled with a considerable reduction in the amount 
of oil used per candle power, calculated on the blue water gas. As far as may 
be estimated from the data available the relative proportion of coal and water gas 
in gas works producing both is 20% coal gas and 80% water gas, therefore the 
estimated production of coal gas and water gas in the United States during 1900 
is as follows :— 


COAL GAS AND WATER GAS SOLD IN THE UNITED STATES DURING 1900. 


Coal Gas. é Water Gas. 
Cu, Ft. me Cu. Ft. 
Works producing pure Coal ZaS........ sce sececssecescsersceess S270; OOO 000 ise ci ses eteiciste ae Micketewlelsiesie + se 
Works producing pure Water Gas... cc scence cw csees terete cesses [eoesernsssrnesrenecevers 17,250,000,000 
Works producing mixed coal gas (20%) and water gas (802)... 8,526,000,000 34, 102,000,000 
yp, TOCA... essere ccc c cee c ec cne cers ete seecceeeseeseceeewseveress 16,796,000,000 51,352,000,000 


a is ‘worthy of note that up to the present time there has been installed by 
£in6 United Gas Improvement Co., of Philadelphia, sufficient apparatus to produce 
afinil iyo 032. 900, 000 cu. ft. of carburetted water gas. 

“AME shhotnt' OF gas sold in 1901 and the amount of coal carbonized may be 


estimated as follows :— 


qd. Cu. Ft. 
Coal gas Production! Qo) TOUGOH A Ya. 16,796,000,000 
Estimated increase for71901........cccccessceccesseescnes 1,680,000,000 
bre 93 Sales {t. 04. whe 18,476,000,000 
bas aac rgunee 1 Area ee at 8. Aad rbnaneen: ce 1.478,000,000 
{ ae j 


19,054, 000,000 


OF ‘Hebi ad prdditton, is. bins aide ait 
adt IMO) t Trt ; + a -——— p25 - fae 

OAS stated: above, .thevcoal' ral prbtietion’ acs i last! two or three years 
hes igrereaxed| rather ntore thant tHe Water gas pHoductioitl heride the? average in- 
creasé dn theocéal was! prodtvetion! haw Deen Placed ab 10% 5" while’ thé United States 
Conswscfor 18 901.a1d! 1900; SHOWS af inerease Tl thE entire ‘Bad production’ ‘of 


} 


WE siQho dakddw mit oft ovorlt to tnd horeieoh orow emovo to todmuin sets 
oVipheo anount! of! (tobi dohsamed | (exelitsive? Of! Hoi Pél)? BY ‘Bais’ work iH! 
ft ae r . Bae (oqe4 
as ‘pivety in’ the ae Btates Caoisas*follewssSt 1's at bsjooTo bas (9qy 
w SILT bodily oft ot tltod ots anrovo_9201T _.atouborq 
as i i‘ adr + {{t te She ongs| yy a i DR \ 
“D8! | ediak a by ae oka of! Hanes Ffaty, tous hart Ths ad j | ) 
Coke consumed, 15,214,793 bushels =..........ceeceeeeeeeeneees obo ‘omni so, ri MONDO fi to brotost 

ot SBA has sais. boliaU oW ni, anovo ooo, tomborq-cARR Rd em joc T 


Coal and coke gasified in water-gas plants...........-++--sseeeeee 691,587__- owallot ag 
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Assuming an average consumption of 28 lb. coal or coke per 1,000 cu. ft. car- { 
buretted water gas, the production of water gas in the United States for 1900 was | 
49,500,000,000 cu. ft. The consumption of oil is given in the United States Cen- | 
sus of 1900 at 194,857,296 gal., and assuming an average consumption of 3°75 gal. | 
per 1,000 cu. ft. carburetted water gas, the production of the latter is J 
51,700,000,000 cu. ft. This production is estimated on the basis of Brown’s | 
directory at 51,352,000,000 cu. ft. From the closeness of these estimates they } 
may be assumed as substantially correct. | 

Production of Illuminating Gas in the United Kingdom—The Government 
statistics for the production of illuminating gas in the United Kingdom are 
published in the Journal of Gas Lighting, February 6, 1900, and January 21, 
1902, as follows :— 


PRODUCTION OF ILLUMINATING GAS IN THE UNITED KINGDOM, 1898-1900. 


Year. Coal Carbonized. Coal Gas. Water Gas. Acetylene Gas. Total Gas. 
Tons of 2,240 Lb. Gua) 12 Ou rt, Cu. Ft. Ou. Ft. 

12,841, 130,742,718,682 7,404,193,550 82,550 138,146,994,782 

13,610,688 137,078,455, 972 10,077 ,026,210 15,239 147,155,557,421 

13,906,288 139,899,277,976 12,108,452,109 81,402 152,007,811,487 


The population of the United Kingdom in 1891 was 37,888,000 inhabitants. 
The consumption of illuminating gas in 1891 was 108,694,259,471 cu. ft. The 
consumption of illuminating gas per capita in 1891 was 2,869 cu. ft. The 
population of the United Kingdom for the year 1900 has been given at about 
41,454,000, consequently the gas consumption per capita was 3,667 cu. ft., which 
is a very high average. In the United States the per capita consumption of 
illuminating gas for the year 1900 was given above, viz., only 903 cu. ft., which, 
however, excludes the consumption of natural gas. 


THE DEVELOPMENT OF By-Propuct CoKE OVENS. 


Formerly beehive ovens only were operated for the manufacture of coke, and 
they still predominate in the United States and in the United Kingdom. 

Mon. E. Coppée designed the first successful “retort oven,” which found its 
largest use in Germany, where the firm of Dr. C. Otto & Co. built nearly 8,000 
ovens of the “Otto-Coppée” type. These ovens produce a higher percentage of 
coke than the wasteful beehive oven, and they also reduce the cost of labor. 

The next step in the development was the recovery of tar and ammonia. A 
large number of ovens were designed, but of these the firm of Dr. CO. Otto & Oo. 
introduced the most successful types (especially the Otto-Hoffmann regenerative 
type) and erected in all 4,245 ovens, chiefly in Germany, for the saving of by- 
products. These ovens are built in the United States by the United Coke & 
Gas Co., which has still further improved the design especially for the manu- 
facture of illuminating gas. 

The number of by-product coke ovens in the United States and Canada is 
as follows :— 
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BY-PRODUCT COKE OVENS IN THE UNITED STATES IN 1901. 


Company. Location, Boeet Use of Coke. Use of Gas. 
Otto-Hoffmann ovens : 
Cambria Steel Co. (@)....cccccceseccees Johnstown, Pa..... 100 |Blast furnace.......<... ----|Fuel. 
Cambria Steel Co.......... Hn nceien reiie Johnstown, Pa.... 160° |Blast furnace... 52.2... Fuel. 
Pittsburg Gas & Coke Co.............. Glassport, Pa...... 120 |Blast furnace and domestic|Illum. and fuel. 
New England Gas & Coke Co.......... Everett, Mass...... 400 |Domestic and locomotive...|Illuminating. 
Dominion Iron & Steel Co............. Sydney, B. C....... 400: {Blast furnaces. c.'. esc ees Fuel. 
Hamilton-Otto Coke Co............006- Hamilton:-O.. ess: 50 |Foundry and domestic......|Illuminating. 
Lackawanna Iron & Steel Co. (q@)......|Lebanon, Pa....... C0 MB IASU LUT RCC ic o-ac 5 crue ls lees Fuel. 
Lackawanna Iron & Steel Co. (@)...... Buffalo, N. Y...... 564 |Blast furnace......... Cicete Fuel. 
South Jersey Gas, Electric & Trac- : Ca GUN 
GION OO Ran cccccos eats a ee oasis rea Camden, N. J...... 100 |Foundry and domestic...... Illuminating. 
Maryland Steel Co. (a)............ ...'Sparrow’sPoint,Md 200 'Blast furmace............... Tilum, and fuel. 
Michigan AlkaliCo..... .....] Wyandotte, Mich.. 15 [Burning lime: ... 22.0.0... Fuel. 
Sharon Coke Co. (@)........ Biselarceisie ears Sharon, Pa......... 212 |Blast furnace...... Naitwieat es uel: 
Semet-Solvay ovens: 
Solvay Process Co.... -{Syracusc, Nz: Y.... 80 |Lime kilns.......... Seach a |EUOL 
Semet-Solvay Co. .|Dunbar, Pa........ 50 |Blast furnace............+.- Fuel. 
National Tube Co... -|Benwood, W. Va... 120 {Blast furnace.. ...|Fuel. 
Semet-Solvay Co.......... -|Ensley, Ala........ 240 |Blast furnace ..-|Fuel. 
People’s Heat & Light Co.. | Halifax, No Si::3,<< 10 |Domestic.... ... |Ilum. and fuel. 
Solvay. Process: COt tien. Viisiewscsac seen Delray, Mich....... 80 |Lime kilns..... ...|/Fuel 
Semet-Solvay -Co:(@)ov lcs cece cue Dunbark Par ve. 50 |Blast furnace.. ...{Fuel. 
Detroit Iron & Steel Co. (@)............ Detroit, Mich.. ... 185 Blast furnace... .......65..0- Fuel. 
Newton Chambers ovens.......... Pocahontas, Va.... 60 |Blast furnace............--- 
ROGAN aecitetsnen taut ante toe aaron 3.298 


(a) In course of construction. 


A Mopern Orto-HoFFMANN COKE OVEN PLANT. 


In order to adapt the Otto-Hoffmann process, as practiced in Germnay, to the 
few requirements as presented in the United States, and especially for the manu- 
facture of illuminating gas, many changes were necessary. The following de- 
scription is of a modern Otto-Hoffmann plant composed of 100 by-product coke 
ovens, as erected by the United Coke & Gas Co., of New York.” 

Bituminous coal, when exposed in closed retorts to a high temperature, gives 
the following products: (1) Coke, remaining as a residue in the retort; (2) tar; 
(3) gas liquor, from which subsequently by distillation ammonia products are 
obtained, and (4) coal gas, which contains benzo] and its homologues in vapor 
form. From the gas there are at times additional products extracted—cyanogen 
and sulphur—but this will not be discussed here. 

In order to show the variations in the yields of different coals, the following 
results obtained on some coals in Otto-Hoffmann coke ovens are given :— 


YIELDS OF VARIOUS COALS USED IN OTTO-HOFFMANN OVENS, 


Ammonium] Total Gas per 
Plant Used. Coke. Tar Sulphate. 2,000 Lb. 

Average operating results: & % Cu. Ft. 
Dominion (Cape Breton) coal, Everett, Mass........... 2°83 4°99 1°010 9,000 
Youghiogheney (Pa.) coal, Glassport, a se cicdaicetastane 75°60 5°07 1-100 9,000 
Westphalian coal (Germany).........ssseeeseececsevees 74°50 3°70 1:280 9,600 

Distillation test: 
Connellsville (Pa.) COa@l.....csecceeeseescoees Vivegee ees 76°34 6°14 1-228 8,924 
Pitfshure ChaMCowsc. aces cores tes wasiecstere alee esiswistete tes 68°25 4°38 0°908 8,884 
Coal from eastern part of Pennsylvania ietersiaie sere: binie ares 85°00 2°00 0°800 8,400 
Wirrertin pCO ali ctarrreresatetcertere i 'et el sicsereiareiese\el cic oe or elaipreiie ay selaies 66°01 4°70 1070 10,090 
Kanawha (WieVas) COAL asic. cess csou sesame cteese rs 73°60 6°40 1-000 10,289 


Ovens.—The ovens are arranged in two groups or batteries of 50 ovens each, 
as illustrated in Figs. 1, 2 and 3. Each oven (1) is an air-tight retort, consisting 
of a rectangular chamber 43 ft. 6 in. long X 17 in. wide X 6 ft. 6 in. high. The 


7 United States Patents Nos. 627,595, June 27, 1899; 674,928, May 14, 1901; 684,590, Oct. 15, 1901; 698,062, 
698,063, Apr. 22, 1902. Further patents pending. 
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capacity of these ovens is 8 short tons of coal per charge; coking time, 24 hours. 
The daily coke output, with average coking coal yielding 75% coke, is therefore 
six short tons. The ovens are placed side by side, and are supported on a steel 
structure consisting of light I-beams, running the length of the battery, which 
rest on cross-girders supported by steel columns. 

The construction allows the brickwork to be inspected at all points. The 
primary object, however, is the uniform distribution of fuel gas to the com- 
bustion chambers for heating the oven retorts. The retorts are separated by hollow 
walls, which are divided into 10 compartments (2), each compartment containing 
four, preferably vertical, flues (3). An air chamber is located directly under the 
retort (4). Alongside this chamber, and directly under the vertical flues above 
referred to, are 10 combustion chambers (5). The gas supply to each of the 
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Fic. i.—Cross Section or AN Orro-HorFMANN By-Propuct Coking PLANT 
FOR THE MANUFACTURE OF ILLUMINATING GAS. 


chambers is controlled independently, and a uniform heat is maintained through- 
cut the entire length of the oven. The air for combustion is admitted through 
opening (6) in the wall between the air and the combustion chambers. The 
air is heated to 1,800°F. by a pair of regenerators (7), placed together under 
‘the center of the battery and running its entire length. A vertical flue (8) con- 
ducts the air from the regenerator to the air-chamber (4), under the oven. 

The well-known Siemens principle is used in operating the air regenerators, 
with reversals every 30 minutes. The fuel gas is reversed at the same time as the 
air by means of a suitable valve; but the gas is not regenerated. 'The gas unites 
with the hot air in five combustion chambers (5), ascends through the vertical 
flues (3) to a horizontal flue (9) above, through which it passes and descends 
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through the five chambers in the other end of the oven, thence through the air 
chamber (4) and vertical flue connection (8) to the regenerator (7) and through 
the reversing valves to the stack. The regenerators are built entirely independent 
of the oven structure, so that their expansion does not affect the oven brickwork. 
Instead of arranging the regenerators directly underneath the ovens, they have 
been arranged also vertically at the end of the batteries like hot blast stoves. 
Coal Handling.—A steel coal storage bin (12) of a capacity equivalent to 
about.two days’ coal consumption, is placed between the batteries. The coal is ele- 
vated to the bin from a hopper (13), placed under the coal-receiving track (14) 
by a belt or other type of conveyor (15). A coal larry (16) of 8 tons capacity, 
runs on a track (17) on the top of the batteries and under the coal bin. The larry 
consists of a long narrow bin with eight spouts in the bottom, through which 
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OROSS SECTION THROUGH FLUES. 
Fig. 2.— DETAILS OF CONSTRUCTION oF A MopERN Orro-HorrMANN By-Propuct 
CoKE OVEN. 


the coal is run into the oven retort through holes in the top of it, and is leveled 
by means of a bar worked through a small opening in the doors at the ends of 
the oven. The larry is operated by an electric motor and receives its load of 
coal from the storage bin, under which it passes. 

Coal Compression.—A uniformly dense metallurgical coke can be produced, 


and the output of an oven largely increased by compressing the coal into a mold 
slightly smaller than the retort and charging the block through the oven door. 
In order to make a sufficiently solid block it is necessary that the coal should 
have a certain percentage of water (8 to 12%.). Unless the coal carries such an 
amount it will have to be added. The subsequent eveporation of this water in the 
coke ovens requires additional gas for heating the ovens; the additional amount 
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of water vapor has to be condensed (requiring larger condensing capacity) and 
an increased amount of gas liquor has to be distilled (requiring larger ammonia 
still capacity). These items form eventually an expense against the saving result- 
ing from the increased capacity of the plant. Generally speaking the answer to 
the question whether the greater density of the coke is desirable should decide 
for or against adoption of the coal-compression method. Besides these there are 
other important points to be taken into consideration which cannot be discussed 
here. 

Coke Handling.—Upon the completion of the coking process the oven doors 
are raised and the mass of 6 tons of coke is pushed upon a movable platform 
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LONGITUDINAL SECTION ELEVATION 
Fic. 3.—DETAILS oF CONSTRUCTION OF A MopERN Orto-HorrmMan By-PRoDUCT 
CoKE OVEN. 


(20) by means of a ram (21). The pushing ram, as well as the machine (22) on 
which it is mounted, are operated by electric motors. The coke, after being 
pushed upon the platform, is quenched and allowed to cool. The platform (20) is 
then tilted by an electric motor and the coke slides off into cars (23), which 
run on a track at the back of the machine. 

Gas Mains.—The gas distilled from: the coal during the coking process is con- 
ducted to the condensing house by two independent systems of mains (25 and 26). 
These mains run on top of the battery for its entire length—one on each side. 
Each oven is connected to each main by a vertical pipe (27) and valve (28). 


MANUFACTURE OF COKE IN THE UNITED STATES. 147 


During the first part of the process the rich gas is taken off through the rich-gas 
main (25). The valve to this main is then closed and the balance of the gas is 
taken off through the poor-gas main (26). When the coking is completed the 
valve to the poor-gas main is closed, disconnecting the oven from both mains. 

Condensing Plant.—The difference in the composition of the two fractions of 
gas is evident from the following table based upon the Dominion Coal Co.’s Cape 
Breton coal :— 


COMPARISON OF RICH AND POOR GAS FROM DOMINION COAL, OBTAINED IN PRESENT 
OPERATIONS AT EVERETT. 


Rich Gas Poor Gas (Oven- 
(surplus). heating Gas). 
Everett. Everett. 
% by Volume. % by Volume. 
Tdi Ants C Cia ea Ye as. oro'ssisiciviclccslaiee ala bales e erdie\a eccla/sta orers'e's'wvsisislp elalsieioreisca 5:0 2°5 
Marsh 28s (CHig)aca see sec cence cscs veisces sieisieacisiene vdce'sisiiticins eisiscsivec= 80-4 29°2 
EEliy Ax OTC Mi) sotatesdrareciepsrtcoia's\ sve ctarsiolcucjar orem Clave oii eterciiaeis wigibieletalelaiarsteisierele cieelkis 44°3 51°8 
Carbonsmomoxide: (GO) ee ecto cts weiss leios erates boats elomleipcieies sess sieisi incr 6°2 5°0 
Carbon dioxide (COg). 2.0... .cceccse cc ncc cee csscccoccsccconsesecnsencees 2°9 2°0 
ORY POOR) oho ais coos ole eletetere stale abn e ora Sie ONS ace: stations vialeiwrarelevemtatueteis eye 0°1 0-4 
Nit gen (ING) sp :siers cic cinie sie oie « violereisic si eieissa cle bioieie sicce/einis eie's em-oieie,s e\e'a.s(m.eisinle)gia 471 9°71 
100°0 100°0 
Calorific value Ba Wiccisestc cic cick ax 00 e's o/cicinte eicleie sleiereisieis'e sieceis’s Scjeie.oleleieis.e 707°8 515°0 
Candle-power, gas not freed Of COg.........cceecsccecceccccececoccceses 16°3 8:0 
Candle-power, gas freed Of COg...... cece se eerecneeeececeseesccecncers 18°5 9°5 
PR ht Te Se WS ae RST UT ee Pe gta ce eden gE he Nic Ns abe ee en A SE IE er ee 


The cooling of the gas and the removal of tar and ammonia are done in the 
usual apparatus, hence it is not necessary to discuss it here in detail. Both the 
rich and poor gases are treated in the same manner. The following is the sequence 
of the apparatus as shown in the general sketch of a gas plant for coke ovens, 
Fig. 4: (1) and (7) are air coolers; (2) and (8) are multitubular water coolers ; 
(3) and (9) are tar extractors; (4) and (10) are exhausters; (5) and (11) are 
sccond coolers intended to remove the heat produced by the compression of the 
gas in the exhausters, and (6) and (12) are ammonia washers. 

The rich gas when freed of tar and ammonia, leaves the condensing plant and 
passes through pipe (42) into the purifying plant (37) and from there into a 
large storage gas holder for illuminating gas, from which it goes into the city. 
The poor gas, after being treated in the same manner as the rich gas, leaves the 
ammonia washers (6) and passes through two benzol scrubbers (13) and (14). 
After having been freed of its benzol, it flows through pipe (15) into the oven 
gas holder (16). Here it is mixed with producer gas, when necessary, and carried 
tc the ovens for heating by the pipe (17). The benzol extracted from the poor 
gas is then transferred to the rich gas, so as to increase its candle-power. 

The tar-oil by which the gas is washed runs first from tank (18) through the 
second benzol scrubber (14) into tank (19). From here it is supplied by pump 
(19-4) into the first benzol scrubber (13). The tar-oil enters from tank (18) 
with about 0°5% of benzol, leaves washer (13) with about 1°5% of benzol, 
and is finally collected in tank (20). From here it is fed by pump (20-4) 
into still (21) in which the benzol is reduced again to about 0°5%. ‘The ex- 
hausted oil collects in tank (22). From here it is taken by pump (22-4) through 
the oil cooler (23) in order to be again supplied to tank (18) for a new absorption, 
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A small additional plant is needed (which, however, has been omitted in this 
sketch), by which a small percentage of the oil is revivified, in order to keep it 
active for benzol absorption. This consists of a simple tar still and condenser, in 
which the tar-oil is freed from most of the naphthaline and other hydrocarbons 
incidentally absorbed. The presence of an excessive percentage of them in the 
tar-oil would interfere with a complete benzol absorption. 

The benzol vapors which are driven off in still (21) are carried into the rich- 
gas system by means of a gas current coming from the pressure side of the 
rich-gas condensing plant. This greatly facilitates the distillation of the tar-oil 
passing through the still. The mixture of the gas and benzol vapors then passes 
through pipe (24) preferably to the inlet of the exhausters (10) of the rich-gas 
condensing plant. In this manner, the vapors do not come in contact with a large 
body of tar, which would be liable to absorb a part of the benzol. 

It is unnecessary to describe here the details of the benzol distilling plant. 
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Fig. 4.—ARRANGEMENT oF GAs PLANT For By-Propuct Coxe OVENS OF THE 
MoprerN Orro-HoFFMANN 'T'YPE. 


A great number of these are in operation in connection with German by-product 
coke plants. The United Coke & Gas Co., however, controls for the United States 
the Hirzel process of benzol recovery which has been preferred by the German 
coke plants. 


AUXILIARY GAS PLANT. 


When operating the plant continuously, practically the same amount of surplus 
gas is obtained every day, and the plant would not be adapted to follow the fluctu- 
ations in the gas consumption. The plant is consequently so designed that its 
surplus gas will meet the minimum requirements in summer time, and the in- 
creased requirements in winter are made up by an auxiliary gas plant. Two ways 
suggest themselves in connection with the by-product coke ovens :— 

1. An Auailiary Producer Plant.—Producers are operated preferably on coke 
screenings and refuse coke, which finds a sale only at a reduced price. The pro- 
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ducer gas thus obtained is mixed with the poor coke-oven gas and burnt under the 
ovens. In this manner, more rich gas becomes available. Such a plant is now in 
operation at the New England Gas & Coke Co.’s works, with exceedingly good 
results in regard to heat efficiency, #.¢., 90% of the fuel value of the coke 
charged into producers is accounted for in the increased volume of rich gas. 
(This plan has not been shown in the accompanying sketches. ) 

2. Auziliary Water-Gas Plant.—Instead of a producer plant, a water-gas plant 
may be added to the coke ovens, as is indicated in Fig. 4. This plant may be 
operated in three ways :— 

(a) As a producer plant. By shutting valve (27) permanently and opening 
valve (25) the generator (26) is permanently used as a producer. A mixture of 
air and steam is blown through the incandescent fuel bed, and the gas, after being 
cerubbed in (40) passes through pipe (41) into the oven gas holder, where it 
mixes with the poor coke-oven gas and is sent to the coke ovens for heating. 

(b) As a carburetted water-gas plant. By shutting valve (25) and opening 
valve (27) the plant becomes an ordinary carburetted water-gas plant with gen- 
erator (26), carburettor (28), superheater (29), washer (30), condensers (31) 
and, (32), and relief holder (34). The carburetted water gas is sent through 
the exhauster (35), and through the purifying plant (37) into the large storage 
holder for illuminating gas. It is evident that such an equipment affords a most 
valuable reserve in case of coal shortage, strikes, etc. 

(c) Combined producer and water-gas plant. When blowing air through the 
generator, valve (25) is opened and the producer gas passes through scrubber 
(40) into the oven-fuel gas holder (16). When the fuel bed thus becomes hot, 
valve (25) is closed and valve (27) is opened, while steam is blown through the 
generators. The resulting blue water gas passes through the entire set of water- 
gas apparatus (28 to 32), while, however, no oil is fed into the carburettor. The 
blue water gas is finally taken from the storage holder (34) by means of exhauster 
(35), and mixed with the rich gas coming through pipe (42) at the entrance of 
ihe purifying house (37). The mixture of the gas then -passes into the storage 
holder and thence into the city. The candle-power in the rich gas would, of 
course, be reduced by the admixture of blue water gas, but this is made up by the 
benzol which is transferred from the poor gas to the rich gas, as described above. 

Quality of Gas——The amount of surplus gas thus recovered ‘is given on 
page 152. The candle-power and caloric value of the gas are higher than those 
of the average coal gas. The Everett coke-oven gas has 18 to 19 C.P. without 
further enriching. 


RECOVERY OF TAR AND AMMONIA. 


Tar and gas liquor are obtained in the condensing and scrubbing process 
through which the gas passes, being collected in large cisterns in which they sepa- 
rate, the havier tar sinking to the bottom. The tar is drawn off and allowed to 
stand in order to eliminate the water fully, which is facilitated by slightly warm- 
ing the tar. 

The gas liquor is composed of a great number of ammonia compounds for the 
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enumeration of which reference may be made to the technical literature cited on 
page 152. The volatile ammonia compounds can be partly driven off from the gas 
liquor by passing steam through it. The balance of the ammonia is combined 
with acids in the form of so-called “fixed” ammonia salts which require decomposi- 
tion by lime before rendering the ammonia volatile in a current of steam. 

The general arrangement of the ammonia plant for 100 coke ovens is shown 
in Fig. 5. It is arranged for the manufacture of both concentrated liquor and 
sulphate of ammonia. The crude ammonia liquor, which contains between 1 
and 3% of ammonia (in accordance with the percentage of water contained in 
the coal and used in recovery) is pumped from the condensing house cisterns to 
the ammonia liquor supply tank 8. 


Fie. 5—Apparatus FoR Maxine ConceNtRATED AMMONIA Liquor AND 
: AMMONIUM SULPHATE. 


For the manufacture of concentrated ammoniacal liquor, the liquor from sup- 
ply tank S is run in a constant stream into the preheater A, in which it is heated 
by the ammoniacal vapors and steam given off by the still. The hot liquor enters 
into the upper part of the volatile ammonia still B, where all the volatile ammonia 
is driven off ; it then passes through the lime chamber C and lime still D, in both 
of which the fixed ammonium salts are decomposed, the solution finally leaving 
the lime still at ¢ as spent liquor, which should contain but traces of ammonia, 
The reaction may be expressed as follows:— 


Ca(OH),+2(NH,) Cl=CaCl,+2H,0-L2NH,. 


The distillation is performed by means of steam, which enters the bottom of 
lime still D and of lime chamber 0. Milk of lime is introduced into the lower 
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part of the lime chamber C through pipe e. The ammonia vapors and steam pass 
upward through the still proper, breaking in each section through the light seal 
of liquid, thereby heating the same and driving off the ammonia, until after 
leaving the upper section of still B they enter into the heater A, in which they 
preheat the fresh liquor coming from the supply tank S. From the heater the 
mixture of ammonia vapors and steam, together with volatile impurities (carbonic 
acid, hydrogen sulphide, etc.) pass through a large pipe line A into the concen- 
trator #, in which they are condensed by means of cooling water. The ammonia 
vapors are absorbed by the water and a concentrated liquor is formed, which 
runs into storage tank 7’. The strength of the liquor can be regulated by the 
quantity and temperature of the steam used in the stills. The concentrated liquor 
is forced by means of air compressors into steel tank cars for shipping.’ The 
very obnoxious waste gases are brought into the poor-gas mains, and burned under 
the ovens, or otherwise disposed of in an inoffensive way. 

For the manufacture of ammonium sulphate the process is identical with that 
of concentrated ammoniacal liquor with this difference that the mixture of steam, 
ammonia vapors and volatile impurities, after leaving the heater A are conducted, 
instead of to the concentrator H, to the saturators /’, which are filled with diluted 
sulphuric acid. In these saturators, ammonium sulphate is formed with a con- 
siderable heat. 


2NH,+H,S0,—(NH,),80, 


When the sulphuric acid becomes neutralized, the ammonium sulphate separates 
in the form of white crystals. The salt and mother liquor are finally dropped 
from the bottom of the saturator into the cooling tank G and another saturator 
is placed in use. After all the ammonium sulphate has crystallized out, it is put 
through a centrifugal dryer H, from which the mother liquor flows into the well L 
and the dried ammonium sulphate drops from the bottom upon a belt conveyor K, 
which brings the market product to the storage room or to the apparatus for 
automatically weighing it and placing it in bags. 

The waste gases from saturators F’ pass through waste gas pipes into the poor- 
gas main in the same manner as in the manufacture of concentrated liquor. It is 
necessary, in running the saturator, to cut off the supply of ammonia gas before 
the point of saturation is reached otherwise loss of ammonia and discoloration 
of the ammonium sulphate ensues. 


WORKING RESULTS OF A PLANT oF 100 Ortro-HoFrFMANN CoKE OVENS. 


It is difficult to give a working statement which will apply to all conditions, 
as the latter may vary considerably with the locatior. The following items, 
however, enter into the actual working results and give sufficient data to enable 
an estimate to be made for any particular condition :— 


8 ¥or the effect of the concentrated ammonia on steel tanks see Pennock & Morton, Journal of the Ameri- 
can Chemical Society, 1902, XXIV., p. 377. 
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WorKING RESULTS OF A PLANT oF 100 Coke OvENSs AND GAs PLANT. 


ANNUAL EXPENDITURE. Short Tons. 
. Coal.—800 net tons of coal per day, or per year 
. Wages, materials and maintenance.—Estimated at 30 to 50c. per short ton of coal car- 
bonized, for which sum the coal is taken from a vessel or railroad car, the coke delivered on 
the cars and the tar is delivered in a storage tank. The gas liquor is munufactured into 
concentrated ammoniacal liquor or ammonium sulphate, and the illuminating gas is deliv- 
ered into the gas holder. 
. Gas auxiliary expenses.—The increased demand of the winter months would be satisfied by 
means of a producer plant, which would consume of coke 
The operating expenses, wages and materials for these producers would amount to about 25 
to 40c. per ton of coke gasified. An auxiliary blue water-gas plant, as described above, 
would entail approximately the same expense. 
. General expenses. 
. Interest and depreciation.—No satisfactory estimate can be made for this item, as the cost of 
the plant depends greatly on the location. 
ANNUAL RECEIPTS. 
. Coke (75%).—600 short tons per day equal per year 
The value of the coke will depend upon the demand forthe same. Metallurgical and foundry 
coke generally command a better price than domestic fuel. 
. Tar (5%) is equal to 
Valued at New York at $5 to $7 per short ton. 
. Ammonia (1%) calculated as sulphate 
Quoted at present in New York at $60 per short ton. From the sales price, the cost of the sul- 
phuric acid should, however, be deducted, when manufacturing sulphate. 11lb. ammonium 
sulphate requires approximately 1 lb. of 60° B. sulphuric acid. 
. Additional by-products (cyanides, light hydrocarbons, sulphur) may be recovered. Themarket 
price for these products varies greatly. 
. Gas.—The gas sold to consumers, after taking into consideration the leakage, etc., willamount Cu. ft. 
per year to 1,250,000,000 
The value of the gas in the holder varies according to local conditions within wide limits. 


CoAL Tar. 


Tar is a product of the destructive distillation of organic substances, and 
according to the material subjected to this treatment are produced: (1) Wood 
tar (obtained in the manufacture of charcoal); (2) Oil tar (obtained in the 
manufacture of carburetted water gas and as a residue in the distillation of crude 
petroleum) ; (3) coal tar (produced in the destructive distillation of bituminous 
coal chiefly in coke ovens and gas retorts. Small quantities of coal tar are also 
obtained from blast furnaces using bituminous coal, and from by-product gas 
producers) ; and (4) Miscellaneous tars (which are obtained by subjecting various 
organic refuse to destructive distillation, as for instance, bones in the manu- 
facture of bone charcoal. Small amounts of an inferior tar are produced in this 
way). 

The following discussion is limited to coal tar only, including the product from 
coke ovens and gas retorts and incidentally water gas tar. The quantity of the 
other kinds of tar produced is so insignificant that it may be neglected. 

Statistics—The following table gives the world’s production of coal tar and 
water gas tar for the year 1900. Accurate figures are not obtainable and the table 
has been compiled on the basis of the ammonium sulphate and gas produced in 
the various countries. 


THE WORLD’S PRODUCTION OF COAL TAR AND WATER GAS TAR FOR 1901. 


Barrels. Barrels Barrels, 
(a) per Capita. 


4,000,000 0°096 Belgium, Holland, Sweden, Norway and Denmark.... 
2,600,000 0°046 Austria, Russia, Spain and other European countries.. 
1,200,000 0°016 Allother countries. .i5. iid. odie ob iciaite 08 Soir ‘ 
840,000 0°022 ——__ 
11,290,000 


(a) One barrel of coal-tar=50 gal.=500 Ib. 


The United States ranks below both England and Germany in the total produc- 
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tion of tar and its per capita production is even less than that of France. There- 
fore a large increase in the tar production would not be by any means so serious 
a matter as has been feared by those averse to the by-product coking system. It 
is of interest in this connection to glance at the amount of tar and pitch imported 
into this country, as given by the Bureau of Statistics of the United States 
Treasury Department. | 


IMPORTS AND EXPORTS OF COAL TAR AND PITCH IN THE UNITED STATES DURING 
1895 To 1901, INCLUSIVE. 


Year ending June 30th. 1895. 1896, 1897. 1898. 1899. 1900. 1901. 


Barrels. Barrels. Barrels, 
25,049 74,885 87,959 
36,903 BGi090.- Nanton eet ee 


: : Barrels. | Barrels. | Barrels. | Barrels. 
Imports of tar and pitch............... 116,630 | 141,515 111,526 88,603 
EX pOLts OG CAM. srscast hs ces core oa 22,773 16.865 17,640 19,316 


The imports and exports of tar are insignificant when compared with the Sus 
duction, particularly in recent years. 

Of the 74,385 bbl. of tar imported into the United States in 1900, 71,980 bbl. 
came from the United Kingdom. The extent to which the other derivatives of 
coal tar are imported into this country is also to be taken into consideration. 
These products, comprising benzol, toluol, carbolic acid, salycilic acid, aniline and 
alizarine colors and dyes, and numerous other technical and pharmaceutical 
articles, were imported to the value of $6,773,152 in 1900, on which duty to the 
amount of $1,516,689 was paid. 

The English market reports as given in the Journal of Gas-lighting show 
that the average annual price of tar has varied from 1°57c. to 2°27%c. per U. S. 
gal. since 1895, the average price for 1901 being 1°74c., and that pitch has varied 
from $5°73 to $10°47 per short ton; the average price for 1901 being $849. The 
prevailing price for the tar in the United States ranges between 2°5c. and 3°5ce. 
per gal. in large quantities. The German prices are somewhat above the English 
prices, and approach the American figures. Large quantities of crude tar products 
are imported by Germany from England. Germany, as is well known, leads all 
other countries in the manufacture of refined tar products, as is instanced by the 
fact that one-third of the crude carbolic produced in England is sent to Germany 
for refining. 

Composition—Crude tar varies considerably in its quality, the differences 
arising partly from the coal from which it is derived and partly from the method 
of distillation. The distinguishing characteristic of coke oven tar is its low 
percentage of free carbon, which varies from 8 to 15%, while tar from gas 
works commonly has from 20 to 35% and even more, due to the higher heat used 
in carbonization which tends to destroy the hydrocarbons. The low percentage 
of free carbon in coke oven tar increases its value for most purposes, especially in 
the chemical industry. Characteristic analyses of coke-oven tar and gas-house 
tar are given in the table on page 154. 

Uses.—Crude tar is used directly without further treatment for a number 
of purposes and a certain proportion of the production is absorbed in supplying 
these demands. A number of the smaller gas works, particularly in England 
and the United States, find disposition for their whole product in local fields for 
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DISTILLATION TESTS OF VARIOUS COAL TARS. (a) 


Coke-oven Tar. Gas-works Tar. 


F ie % American. 
Fractions. Dominion Germania 


Coal. Plant German. 


(Everett.) |(Westphalia). Fair Poor 


Quality. Quality. 


| 
| 
| 


Light oil 
Middle oil 
Heavy oil 
Anthracene oil 


11198 


(a) White & Hess, in Journal of Chemical Industry, 1900, p. 509. 

paimting, varnish making, pipe coating, dipping paving brick and roofing tile, pre- 
serving stone work, concrete pavements, ete. The manufacture of tar varnish 
consists principally in heating the tar to drive out the ammoniacal liquor, which 
would corrode iron work, and in thinning the tar by the addition of oil. The 
market for this product is limited, as a similar article, usually better adapted to 
its specific purpose, is made by the large tar works, by mixing hard pitch and light 
oils with other ingredients to suit various requirements. A certain amount of 
crude tar is also used for the basic lining of Thomas and Gilchrist steel converters, 
but the consumption in the United States for this purpose is very small. The use 
of crude tar as a fuel is also met with from time to time. Market conditions 
and the difficulties of transportation have in times past caused the burning of a 
great deal of tar, but of late years the development of the tar industry has pre- 
cluded this. Numerous determinations have been made of the fuel value of tar 
for steam raising and other purposes. The theoretical calorific power of tar 
compared to coal was estimated by Mr. F. G. Dexter as 2 to 1.7? Lunge'? considers 
this value high and cites a test by Mr. J. T. Lewis, showing a ratio of 7 to 5 
between tar and coke burned under gas retorts. Kdorting’? gives the theoretical 
value as 1 to 1-2 but states that the practical efficiency will favor the tar. Mr..C. F. 
Prichard*® gives the calculated calorific power of coal tar as 15,781 B. T. U. per 
Ib. and coal as 14,385 B. T. U., a ratio between the theoretical values of about 
1:1 to 1, while the actual test. showed that the evaporative effect was as 11:91 to 
9°8, a ratio of 1°21 to 1. The latter test Mr. Prichard does not consider as con- 
clusive for the tar, but he believes that a ratio of 14 to 9°8 or 1°43 to 1 should 
be easily attained. This is practically the same as Mr. Lewis’s ratio of 7 to 5 
(1°4 to 1). 

Tar (or preferably tar oil) when burned in a specially constructed furnace 
with insufficient air supply yields lamp black. The products of combustion are led 
through long brick passages before reaching the stack, and in these the soot is 
deposited. Lamp black is used in the manufacture of printers’ and lithographers’ . 
ink, patent leather, and in making carbon electrodes. 


—— 


10 Journal of Gas Lighting, 1856, p. 1242. 

41 Coal-tar and Ammonia, p. 237. 

12 Journal fuer Gasbeleuchtung, 1886, p. 548. 

13 Proceedings of the American G1s Light Association, Vol. XVIII., 1901, p. 389. 
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Saturated felt paper is made by passing dry felt through hot tar, then through 
squeezing rollers, and then winding it up in rolls of the desired size, which are 
allowed to dry out before placing on the market. Felt, according to its nature and 
to that of the tar, will absorb from 75 to 150% of its weight. T'wo- and three-ply 
papers are made by passing two or three layers of saturated felt between heated 
rolls, at the same time adding hot pitch of the proper consistency to cement the 
inner surfaces together. Some papers are even supplied with a layer of gravel 
imbedded in pitch on one side, and are called “ready roofing.” The saturated felt 
is usually applied to the surfaces to be water proofed, in successive layers, each 
being painted with hot pitch, which cements the whole together. If used on roofs 
a final layer of gravel is spread over the surface. For water proofing brick work 
or concrete foundations, the outer shell of the structure is built, and then lined 
with the saturated felt and well pitched, after which the inner masonry is 
built up. 

Coal Tar Distillation —Coal tar is ordinarily distilled by heating it in steel 
vessels enclosed in brick work settings which are provided with grates for burning 
coal. The vapors given off are condensed in a coiled pipe or worm immersed in 
water. The distillates flow into a small receiving tank which discharges into 
storage tanks provided for the different fractions; the oil usually being separated 
in accordance with its specific gravity. The pitch remaining is transferred from 
the still to a cooler, from which it flows into barrels when cooled to the proper 
temperature. The usual form of still is a horizontally-placed cylinder of boiler 
plate. The larger ones hold about 10,000 gal. and the smaller ones are of various 
capacities down to 500 gal. European tar distillers generally use a vertical still 
with concave bottom. In American practice the distillates given off below 270°C. 
(518°F.), are usually separated into light and heavy oils only (1.¢., oils of a 
lower or higher specific gravity than water). With the light. oils, a more or les3 
considerable amount of water is expelled, so they are collected in a storage 
tank and separated after settling. It is not usual to separate the fractions more 
carefully, though in some cases redistillation of the light oil for “naphtha,” ete., 
is carried on. The heavy oils or creosote oils are used largely in wood impreg- 
nation, and for the manufacture of lamp black. 

In European works, the distillation is carried mich further, 7.¢., to a higher 
temperature than in the American plants, the object being to obtain the anthra- 
cene oil, which is the basis of the very extensive alizarine dye industry. The 
following scheme of the distillation process is given by Schilling.” 


Temperature of Distillates. Commercial Product. 
I. Frac..on up to 388° F........ Ammoniacal liquor, 90% benzol, 50% benzol, solvent naphtha, burning naphtha. 
II. Fraction 338° to 446° F....... Naphthalene, carbolic acid. 
III. Fraction 446° to 518° F... ... Creosote oil for impregnation, lubricating oil. 
IV. Fraction 518° F. upwards....| Anthracene 


Wi GSIGUI Os sais eatslartiscocclecs eis erate? Pitch. 


In European works the distillation is usually carried on under a slight vacuum, 
and the separation of the various oils is done by a measuring device. The tem- 
perature is carried as high as 360°C. (680°F.), which is about as high as the 


14 Gas-Beleuchtung, p. 226. 
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stills will stand. The resultant pitch which is much harder than the American 
product is run into depressed pitch floors to cool and is afterward broken up into 
pieces for shipment in bulk. It is chiefly used in the briquette industry. If a 
soft pitch is required, the hard pitch is remelted (or “cut back”) with heavy 
oil, or the heavy oil is added to the pitch while it is yet molten in the still. A 
large portion of the soft pitch used in England and on the Continent is made in 
this way. 

Numerous attempts have been made to avoid the difficulties incident to the 
operation of the ordinary intermittent tar still by developing a continuous process 
and a number of devices for the purpose are mentioned by Lunge in his work, 
Coal Tar and Ammonia, p. 334, of which those introduced and operated by Len- 
nard in England, and H. Hirzel at Leipzig, appear to have met with some measure 
of success. The Lennard still, of which in 1895 there were three in Great Britain 
and one on the Continent, has a capacity as high as 480 bbl. per day. 

Soft pitch is extensively used in paving to fill the interstices in brick, stone 
or wooden pavements. It is also used in asphalt pavements to some extent. Pitch 
by itself is very much used in certain sections of the country as a binder for con- 
crete, and gives very general satisfaction where traffic is not too severe. A form 
of pavement called tar macadam has lately come into prominence. It is a com- 
bination of broken stone and soft pitch mixed hot and rolled in place under a 
heavy roller. Very good results have been reported from its use. 

Briquetting.—The-manufacture of fuel briquettes is the principal use for coal- 
tar pitch in England and on the Continent. The high price of fuel and the fact 
that there are large quantities of fine coal of little or no value has caused this de- 
velopment. The subject has been thoroughly discussed in Tun MINERAL INDUSTRY, 
Vol. VI., to which reference should be made. It is possible that the increase in 
the number of by-product coke ovens and the consequent larger supply of tar and 
pitch, together with the growing demand for a convenient and smokeless fuel may 
cause the industry to make more progress in the United States than it has done 
hitherto, 

Tar Chemicals.—The chemicals recovered from tar distillation are the benzols 
(50 and 90%), solvent and burning naphtha, pyridine basis, carbolic and cresylic 
acid, naphthalene, creosote oil, anthracene, etc. The development of the tar 
chemical industry has been carried farther in Germany than elsewhere, and the 
concerns engaged in it have been very prosperous. 


AMMONIA. 


Distribution of Nitrogen in Products of Dry Distillation of Bituminous Coal.— 
The nitrogen contained in bituminous coal is the most important source of 
ammonia, and in the near future it will doubtless become the most important 
source of combined nitrogen. Dr. Knublauch? found the distribution of 


ees gs a ea an ak 

1 Journal fuer Gasbeleuchtung, 1895, p. 756. Similar investigations are published by Wm. Foster, Journal 
of the London Chemical Society, 1888, p. 105, and L. T. Wright, Journal of Gaslighting, Vol. LIT., p. 169, in 
which latter publication the great influence of the temperature is shown, H. Tichauer, Jowrnal fuer Gasbe- 
leuchtung, 1894, pp. 363 and 381. 
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nitrogen in the products of dry distillation of two Westphalian coals to be as 
follows :— 


DISTRIBUTION OF NITROGEN IN PRODUCTS OF DRY DISTILLATION OF WESTPHALIAN 
COALS. 


Of 100 parts nitrogen in the coal were found: 
In coke 
In gas liquor as ammonia 
In cyanides 


It is therefore seen that only about 13% of the total nitrogen in the coal is 
obtained in form of ammonia. The Mond producer gas process recovers a part 
of the large percentage of nitrogen remaining in the coke. 

The percentage of nitrogen in coal varies from 0°5% to 2°5%, and ordinary 
coking and gas coals contain from 1:5% to 2°0%. 

A large number of processes have been suggested for the increase of the 
ammonia yield in the dry distillation of coal, among which the addition of lime 
to the coal has been proving advantageous, as far as the increase in the yield is 
concerned. Its use, however, is coupled with serious disadvantages which have 
prevented its adoption in practice. 

Gas Liquor.—The amount of gas liquor obtained varies between 7% and 15% 
according to the percentage of moisture and water of decomposition as well as 
with the amount of additional scrubbing water used. It does not contain any 
ammonia in the free state, but is a mixture of various compounds in widely 
varying percentages of mixture. As an example of its composition the analysis 
of an English gas liquor is quoted from Arnold, Ammonia and Ammonia Com- 
pounds, which however should by no means be considered as an average analysis. 


ANALYSIS OF AN ENGLISH GAS LIQUOR (BY DYSON). 


Ammonium sulphocyanide.......... Sarees 


C (NH,)CNS 
Ammonium sulphide.............ceeceeees 


(NH,)HS 


AMMONIUM SUIPHALe ds... cccicceles.s evmcinc es s (NH,4)2S0O, 
Ammonium thiosulphate........se0..seee (NH,).S,03 
Ammonium chloride ..........-.0e0- pieiseie.s (NH,)Cl 
Ammonium ferrocyanide...........+.s.00+ (NH,4)4Fe(CN), 
Ammonium carbonate.....c.cececsccesees 4)gCOg 


Total ammonia............. BODE OG DOL 


NH, 
‘POA! SUIPHUNS. cokecnea see cee heen Ss 


A few of these compounds are decomposed by steam (volatile ammonia), am- 
monium carbonate, for instance, splits up as follows :— 
(NH,),CO,=2NH,—+—H.0-+_€O,. 
Others are decomposed only by an addition of a stronger base than ammonia. 
For instance, ammonium chloride reacts with lime as follows :— 
2(NH,)Cl+Ca0—CaCl,+H,O-+-2NH.. 
The relative proportions of fixed and volatile ammonia vary considerably, ac- 
cording to the character of the coal from which the gas liquor is derived. 
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Various Ammonia Products.2—The quantity of the various ammonia products 
consumed in the United States is given elsewhere in this section. Ammonia is 
shipped from the coke works generally as ammonium sulphate or concentrated 
ammonia liquor which form the basis for the production of the other ammonium 
compounds. Gas works in the United States generally sell the gas liquor in its 
crude state. 

Ammonium Sulphate-—Ammonium sulphate is a white salt produced by pass- 
ing ammonia vapors through sulphuric acid. The commercial article contains 
between 24 and 25% of ammonia (NH,), or from 19°8 to 20°6% nitrogen; its 
purity depends chiefly on the purity of the sulphuric acid used. 

The coke-oven sulphate is very pure and is generally sold on a guarantee of 
25% of ammonia (NH,). It is very hygroscopic and consequently has to be stored 
in dry places. It is usually shipped in bags of 200 lb., and in the manufacture 
care must be taken that there is no excess of free acid in the salt which would 
quickly destroy the bags. It is used chiefly as a fertilizer and as raw material 
for other ammonia products. The presence of small amounts of impurities (iron 
and cyanides, metallic sulphides, etc.) often causes more or less discoloration of 
the otherwise white or grayish salt. This is the cause of (unfounded) objection 
by the manufacturer of chemicals, while the color makes no difference to the manu- 
facturer of fertilizers. In case the sulphate is to be used for the manufacture of 
anhydrous ammonia it should contain as little of pyridine and other tarry impuri- 
ties as possible. Formerly ammonium sulphate was often made by neutralizing 
the gas liquor with sulphuric acid and evaporating the weak sulphate solution. 
This salt was very impure and contained more or less ammonium sulphocyanide, 
which is very objectionable in case the sulphate is used as a fertilizer, because it 
is poisonous to plants. With the manufacture of ammonium sulphate as now 
practiced, viz., by distillation of the crude liquor, the presence of this substance is 
completely avoided. 

Concentrated Ammonia Liquor.—Concentrated ammonia liquor is produced by 
condensing the mixture of steam, ammonia and gases which are leaving the am- 
monia still. It is chiefly a solution of ammonium carbonate and ammonium 
sulphide and is generally guaranteed to contain a minimum of 15% of ammonia, 
but the percentage of ammonia varies between 15 and 20%. It is shipped in tank 
cars and is used chiefly in the manufacture of soda from salt (brine) by the am- 
monia process. It‘is also used as a raw material for the manufacture of other 
ammonia products and its use for this purpose may increase considerably, because 

-it can be bought cheaper than sulphate on account of the saving of the expense 
for sulphuric acid. For many years there has been a great scarcity of ammonia 
in this country, which accounts for the slow development of the manufacture of 
soda, but with the increasing ammonia supply this industry has rapidly developed. 


2 Toe Mineraw Inpustry, Vol. VII., “Ammonia and Ammonium Sulphate,” by Mr. H. A. Frasch; Dr. G. 
Lunge und Dr. H. Koehler, Die Industrie des Steinkohlentheers und Ammoniaks, Fourth Edition, 1900, which 
has been translated into English; Dr. G. Lunge, Coal Tar and Ammonia, Third Edition, 1900; Dr. B. Arnold, 
Ammoniak und Ammoniakpraeparate, 1889, translated into English, Ammonia and Ammonium Compounds; 
A. Fehrmann, Ammoniakwasser, 1887; Camille Vincent, Ammonia and its Compounds, 1901; Weill-Goetz et 
Desor, Eaux Ammoniacales, 1889; P. Truchot, L’ Ammoniaque (without date). 
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In this connection the following list? of soda manufacturers, which does not in- 
clude those making this product electrolytically, may be of interest :— 


SODA WORKS IN THE UNITED STATES USING THE AMMONIA PROCESS. 


Capacity in Extensions in 
Course of Erection. 


(1) Solvay Process Co., Syracuse, N. Y...!........... 


Ce i ii re id 


(2) Solvay Process Co., Delray, Mich ..>............. 250 
(8) Michigan Alkali Co., WYAaNdOtte Mich iia sa ose ee a ON) Ge te algae Saeiiee Gun Sea eee \ 
(4) Mathieson Alkali Works, Maloville Vier sie st sevens ead teak OE swine MR Ne ae rane ier Satyr 
(5). Columbia. Chemical Cox, Barberton, Oxccs.nascea be oo COO (te Meee wes ooe ca one 
(6): Wrasch*Process:SodaCo:, Cleveland) Oise ccossac [ee oe BO nr Pe ee ee A 
Se. 250 SSH 
1,780 
Motel esse tiie heise Neda A Ea: Loon 8s 


Lunge* states that the loss in the manufacture of 100 tons of soda ash is about 
one ton of ammonia expressed as sulphate. Consequently the manufacture of 
2,000 tons of soda ash per day would consume daily the equivalent of 20 tons 
of ammonium sulphate. We may estimate, therefore, the annual requirements 
of this country in the soda industry as equivalent to about 6, we short tons of 
sulphate. — 

Caustic Ammonia or Aqua Ammonia.—This is produced by redistilling the 
concentrated gas liquor and removing all the impurities (carbonic acid, hydrogen 
sulphide, tarry constituents, etc.). It is therefore a concentrated solution of pure 
ammonia. It contains from 20 to 35% of ammonia (NH,). Formerly it 
was extensively used for refrigerating purposes, but it has recently been replaced 
to a great extent by liquefied anhydrous ammonia. It is now used in the 
textile industries for dyeing, for domestic purposes, for electroplating, for chem- 
ical purposes, in laboratories, etc. The price varies according to strength and 
purity. No statistics are available of the quantity of ammonia consumed in this 
form. It is generally shipped in iron drums of about 1,000 Ib. capacity. 

Considerable quantities of caustic ammonia are used in the manufacture of 
potassium cyanide by means of recent processes,’ one of which has been introduced 
into this country, and a very considerable amount of ammonia is consumed. In 
Germany anhydrous ammonia is used instead of caustic, which is preferable for 
many reasons, but the present price of anhydrous ammonia makes its use for 
this purpose in the United States too costly. 

Aqua ammonia often contains up to 2°5 g. pyridine per liter, which be- 
comes troublesome in making anhydrous ammonia from it.: Its determination is 
described by J. D. Pennock and D. A. Morton.® 

Anhydrous Ammonia.—Ammonia gas is produced commercially, either by the 
distillation of concentrated ammionia liquor, in which case lime and copperas are 
added in order to retain the carbonic acid and hydrogen sulphide and subsequent 
cooling, purifying and drying of the ammonia gas, or by the decomposition of 
ammonium sulphate with caustic lime under heat :— 


CUE) BD CaO Ua 02H 


$3 Chemical Trade Journal, Jan. 18, 1902. 

4 Manufacture of Sulphuric Acid and Alkali, Vol. III., p. 121. 
§ Journal of Franklin Institute, 1902, p. 72. 

8 Journal of the American Chemical Society, 1901, p. 385. 
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The ammonia gas is carefully freed of moisture and all impurities and is then 
liquefied by compression. It is generally shipped in iron flasks holding about 
100 lb. each. It has been found that anhydrous ammonia manufactured from 
coke oven sulphate contains but very little of the undesirable pyridine bases. 
The present price of anhydrous ammonia is about 25c. per lb. f. o. b. ammonia 
works. According to United States Census Bulletin No. 174, p. 9, the price dur- 
ing 1900 varied from 22 to 40c. per lb. (on an average, 26°4c.), according to the 
distance from the source of supply. It is chiefly used for. refrigerating purposes 
and in the manufacture of artificial ice. 

Refrigeration and Ice Manufacture in the United States.—Artificial refrigera- 
tion has developed in the United States to an astonishing degree, so that this in- 
dustry has become the outlet for large quantities of ammonia. A number of 
processes have been invented which were based upon the use of materials other 
than ammonia, 1.e., sulphurous acid, ether, etc., but they have been unable to com- 
pete with the ammonia process, which is operated either by the compression 
system, using anhydrous ammonia, or the absorption system, using aqua ammonia. 

Artificial refrigeration is used for the manufacture of ice and for the produc- 
tion of cold in breweries, meat and provision packing houses, chemical factories, 
etc. 

The combined capacity of all refrigerating and ice-making machinery in the 
United States is estimated at 200,000 tons of refrigeration per day. This estimate 
has been based upon the numbers and size of the machines built by the various 
manufacturers. 

The loss of ammonia varies considerably, but we may assume as an average 
figure 20 lb. ammonia (NH,) per annum for each ton of daily refrigerating 
capacity (40 lb. per ton ice-making capacity). On this basis the present annual 
requirements are equal to 2,000 short tons of ammonia (or 8,000 short tons am- 
monium sulphate). 

The United States Census Bulletin No. 174 gives interesting statistics compiled 
by A. L. Hunt on the manufacture of artificial ice, which constitutes only a part 
of the refrigerating capacity of the United States. Nevertheless they may well 
be taken as an index of the growth of the refrigerating industry :-— 


NUMBER OF ACTIVE ICE PLANTS IN THE UNITED STATES. (a) 


New England States 
Middle States 
Southern States 
Central States 
Western States 
Pacific States 


Total in United States 4 85 222 787 
Capital invested $434,000 | $1,251,200 | $9,846,468 | $38,204,054 


(a) United States Census statistics. 


This development is especially noteworthy in that the progress in the Northern 
States indicates that artificial ice is now successful in its competition with 
natural ice. : 

The amount of ammonia consumed is given at 1,056,535 lb. anhydrous (costing 
on an average 26'4c. per Ib.) and 1,323,454 Ib. aqua (costing on an average 6c. 


MANUFACTURE OF COKE IN THE UNITED STATES. 161 


per lb.). Taking the latter at 20% ammonia (NH,) we would find that the total 
ammonia consumption has been equivalent to 660 short tons anhydrous (or 2,640 
short tons ammonium sulphate) in the manufacture of ice alone, The ice produc- 
tion during 1900 was 4,294,439 short tons. Calculating from these figures the 
annual ammonia consumption for each ton of ice-making capacity per day is 
112 lb., which figure is considerably higher than that found above in the com- 
putation of the refrigerating ammonia consumption in the United States. It 
must be borne in mind, however, that these ice plants comprise the majority of 
the smaller and less economical works. 

Other Ammonium Compounds.—The following ammonium compounds are of 
commercial importance: Ammonium chloride (muriate of ammonia), ammonium 
carbonate, ammonium nitrate, ammonium picrate, ammonium sulphocyanide 
(rhodanate of ammonia), and ammonium phosphate. Also, but of minor impor- 
tance, ammonium chromate, ammonium acetate and ammonium oxalate. 

Sources of Ammonia Supply.—The domestic ammonia production of the 
United States until recently has been derived almost entirely from coal gas works, 
but this supply is becoming entirely inadequate. In recent years by-product 
coke ovens have been adopted and there are fair prospects of their rapid intro- 
duction. This is the only source of domestic ammonia supply which promises 
a considerable increase. 

In England ammonia has also been recovered from the Mond gas producers, 
from the shale-oil industry, and from certain blast furnaces operating on 
bituminous coals. Small quantities are also obtained in abattoirs and bone 
charcoal factories. No great increase may be expected from these sources. .The 
largest part of the world’s production of ammonium sulphate is used as a fer- 
tilzer, a field in which enormous quantities of sodium nitrate are consumed. 
The addition of the statistical data for the latter may therefore prove of interest. 

The following table shows the world’s production of ammonium sulphate and 
exports of sodium nitrate from Chile, the latter being practically identical with 


WORLD’S PRODUCTION OF AMMONIUM SULPHATE AND SODIUM NITRATE. (a) 
(IN METRIC TONS.) 


1898, 1899, 1900. 1901. 
Ammonium sulphate: 2 
Gta GAIT oe easier eit rasa atareiataveicccToler chore ialesr interacts aaa ae taae 196,500 | 208,000 } 210,000 220,000 
GRETA ios8 505s siahe seh era otat craver's aslo aie nieie Siaiei ares allgbodoisis is iaie eos lOle tae Rie iarcle Tien Rinne 100,000 110,000 120,000 180,000 
Wile GSta lens cieiicesi ars cciseisciatee sielon ctor dietelerei sia aie oho Om een Unrate area seater aioe 49,000 52,000 58,000 60,000 
ETances cn since wigia eves shatesocsrisis Sais aio: & enue sie eieastMiebaral dine acai gtearcclete Gals e 35,000 36,000 37,000 38,000 
Belgium, Holland, Sweden, Norway and Denmark Ar 80,000 32,000 33,000 35,000 
Austria, Russia, Spain, and other Huropean countries........... ae 30,000 80,000 35,000 40,000 
Motal- production ese css sine oe ealeeeis ea ene ew Toke ee 440,500 | 468,000 | 493,000 523,000 
Sodium nitrate: 
Hx portssirome CHU cies we hes bc ag he hae Cos Sa eee eae eee 1,265,000 | 1,370,000 | 1,480,000 | 1,270,000 
Nitrogen equivalent in metric tons of world’s sulphate production.. 87,220 92,600 97,610 103.550 
Nitrogen equivalent, in metric tons, of Chile’s nitrate exports....... 197,970 214,400 223,800 198,760 
IDO Gas sitio gotharel siove's eisie-cisietsinel slg sine Sauk tea stele cls uote aston aiarsiavers thers 285,190 | 307,060 321,410 302,310 
Percentage: of sulphate tise ceps can timieite avec uh sh nace eae De 30° 6% 30°2% 30°3% 34°3% 
Price of 2,000 lb. nitrogen at Liverpool, in— 
SLU genes (COON) 1) BA aGaccaonbic: anduniGganuneccndoandon se comune soa $208°80 | $248°20 | $244°-15 | $232-50 
Nitrate: (i259: MDs) isc 5 = '<ivssc sary spore sraola y otsiolers slater mtemen tae cee a earue 191°05 222°10 235°50 249°40 


Bas SaaS REM eA eRe oy Auras eR NPIS eae ED Mss Sire PE anaLe aMie eos Phen Rie DERE Be MMW Le Ira eRe a TTee S| PaOny Ninn? Ear 
(a) Zeitschrift fuer Angewandte Chemie, April 23, 1901: L’Hngrais, Jan. 24, 1902; Annual Report of the Ger- 


man Sulphate Syndicate for 1901. 
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the world’s production. This table shows (1) that the nitrogen equivalent of 
the sulphate production is only about one-half that of sodium nitrate. (2) That 
the production of sulphate has been constantly increasing even during the period 
when the price of its nitrogen equivalent was higher than that of nitrate. The 
progress will doubtless be continued. 

Production and Consumption of Ammonia and Nitrate in the United King- 
dom.—By reference to tables elsewhere in this volume it will be seen that the 
United Kingdom is the only exporting country; all others obtaining their de- 
ficiencies from Great Britain. This is for two reasons, viz.: (1) The consump- 
tion of gas per capita is larger than in any other country and almost all the gas 
is coal gas, which accounts for the large production of sulphate, and (2) the 
English farmer is slow in recognizing the value of ammonium sulphate as a fer- 
tilizer. 

In both instances, however, there are movements on foot which tend to reduce 
the available surplus. Water gas is making rapid advances’ and the domestic con- 
sumption of ammonium sulphate is also increasing, due to the energetic propa- 
ganda of the British Agricultural Stations and the Sulphate of Ammonia Pro- 
ducers’ Association. 


STATISTICS OF AMMONIUM SULPHATE PRODUCTION AND CONSUMPTION OF THE 
UNITED KINGDOM FROM 1895 To 1901, INCLUSIVE. (a) (LONG TONS.) 


1895. 1896. 1897. 1898. 1898. 1900. | 


From gas plants 119,600 127,000 158,000 130,000 136,090 138,000 148,500 
From blast furnace 14,600 16,500 18,000 17,700 18,000 18,000 16,000 
From shale works 88,300 38,000 87,000 37,300 38,500 89,000 36,500 
From coke ovens, producers, etc 7,000 9,000 10,000 11,500 15,000 15,000 19,000. 


Total production 179,500 190,500 498,000 196,500 207,500 210,000 220,000 


Consumption of United Kingdom 67,800 65,000 45,000 59,600 67,600 64,700 69,800 


(a) Zeitschrift fuer Angewandte Chemie, April 23, 1901, and Bradbury & Hirsch’s Review for 1901, p. 23. 


The statistics of sodium nitrate importations show that the consumption of 
the United Kingdom is slightly increasing, being 121,000, 126,000, and 126,000 
long tons for the years 1899, 1900 and 1901, respectively. 

Production and Consumption of Ammonium Sulphate and Sodium Nitrate in 
Germany.—Germany absorbs nearly 40% of the sodium nitrate exported from 
Chile, and in addition to this about 44,407 gross tons of ammonium sulphate were 
imported from England in 1901. There are now about 5,750 by-product ovens 
in operation, which yield 115,000 metric tons of ammonium sulphate per annum. 
The consumption of ammonium sulphate in Germany has increased from about 
80,000 metric tons in 1893 to about 175,000 metric tons in 1901, an increase of 
about 120%. This increased consumption of sulphate has not by any means re- 
duced the importation of nitrate; which increased from 371,000 metric tons in 
1893, to 530,000 tons in 1901, or over 40%. The explanation of the increased 
demand for nitrogen in excess of the home production is that the thorough edu- 
cational campaign by Agricultural Institutions has awakened an appreciation of 
proper fertilization. Prof. Konig estimates that of the 484,543 metric tons of 
sodium nitrate imported in 1900, nearly 75% was used for fertilizing purposes. 
—— ron and Coal Trades Review, March 14,1902, p.68. 
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The present nitrogen consumption for fertilizing purposes in Germany (exclusive 
of animal and vegetable refuse), is 350,000 metric tons sodium nitrate, 15°5%= 
53,250 metric tons nitrogen, and 100,000 metric tons ammonium sulphate 
20:0% =20,000 metric tons nitrogen, making a total of 73,250 metric tons of 
nitrogen.® 

If all the German coke plants were equipped for the saving of by-products 
and all the ammonia were saved by the gas works, the following maximum am- 
monium sulphate production could be obtained at the present time :— 

Coke Works.—Present production about 11,500,000 metric tons coke, which 
could yield annually, on the assumption of 75% coke and 1:15% sulphate results, 
165,000 metric tons ammonium: sulphate. 

Gas Works.—Present production about 20,000 metric tons sulphate, which 
could be increased to 35,000 metric tons ammonium sulphate. 

The maximum production could therefore not exceed 200,000 metric tons 
ammonium sulphate. 

It is estimated that 40,000 metric tons of ammonium sulphate are required 
for miscellaneous purposes, which leaves 160,000 metric tons ammonium sulphate 
available for fertilizing purposes. The nitrogen equivalent of this last named 
quantity of ammonium sulphate is only 32,000 metric tons. 

In other words, all the ammonia which could possibly be saved in the present 
state of the coke and gas industries would represent only 44% of Germany’s 
present consumption of nitrogen in the form of sodium nitrate and ammonium 
sulphate for fertilizing purposes, and the wisdom of the German Government 
in acquiring sodium nitrate mines thus becomes evident.® 

Production and Consumption of Ammonium Sulphate and Sodium Nitrate 
in the United States.—There are no exact figures obtainable, therefore only ap- 
proximate estimates can be given. These however show the limited demand that 
exists here, especially when compared with Germany. 


ESTIMATE OF AMMONIA SUPPLY AND CONSUMPTION OF THE UNITED STATES 
FoR 1901. 


i Ammonium Ammonium 
Supply. Sulphate Consumption. Sulphate 
Equivalent. : Equivalent. 
Domestic production: Short Tons. | Short Tons. 
Gas works (crude and concentrated | Soda works (concentrated liquor)..... 6,000 
MQUWOR) gc iaccdc hs cei ee oe ein nee 12,000 ||Refrigeration and ice manufactories 
Coke works (concentrated liquor and| || (anhydrous and aqua ammonia)..... 8,000 
SUIDHALE)T redccn nee cuie ee temak cir 14,150 ||Ammonium sulphate, fertilizers...... 16,000 
Abattoirs, bone-carbonizing plants..... 2,000 ||Ammonium chloride...............008. 5,000 
| ——|/|Ammonium carbonate, nitrate and 
Total productions: 3.3 cucu. ueeecness 28,150 DIGRALOS its Sete tau ies cists dota ce alesis 1,500 
Aqua ammonia for electroplating, 
Imports for year ending June 30, 1901: || miscellaneous, chemical and domes- 
Ammonium sulphate.............0.0.05 14,486 ||. tic purposes, balance.............68: 9,193 
Ammonium chloride (muriate), (4,772,- 
SOG ID isi .aiic wants pexeoes Hemera ae 2,959 
Ammonium carbonate (181,701 Ib.)..... 98 
Potalsimportsuchisscesseerees nee ak 17,513 ——— 
— 45,693 
45,693 * 


The following table of the production of ammonium sulphate in by-product 


§ Prof. P. Wagner estimates Germany’s entire nitrogen consumption for fertilizing purposes at 100,000 
metric tons, which undoubtedly includes the organic fertilizers. 


* Zeitschrift fuer Angewandte Chemie, March 18, 1902, and Engineering and Mining Journal, March 22, 
1902. 
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coke ovens has been given in L’Hngrais, 1901, which shows a variation in the 
figures for the United States from the preceding table, which is due probably 
to the assumption that the new coke ovens were in operation during 1901. Most 
of them, however, will not be completed until late in 1902 or early in 1903. 


PRODUCTION OF AMMONIUM SULPHATE IN BY-PRODUCT COKE OVENS IN 1901. 


United Kingdom 19,000 metric tons. 
Germany 90,000 metric tons. 
France .. 7,000 metric tons. 
Belgium 8,000 metric tons. 
Other European countries 10,000 metric tons. 
United States 25,000 metric tons. 


Ammonia from Gas Works in the United States—The production of ammonia 
in gas works in the United States (equivalent to about 12,000 tons of ammonium 
sulphate per year) is increasing but very slightly owing to the extensive intro- 
duction of the water gas process, in which no ammonia is saved. Coal-gas works 
only are producing it, and practically all the larger works in this country are now 
equipped with ammonia stills. 

The total amount of coal carbonized by gas works in the United States during 
1901 is estimated at 2,100,000 short tons. In the large works with good practice, 
ammonia equivalent to 1°0% of sulphate is recovered, but in works of moderate 
size not more than from 0°6 to 0°8% sulphate equivalent is obtained. If an 
average yield of 0°8% be assumed, the possible maximum quantity of recoverable 
ammonia for 1901 would amount to 16,800 short tons sulphate equivalent. There 
were recovered 12,000 short tons during 1901, which leaves a waste of 4,800 
short tons. 

From these estimates it may be assumed that no increase in the manufacture 
of ammonia by gas works may be expected to an extent which could seriously in- 
fluence the ammonia market. 

Ammonium Sulphate from Coke Works in the United States.—The annual 

capacity of all the ovens now building and in operation may be estimated at 
50,000 short tons of ammonium sulphate per year. 

Ammonium Sulphate from Abattoirs and Bone Carbonizing Works in ne 
United States.—A limited amount of second grade ammonium sulphate having 
about 19% nitrogen is produced in these works. Its price is from $2°50 to $3 
less than gas liquor ammonium sulphate. The use of bone charcoal in sugar 
refineries is decreasing and no increase in the ammonia supply from these sources 
need be expected. 

Imports of Ammonium Salts.—Since the introduction of by-product coke ovens 
the ammonium sulphate production has been nearly doubled. In the face of this 
the price has risen, and the imports, which were 16,822,090 lb. in 1890, were 
28,971,761 lb. in 1901, an increase of 72%. This is due to its growing demand 
for refrigerating and fertilizing purposes, and the inadequacy of the domestic 
supply. The imports of ammonium chloride (muriate) and ammonium carbonate 
have been constantly decreasing as the domestic production can now supply the 
increase in demand. The imports of gas liquors, which were mostly from Canada, 
have ceased entirely. The tariff schedule has been responsible for some of the 
fluctuation in imports. 
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RATES OF DUTY ON AMMONIUM SALTS IMPORTS INTO THE UNITED STATES. 


McKinley Tariff. Wilson Tariff. Dingley Tariff. 
1890. 1894. 1897. 


AmmMonivinT SUlPHAte. 2 ie% ccs sees eos sicies « 0°5c. per lb. 20% ad valorem. 0°8c. per Ib. 
Ammonium chloride (muriate)...........-+- 0°%5c. per lb, 10% ad valorem. 0:75c. per lb. 
AMMONIUM CArbONate .....ccsceccccsceeeers 1°%5c. per lb. 20% ad valorem. 1‘5e. per lb. 


Prospects of Ammonia Supply—From the foregoing it is plain that there 
is no prospect of any important increase in the ammonia from gas works and 
abattoirs, the only chance of increase in domestic supply being from by-product 
coke ovens. The extent to which this may be relied on may be estimated from 
the total quantity of coke produced in 1901, viz., 20,533,348 short tons. If this 
were coked in by-product ovens about 27,500,000 short tons of coal would be 
required, which on an average yield of 1% would mean only 275,000 short 
tons of ammonium sulphate. To this may be added 25,000 tons from the gas 
works, making a total of 300,000 tons of ammonium sulphate, or 60,000 tons 
available nitrogen per year. Germany alone, with but two-thirds the population 
and smaller agricultural interests, uses 80,000 tons of nitrogen in the form of 
ammonium sulphate and sodium nitrate for fertilization, a quantity which ex- 
ceeds by 20,000 tons the present possible capacity of the United States. 

Ammonium Sulphate as a Fertilizer—Plants remove from the soil certain 
elements which they assimilate and which are necessary for their growth. By 
continued removal of crops certain of these elements are exhausted, and unless 
they are replaced the richest soil will in time become exhausted. The three 
elements that are indispensable to plant growth, and without which even under 
favorable conditions and cultivation no satisfactory crop can be obtained are 
nitrogen, potassium and phosphorus. All commercial fertilizers derive their value 
from the proportion of these substances contained in available form. Nitrogen 
is by far the most important and the most expensive. The value of ammonium 
sulphate as a source of nitrogen is admitted, and the increased crop returns, after 
the cost of the fertilizer has been deducted, is a matter which has been con- 
clusively demonstrated. In order to encourage agricultural progress in general 
and with this the proper use of fertilizers the United States Government has 
established agricultural experiment stations throughout the country, particularly 
in the East and South, where the land has already shown signs of depletion. 
The outcome of this intelligent propaganda will inevitably increase the demand 
for ammonium sulphate enormously. For a detailed discussion of the fertilizing 
action of ammonium sulphate recourse must be had to the literature of the subject. 

Other By-Products.—There are, outside of tar and ammonia, other by-products 
saved in the coking operation (benzole and its homologues, cyanides, sulphur, 
ete.). 

The points brought out in the preceding discussion may be briefly summarized 
as follows :— 

1. The by-product coke oven industry is firmly established in the United 
States. A great number of ovens are now in operation and in course of con- 
struction, representing many millions of dollars of investment. 

2. The coke has proved at least equal to the best bee-hive coke. 
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3. New coal fields have been opened for the manufacture of metallurgical 
fuel by means of the by-product coke oven. 

4. Several plants have been erected by The United Coke & Gas Co. and 
others, which demonstrate on an extensive scale the feasibility of manufacturing 
a smokeless fuel for domestic purposes, etc., simultaneously with large quantities 
of an illuminating gas of high candle-power. These results open a large field 
for the erection of coke plants outside of the manufacture of metallurgical coke. 

5. The production of tar and ammonia in the United States is very small and 
the consumption per capita falls far behind that of other countries, so that we 
may expect a ready disposal at remunerative prices of all by-products which 
can be saved. Since the introduction of by-product coke ovens the prices of tar 
and ammonia have increased instead of decreasing and the importations of 
ammonia have also increased. 

6. The present tar production of the United States is disposed of mostly for 
industries which are less extensively developed in European, countries (roofing 
paper and paving pitch). On the other hand, the tar consuming industries of 
Europe are hardly known in this country (briquette manufacture, chemical in- 
dustries, etc.). 

7. Even if all of the ammonia from coal carbonized now in the United States 
could be saved it would not be sufficient to meet the nitrogen requirements for 
fertilizing purposes. At present Germany consumes more nitrogen in the form 
of ammonium sulphate and sodium nitrate than is represented by all the am- 
monium sulphate which the United States could save. 
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PROGRESS IN Power Puants Ustine GAs PRODUCERS AND GAS ENGINES. 
By WILLIAM KENT. 


In the article “Fuel and its Economical Utilization,’ which I contributed to 
THE Mrnerau Inpustry, Vol. VILI., mention was made of the recent use of gas 
engines as blowing engines for blast furnaces in European iron works, and of the 
use in gas engines of producer gas derived from the Dawson and Wilson producers 
in England, the Lencauchez producer in France and the Taylor producer in the 
United States. One of the former limitations to the general use of gas engines 
supplied by producer gas was that the producers designed to make gas for gas 
engines were almost exclusively restricted to comparatively expensive anthracite 
coal or coke. In 1897, however, Brunner, Mond & Co., at Norwich, England, 
erected a producer which operated successfully with soft coal slack. In conclusion 
the article stated that the prospect of the displacement of the steam engine by the 
gas engine was very unpromising, and a summary of the special field of the gas 
engine was given as follows :— 

“The internal combustion engine finds its field in special locations and condi- 
tions, such as automobile carriages, small yachts and torpedo boats, small powers 
(1 to 50 H.P.) where the use of a steam boiler entails more trouble than a gaso- 
line motor and in places where water is scarce or bad. The field of the gas 
engine will be greatly increased if fuel gas can be distributed cheaply, as may 
be the case when by-product coke ovens have been generally introduced; under 
this condition the gas engine may become a serious competitor of the steam 
engines in sizes up to 500 H.P. It is doubtful, however, if a large electric lighting 
and power plant of 10,000 H.P. can ever be built to run with gas engines as 
cheaply as with steam engines, with the modern appurtenances of coal handling 
machinery, mechanical stokers, economizers and superheated steam. One horse 
power per hour from one pound of Pocahontas coal is already within the possi- 
bilities of steam engine practice, a figure very close to the best gas engine records 
from anthracite coal gas. With the fuel consumption of steam engines reduced 
to this figure the only hope for a gas engine to become a serious competitor 
is that gas from retort ovens may be sold at a price below its fuel value—the 
expense of running the coke oven being paid by the coke and the valuable chem- 
icals which are obtained from the tarry by-products and the ammoniacal liquor. 
Until this happens the steam engine will continue to be the machine for utilizing 
the greater part of the coal that is used for power purposes.” 

Shortly after the publication of [aE M1nerAu Inpustry, Vol. VIIL., the West- 
inghouse Machine Co. and the Westinghouse Electric & Manufacturing Co. 
issued a pamphlet. which gave an entirely different view of the prospects of the 
gas engine operated by producer gas. It was claimed that the three conditions 
essential to the general application of gas as a fuel for engine driving had been 
realized, namely, its generation, its distribution and its use, and that this being 
the case, the resultant development of power by gas engines would revolutionize 
the present situation ; the gas engine would supplant the steam engine as the latter 
would then be too costly to maintain; the steam boiler would be used for heat- 
ing purposes only, the steam being generated over gas furnaces; coal would be 
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supplanted by gas for cooking and heating; gas lighting in cities and towns would 
be supplanted by electric lighting from generators driven by gas engines, and 
power, street and elevated railways would also be supplied by generators driven 
by gas engines. The following is quoted from the pamphlet referred to above :— 

“The existing demand for large electric power units for operating street rail- 
ways has resulted in the installations of plants of the following general outline: 

“A large central steam power and electric generating plant, the electric gen- 
erators being of the multi-phase type for the generation of currents at high 
voltages; a high tension system of distribution to local stations, where there are 
step-down transformers, which supply alternating currents to rotary converters, 

which in turn feed direct currents to third rail or other circuits, for the operation 
of the motors on the cars. 

“Coal can be made into gas of a satisfactory quality at gas works suitably lo- 
cated. The gas can be taken by pipes to gas engines placed in the positions cor- 
responding to the sites of the rotary converters of the foregoing plan, for a 
capital expenditure below that required for an equivalent steam boiler and engine 
plant. The cost. for fuel per electrical horse-power so delivered should not ex- 
ceed 50% of the cost of the fuel for generating electricity by steam for similar 
service. At the present time projects for the electric equipment of underground, 
elevated and surface railways are everywhere discussed. The use of gas engines 
for developing the electrical energy, with suitable pipes laid for conducting the 
gas, would make the cheapest and most reliable system to construct and operate. 
It should be quite within the scope of the operations of existing gas companies 
to erect special gas works, put down special pipes, and supply gas for the operation 
of large unit gas engines in connection with such lines. The gas companies could 
avail themselves of the most recent processes for the generation of gas, many of 
which are well developed and understood.” 

On January 9, 1900, Mr. Westinghouse wrote a letter to the New York Times 
advocating the combination of the electric light and power companies in New York 
City, viz.: the Metropolitan, Third Avenue, and Manhattan Elevated Railways, 
the New York Gas and Electric Light, Heat & Power Co., and the United Electric 
& Power Co., with a view to unite in a common plan to provide the electricity 
needed in their operations. Mr. Westinghouse also mentioned the possibility of 
manufacturing fuel gas from garbage and soft coal which could be utilized to drive 
gas engines with electric generators, in this way excluding thousands of steam en- 
gines and boilers, which make a very considerable demand upon the water supply 
of the city. The gas engine control stations could be so located that the water 
needed for engine-cooling purposes would be derived from the river. 

The above-mentioned pamphlet of the Westinghouse Co. and the letter were 
widely quoted in technical journals at the time, yet after. the lapse of two years 
the huge electrical enterprises quoted by Mr. Westinghouse have installed steam 
boilers and engines, and in addition the New York Rapid Transit Underground 
Railway and the Underground Railways of London have contracted for a steam 
equipment. The Westinghouse Machine Co. has greatly enlarged its plant for the 
building of large steam engines and has further shown confidence in the future 
of steam by going to considerable expense in preparing to build the Westinghouse- 
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Parsons steam turbine. The company, however, has continued the development 
of the gas engine, and in April, 1902, it erected its first 1,000-H.P. gas engine 
for test in the same building in which it is constructing several 10,000-H.P. 
steam engines. 

Taking up the discussion of the points set forth in the pamphlet of the 
Westinghouse Co., while it is true that the generation, distribution and use are the 
three conditions essential to the general application of the producer gas for gas 
engines, but little progress has been made along this line. The producer has 
been introduced to a limited extent but is still an expensive apparatus, costly 
to maintain and to operate. The distribution of gas in pipes is successfully 
accomplished in the transport of natural gas which has a heating value 
of 1,000 B.T.U. per cu. ft., and of illuminating gas, heating value of 640 B.T.U. 
per cu. ft., but it is an entirely different matter to distribute producer gas of only 
125 B.T.U. per cu. ft., which to transport to a great distance would involve a 
high cost for piping. 

As a thermo-dynamic machine the gas engine is far superior to the steam 
engine, as it turns from 50 to 100% more of the heat energy developed in its 
cylinders into mechanical work. To offset this advantage the gas engine is more 
bulky and costly than a steam engine of equal power and is more expensive to 
maintain. No gas engines larger than 1,000 H.P. have as yet been built in this 
country, while steam engines of 10,000 H.P. are becoming quite common. Fur- 
thermore the steam engine is being rapidly improved by the use of high pressure, 
high speed, poppet valves and superheated steam. Steam turbines of the de Laval 
and Parsons types are rapidly being introduced, both in the United States and 
abroad. A large contract for steam turbines has been given by the underground 
railways of London, but no large contracts for gas engines have been placed up 
te the present time. 

The Otto Gas Engine Works? state that there is nothing new in gas engine 
practice worthy of special mention. This company has made no radical changes 
for some time, but has confined its attention to the perfection of minor details 
to bring the grade of the engine up to a high standard. As an example of the 
use of the Taylor anthracite gas producer with its engine is quoted the installation 
at the Erie railroad shops in Jersey City, N. J. 

Westinghouse, Church, Kerr & Co.’ state that while a number of their gas 
engines are successfully operating on producer gas, detailed efficiency tests have 
not been made. The general results obtained, however, indicate that the per- 
formance is very satisfactory and corresponds to a consumption at full load of 
not more than 1:25 lb. coal per brake H.P. per hour. The gas engine of this 
company develops a brake H.P. with from 10,000 to 12,000 B.T.U. per hour, and 
the producer builders generally guarantee to evolve from 75 to 80 cu. ft. of gas 
per lb. of coal, the gas having a calorific value of not less than 125 B.T.U. 

R. D. Wood & Co., of Philadelphia,*® builders of the Taylor gas producer, state 
that the economy of the gas engine and producer plant at the Erie railroad in 
Jersey City has been very satisfactory, although no test figures have as yet been 


1 Private communication, Jan. 18, 1902. 2 Private communication, Jan. 28, 1902. 
3 Private communication, Jan. 21, 1902. 
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published. If the efficiency of the boiler be assumed to equal that of a producer 
(which as a rule is unfair to the producer) the thermal efficiency of the 
gas engine will be superior to the steam engine. Most engine builders guar- 
antee 1:25 lb. coal per brake H.P. per hour, and one builder gives as low as 
1 lb. coal per brake H.P. per hour. It is perfecily safe to guarantee 1:25 Ib. 
coal per brake H.P. per hour, and the Westinghouse engine has made it on 
1-17 Ib. coal, including the steam for the producer. It is a question whether the 
steam engine can compare with this except under test conditions. While the gas 
engines and producer plants may exceed the cost of an equivalent steam plant, 
the economy of the former will readily offset the excess cost of 25% per year. 
The labor involved in running a gas plant will certainly not exceed that of an 
equivalent steam plant, and may be 759% of it or less. The repairs to a steam 
plant are not excessive, but it is reported that the equipment of the Erie railroad 
plant has inyolved a repair cost of less than $100 for nearly three years. Inferior 
fuel may be used in the producer, but with good stoking there is less in this 
advantage than formerly except for special fuels. 


PROGRESS IN CONSTRUCTION AND OPERATION oF GAs PRODUCERS. 


The Loomis-Pettibone Gas Producer—The Loomis-Pettibone Co., of New 
York, has made considerable progress in the introduction of a producer which 
makes gas from soft coal or wood. In construction it is of the double type, 
making alternately producer gas and water gas. These gases may be mixed in 
a gasometer for future use in gas engines. The following description and illus- 
tration are of a modern producer of this type. Figs. 1 and 2 showing the cross- 
section and plan of the Loomis-Pettibone gas producer and boiler, the two genera- 
tors A and B, the vertical boiler C, the water-cooled valves D and H, the producer- 
valve F’, the water-gas valve G. The generator is cylindrical in form and is con- 
structed of iron and steel, the general dimensions being from 3 to 11 ft. in di- 
ameter and from 12 to 18 ft. in height. The lining is of fire brick, with fire brick 
arched grates, ash pit and boiler flue in the bottom. There is a door on top for 
charging and for the admission of air, also two cleaning doors above the grate and 
one below the grate, opening into the ash pit. In starting fires in the generators a 
layer of coke or coal about 5 ft. in depth is put in and ignited at the top, the ex- 
hauster creating a downward draft. When the body of fuel is ignited, coal is fre- 
quently charged, raising the fuel-bed to about 8 ft. above the grates, at which 
height it is maintained. Bituminous coal is generally used, being charged at in- 
tervals as needed, through the feed-door in the top of the generator. Air also is 
admitted through the same doors and is drawn down through the fresh charge of 
coal and then through the hot fuel-bed beneath by the exhauster. The resultant 
producer or generator gas is drawn down through the grates and ash pits of gener- 
ators A and B, valves D and LH, up through the vertical boiler C, valve F to scrub- 
ber and exhauster (valve G being closed), and is delivered into a small gas holder 
for supply to the furnaces. When the exhauster has brought the fuel up to incan- 
descence the charging doors H and J are closed, valve # lowered, valve 7 closed, 
and valve G, leading to the water-gas holder, opened. Steam is then turned on 
into the ash-pit of generator B, and, in passing through the incandescent coal, is 
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decomposed, forming water gas. From generator B the gas passes through the 
connecting-pipe shown near the top of the generators, and down through the 
generator A. The gas passes through valve D into and up through the boiler C, 
and thence, after being washed in the scrubber, is conducted into a holder. . Water 
gas is made for five minutes, when, the temperature of the fuel-bed having been 
considerably reduced, the steam is shut off, valve G closed, valves F and E opened, 
and the charging doors H and J opened. This process of making water and 
producer gas is alternated at intervals of five minutes or more, according to the 
quality of gas desired. In making the next run of water gas the course of the 
steam is reversed: 1.¢., valve D is closed and the steam is turned into the ash-pit 
of generator A. Valve £ is left open, but the other valves, F and G, and the 
charging doors, H and J, are operated the same as in the first case. The operation 
of a pair of generators of this type is exceedingly simple. A man with ordinary 
intelligence, even if he has had no previous experience in the manufacture of gas, 
would be competent with a week’s practice to take charge and run the apparatus. 
As the valves are provided with hydraulic pistons, the labor is reduced to a mini- 
mum and only a few seconds are required to change from making one kind of 
gas to another. While the fires are being blasted and during the making of a run 
of water gas, the hot gases in passing through the boiler give up a large proportion 
of their sensible heat, which is converted into steam. This, in turn, is directed 
under the fires in the generators for decomposition. Another advantage of the 
double generator apparatus is that, as all gas is made to pass through the fire, 
the tarry matter from the coal is converted into fixed gases that can be conducted 
any distance through ordinary pipe and at any temperature or pressure. 
Again, as the steam is forced through two fires, the percentage of condensable 
water vapor is exceedingly small. The gas after passing down through the 
hot fuel-bed is free from tar and may readily be conveyed through pipes to any 
distance required. 

Instead of making water gas in every alternate stage for the same length of 
time as producer gas, the generator may be worked on producer gas alone, steam 
being then admitted at various points while the exhauster is running and the 
operation of making producer gas is going on. It is, therefore, not requisite to 
alternate the action of the generators so frequently as every four or six minutes; 
but only so much water gas need be made as may be called for by the requirements 
of the work to which the process is applied. From the generating plant the pro- 
ducer gas is delivered to one holder and the water gas to another holder. From 
these holders the two gases pass to an especially designed proportional mixing 
valve, by means of which they are uniformly mixed in any proportion desired. 
From this mixing valve the mixed or power gas passes to the engines wherever 
located. The gas is fixed, clean, and free from tar and all impurities, can be. 
conveyed in pipes to any distance, and will not foul the engine. The gas is also 
well suited to a large variety of industrial work in direct fired, semi-regenerative 
and regenerative furnaces. 

The Plant of the Moctezuma Copper Co., at Nacosari, Mexico.—The plant 
of the Moctezuma Copper Co., owned by Phelps, Dodge & Co., of New York, 
was described by Mr. James Douglas at the meeting of the American Institute of 
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Mining Engineers in the City of Mexico in 1901. The special advantage of a 
gas plant in this district is on account of the absence of good fuel. The Loomis 
down current gas producer was modified so that both water gas and producer 
gas were made together ‘by introducing steam into the producer continuously, 
which yielded a continuous production of mixed gas. When the fuel became too 
highly incandescent steam was introduced. The cost of wood at Nacosari is 
$3, as compared with $25 per ton of coal, and in many cases the wood gas 
produced was of better quality than the gas from coal. Typical analyses showed : 
Wood gas, 14% CO, 20% H, 16% CO, and 47:7% N; coal gas, 20% CO, 
14% H, 82% CO, and 55% N. The power plant is described elsewhere in this 
volume under the section devoted to the review of copper mining in Mexico. 

The Plant of the Winchester Repeating Arms Co., at New Haven, Conn.—The 
Loomis-Pettibone producer in use at this plant is at present being increased to 
double its former size. There are two gas mains about the works, one to convey 
the water gas and the other the producer gas. The water gas is used for drop 
forging, welding, brazing, annealing, tempering and for smelting fires. The 
mixed gases are used for annealing brass in large muffles and rotary annealing 
furnaces, lead melting furnaces and for direct fired furnaces. The mixed gases 
are also used for power purposes with gas engines. At present three gas engines 
are in operation, one of 95 H.P., one of 80 H.P., and one of 30 H.P. size. Three 
additional 165-H.P. Westinghouse gas engines are being installed for direct con- 
nection to electric generators. The current is used for power purposes having 
direct current motors located about the works. 

The Plant of the Detroit Mining Co., at Morenci, Arizona.—trThis plant is 
similar to the one at Nacosari, and is located on the railroad between the smelter 
and concentrator. Gas is piped one mile to the smelters supplying two 200-H.P. 
three-cylinder vertical Westinghouse gas engines, each belted to a 120-K.W. 
alternating current dynamo. The dynamos operate in parallel and supply cur- 
rent to the motors and for lighting. A 60-H.P. Stockport gas engine operates the 
conveyors and briquetting machine, and a 60-H.P. Fairbanks & Morse gas engine 
runs an air compressor. The gas is piped 2,000 ft. to the concentrating mill, 
operating three 80-H.P. Otto-Crossley engines belted to a counter shaft which 
drives the two-unit mill. An addition of 800 H.P. of gas engines is being made 
to this plant. 

The Plant at Minas Teclotes y Anexas, Santa Barbara, Mexico.—A 500-H.P. 
plant with four 140-H.P. Otto gas engines is being installed at these mines, 
which are operated by the Guggenheim Exploration Co. 

From this information, furnished by the Loomis-Pettibone Co., it appears that 
the field for its producer in connection with gas engines has thus far been limited 
either to locations where coal is very expensive, as in Arizona and Mexico, or to 


places in which the gas can be conveniently used for other purposes as well as for 
gas engines, as in the case of the Winchester Repeating Arms Co., New Haven, 
Conn., where it is used for heating, welding, brazing, ete. The soft coal producer 
has not yet been introduced for running gas engines alone in any part of the 
United States where coal is moderately cheap, and there appears to be no prospect 
of its soon supplanting the steam boiler and engine in any large power plant. 
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The Mond producer seems to be making some progress in England, but only in 
connection with works for the production of chemical products from the distilla- 
tion of coal. A company has been organized with $5,000,000 capital to supply 
fuel gas to a district west of Birmingham, England, but it bases its expectation 
of profit on the market for ammonium sulphate, the gas being considered a by- 
product. The gas blowing engine, using the waste gas from blast furnaces, is 
making considerable progress in Europe but it has not yet been introduced in this 
country. 


COPPER. 


Tue production of copper during 1901 amounted to 597,443,212 Ib., against 
600,832,505 Ib. in 1900, a decrease of but 3,389,293: lb. during the year, which 
was largely due to the efforts of the Amalgamated Copper Co. to corner the 
copper market. The output of its Montana mines was restricted, and certain 
Michigan mines were induced to co-operate with it to control the American 
copper market and to maintain the price of copper at 17c. These efforts resulted 
in disaster to the Amalgamated interests, for at the close of the year the market 
fell heavily, and the allied interests were left with large stocks of copper on hand. 
The output of copper for Montana during 1901 was 229,870,415 lb., against 
254,460,713 Ib. during 1900, a decrease of 24,590,298 lb. for the year, thus 
recording a production which was less than that of 1899. Michigan reported a 
considerable increase over 1900, with 155,511,513 lb., as compared with 
144,227,340 lb. during 1900. In spite of an expected decline in the production 
of Arizona during 1901 that Territory increased its 1900 production by over 
10,000,000 Ib. Among the other States, Utah and California scored notable 
advances, while Colorado’s 1901 production was very slightly more than that of 
1900. 

According to reports of American copper refiners, the amount of copper refined 
by electrolytic methods was approximately 80% of the total of 1901. The pro- 
duction of copper sulphate was 78,004,257 lb., compared with 78,218,478 Ib. in 
1900, while the average price for 1901 was 4:1c. per lb., as compared with 4°99c. 
for the previous year. Of the total production of copper sulphate in 1901 the 
amount recovered as a by-product was 51,000,000 pounds. 

The stock of copper on hand at the end of 1901 was 209,587, 698 Ib., as against 
93,050,230 lb. at the end of 1900. 

The imports of copper during 1901, as reported by the smelting and refining 
companies and the United States Treasury Department were 176,472,369 Ib., 
against 103,805,793 lb. in 1900, while the exports amounted to 227,194,184 Ib., as 
against 352,731,143 lb. in 1900, showing a considerable decline. Foreign pur- 
chasers of copper adopted a hand to mouth policy, with a result that exports de- 
clined, and toward the close of the year the price of Lake copper fell so rapidly 
that the average for the year was but 16°55c. per lb., while the average for the first 
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nine months was 16°7%c., against an average for 1900 of 16°52c¢. for Lake copper, 
aa 16°11c. for electrolytic. 


COPPER PRODUCTION IN THE UNITED STATES. (LB. OF FINE COPPER.) 


1898. 1899. 1900. 1901. 


States. oo 2 nas ges Ss paeeilas 


Long Long Long 
a Say e 4 D.- 5 
Pounds. ; | Pounds. | Tons. Pounds. Tons. | Pounds. Tons. 


Sao a 


| 
Arizona 110,823,864) 49,475} 125,877,758) 55,972) 115,403,846) 51,520) 126,183,744) 56,332 
California. 21,543,229) 9,618} 23,915,486) 10,677| 29,639,987); 13,282) 33,667,456} 15,030 
Colorado 10,870,869} 4,853] 10,614,252 4,739) 7,826,949] 3,494) 7,872,529) 3,515 
Michigan 156,669,098) 69,951) 155,845,786) 69,574) 144,227,340) 64,387) 155,511,513 69,425 
Montana... 216,979,334 96,866] 237,953,951) 106,229) 254,460,713) 113,599) 229,870,415} 102,621 
5,385,246 2,404 9,310,344 56) 18,504,726 8,261} 20,116,979 8,981 
Eastern and Southern States....| 4,478,218 1,999} 3,804,617 io 6,918,122 3,088] 6,860,039 3,063 
All others : 2,134,999) 953} 4,989,000 1227| 12,586,850 5,597! 17,860,537 7,750 
Copper in sulphate (6) 7,015,875} 8,182} 9,507,897 5| 11,313,962} 5,051) 11,730,000 5,282 


Total domestic production. .} 535,900,232) 239,241) 581,319,091 | 600,832,505} 268.229} 609,173,212} 271,949 
Stock January 1 48,882,143) 21,821) 54,361,470 269) 88,722,559; 39,608) 93,050,230) 41,541 
Imports bars, ingots, old,and ores} 43,479,288) 19,410) 94,568,050 Y 8} 103,805,793] 46,842] 176,472,369] 78,782 

zt | : cf | Zi =| z 

Total supply 628,261,663| 280,474) 730,248,611} 326,004! 793,360,857| 854,179] 878,695,811) 392,275 
Deduct exports 299,765,054) €133,824) 249,923,941 111.573) 352,731,143] 157,469] 227,194,184) 101,426 
Deduct consumption 274,135,139) 122,382) 391,602,111) 174,822) 347,579,484 155,169} 440,918,929) 196,837 


Stock December 31 54,361,470) 24,269] 88,722,559 39,608) 98,050,230! 41,541| 209,587,698] 93,566 
( 


(a) This includes copper imported in low-grade Spanish and other pyrites chiefly for sulphur, and the copper 
imported from Canada in copper-nickel matte, in which the nickel is the metal of chief value; also the copper 
in certain gold and silver ores. These items did not until 1898 appear in the United States statistics of imports. 
(b) Including only the copper in sulphate obtained as a by-product in 1898. (c) Not including Mexican copper 
en route for Europe. 


Alaska.—During 1901, the Pacific Coast Copper Co., capitalized at $5,000,000, 
purchased from the Pacific Coast Mining, Milling, and Development Co., of Cali- 
fornia, 10 copper claims, of which five are on Copper Mountain and five near Sum- 
mit Lake, Prince of Wales Island. Development work was begun during the latter 
part of the year. The mines are accessible to the coast and steamship transporta- 
tion, and the ores consisting chiefly of chalcopyrite in iron ore, carry small values 
in gold and silver. The property of the Alaska Copper Co., comprising 18 claims, 
a tramway one mile long to the wharf at the harbor, saw-mill, buildings, etc., 
was sold to Spokane, Wash., parties during the latter part of the year. The ore 
consists of malachite and chrysocolla in a quartz gangue carrying as high as 
30% Cu besides values in gold and silver. It is said that the ores can be con- 
centrated into an 85% matte at one smelting at a cost of $3 per ton. Prince of 
Wales Island is 140 miles long by 40 miles wide, and apparently the copper ores 
are generally distributed over it. 

Arizona.—(By James Douglas.)—Despite an increase in production of copper 
of 10,779,898 lb., Arizona made less progress during 1901 than was expected. The 
Arizona Copper Co. closed its plant for six weeks during the reconstruction of its 
smelting works; the United Verde Co. reduced production in order to re-equip its 
principal shaft, and the serious drought in the southern portion of the Territory 
interfered with the operation of other producers. The conditions for the year 
1902 afford promise of a somewhat increased output. The works of the United 
Verde Co. are equipped for active operations, and the Arizona Copper Co. is 
capable, with its new smelter, of making at least 26,000,000 lb. a year. The 
Copper Queen works were enlarged during the year, but it was not deemed ad- 
visable to urge them to their fullest capacity. The Old Dominion mine and 
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furnaces were in active operation during 1901 and although sulphides have been 
met with in the lower levels they were not in sufficient quantity to induce the 
management to make their mixed oxidized and unaltered ores into matte for 
concentration in the converter. The Old Dominion therefore is still the only 
concern which makes copper bars in quantity direct from the ore. The United 
Globe mines, and others in the vicinity of Globe, have been shipping a very 
‘moderate quantity. The Black Warrior Co. has erected an acid chamber and 
leaching plant, and has already commenced the extraction of copper on a working 
scale by sulphuric acid from the very siliceous ores of its mines. The result of its 
operations may have a notable influence on the method of treatment of copper ores 
in the Southwest, where there are large bodies of low siliceous oxidized ores. 

Of the new companies the Calumet & Arizona Co. is building works at Douglas, 
in the Sulphur Spring Valley, to treat the ore which it has opened up in 
the Irish Mag mine, near Bisbee, and the Shannon Co. is erecting a 500-ton con- 
centrator and smelting works of adequate capacity to treat the ores of the Met- 
calf and adjacent claims in the Clifton district. The Black Diamond Co. and 
other new producers may add somewhat to the total yield of the territory. The 
Copper Queen Co. is designing new works to be erected at Douglas, where ample 
space is available and abundant water flows at a shallow depth below the surface. 
With the exception of the Shannon Co. none of the new concerns is likely to 
produce during 1902. While there are no signs in any of the mines of Arizona 
to indicate exhaustion, none of the companies seems to be imbued with the am- 
bition to force production and make high records. Arizona’s output, therefore, 
in the future may be expected to show a moderate increase, but the policy of all 
the companies interested seems to be to keep production within the bounds of 
consumption, and not to allow ambition or rivalry to influence their conservative 


policy. 


COPPER PRODUCTION IN ARIZONA. (@) (POUNDS OF FINE COPPER.) 


Mines. 1896. 1897, 1898. 1899. 1900. 1901. 
Arizona Cop.Co..| 13,042,000 13,727,911 18,169,096 19,072,709 19,697,086 20,535,800 
Copper Queen... 23,298, 150 23,999,873 33,749,390 36,901,684 34,382,309 89,781,333 
Commercial...... 46,040 Nil. Nil. Nil. Nil. Nil. 
Detroit. cs 0. csene 7,016,348 8,405,138 11,428,992 13,906,253 10,749,258 17,535,000 
Old Dominion...., 5,650,000 2,000,000 1,800,000 6,300,000 7,155,000 10,094,300 
United Verde....} 22,327,950 81,355,025 42,328,926 43,995,932 89,970,193 34,520,695 
United Globe.... 2,020,565 1,241,975 2,847,460 4,451,180 Nil. 830,100 
Other mines..... 844,268 290,000 e 500,000 e 750,000 e 3,450,000 é 2,886,516 

Totalss 343 ess 73,745,321 81,019,922 110,823,864 125,377,758 115,403,846 126,183,744 


(a) Reported by producers direct to Taz MINERAL INDUSTRY. (e) Estimated. 


California.—The copper mining industry made good progress in 1901 as re- 
gards output and new developments and the outlook for the future appears en- 
couraging. In Shasta County, which is the principal center of the copper industry, 
a large amount of prospecting and exploration work was done, and activity in 
this direction was also noticeable in other parts of the State, more particularly in 
Amador, Calaveras, Madera, Fresno, Mariposa, and San Bernardino counties, 
The Mountain Copper Co., Ltd., at Keswick, the largest producer in California. 
increased its output of matte and refined copper, although the ore tonnage from 
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its mines was considerably below that of the preceding year. The output of the 

Keswick smelter was 13,271 tons, this amount representing metallic copper in 
matte. From the year’s operations a total profit of £380,144 was derived, out 
of which the sum of £250,000 was set aside for the reserve and depreciation fund, 
£125,000 paid in dividends, and £5,144 added to the surplus account. Especial 
attention was directed by the management to the location of new ore bodies and 
two discoveries were made that are now being explored. At the annual meeting 
of the stockholders in London a plan was proposed for the distribution of the 
accumulated surplus among the stockholders; the scheme as outlined involved 
the issuance of new shares to the amount of £250,000 and also the creation of 
debenture stock amounting to £750,000 and bearing interest at 6%. The latter 
is to be distributed among the stockholders and will be subject to future re- 
demption out of the earnings and assets which may not be required for the com- 
pany’s operations. The De La Mar properties in Shasta County were transferred 
to the Bully Hill Smelting & Refining Co., a corporation organized under the laws 
of New Jersey. The output of the Bully Hill smelter during the latter part of 
the year, according to report, was about 350 tons of matte per month. According 
to reports by the State Mineralogist, the amount of copper produced during 1901 
was 34,931,985 pounds. 

Colorado.—The production in 1901 as reported by Hon. Harry A. Lee, Com- 
missioner of Mines, was 7,872,529 lb., against 7,826,949 in 1900. More than one- 
half of the former total was contributed by San Juan and Lake counties. No 
new developments of importance were recorded except the construction of a 
smelter at Salida, in Chaffee County, which will have two furnaces for treating 
pyritic ores. The development of pyritic smelting in this State will be found in j 
the article “Progress in Pyritic Smelting during 1901,” elsewhere in this volume, 

Idaho.—Favorable progress was made in the Seven Devils district, but as im 
previous years, the operations were limited mostly to construction and develop- 
went work. It is expected that the railroad to Cuprum will be opened for trattic 
before the end-of the present year, when the mines will commence to produce on 
a larger scale. The Boston & Seven Devils Copper Co. started construction on a 
100-ton smelter at Weiser which, when completed, will treat the ores from the 
company’s mines. | 

Maryland.—The Mt. Washington Copper Co., of Mt. Washington, shipped 
several carloads of ore during the year, to Newark, N. J., for refining. The 
ores are bornite and chalcopyrite, and contain small values in gold and silver. 
Considerable development work was accomplished, the old stopes and levels, aban-' 
doned since 1866, were cleared out and_a new straight shaft started. 

Michigan.—The output in 1901 was 155,511,513 Ib., the largest recorded in 
the history of the State. The extension of operations by some of the more impor- 
tant producers, including the Calumet & Hecla, Quincy, and Osceola, was mainly 
responsible for the increase, although the contributions from the smaller properties § 
and from the mines under development were notably larger than in preceding 
years. While the recent decline in copper prices doubtless will have an adverse 
influence upon the production of the new mines, all of the prominent com- 
panies, owing to their foresight in applying a portion of the increased profits | 


: 
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during the last three years to developments and improvements, are in position to 


materially lessen the cost of producing copper. 


It may be assumed, therefore, 


that operations will be continued by these companies on about the usual scale. 


COPPER PRODUCTION 


IN MICHIGAN. 


(POUNDS OF FINE COPPER.) 


Mines. 1896. 1897. 1898. 1899, 1900. 1901. 
Arcadian ........ Nil. Nil. Nil. 500,000 e 800,000 e 1,000,000 
Atlantic: ®../teeas 4,894,228 5,109,663 4,377,399 4,675,882 4,930,149 4,666,889 
Baltiss... seas Nil. Nil. 42,766 603,570 1,735,060 2,641,432 
Calumet & Hecla} 90,356,733 88,378,986 94,108,000 98,002,137 81,403,041 82,519,676 
Central:..;....ieouts 469.243 611,172 291,339 Nil. Nil. Nil. 
Franklin: :2\2ci 2,746,076 2,908,384 3,568,978 1,230,000 3,663,710 8,757,419 
Isle Royale...... Nil. Nil. Nil. Nil. Nil. 2,176,000 
Kearsarge.....,.. 1,337,226 (a) (a) (a) (a) (a) 
Massie: i. seers 8,684 24,081 Nil. 61,000 Nil. e 800,000 
National......... 53,762 28,959 18,441 Nil. Nil. Nil. 
Osceola Consol’d 6,251,304 9,500,000 11,800,000 10,950,000 11,200,000 138,723,571 
Qniney:: :. ssemenas 16,863,477 16,924,618 16,354,061 14,301,182 14,116,551 20,540,720 
Ridgwet. eee Nil. TZ DOO lsire aoe viel “s (b) (b) (b) 
Tamarack. : vie. 16,495,000 20,000,000 22,500,000 17,750,000 18,400,000 18,000,852 
Tamarack Junior 2,330,000 (a) (a) a) (a) (a) 
Wolverine... .... 2,195,791 2,316,296 4,588,114 4,789,015 4,778,829 4,946,126 
All other mines.. 27,000 25,000 e 25,000 2,983,000 3,200,000 738,828 

Totals........ 144,058,524 145,839,749 156,669,098 155,845,786 144,227,340 155,511,513 


(a) Consolidated with the Osceola. (b) Consolidated with Mass. (e) Estimated. 


The subjoined tables show the results obtained by the principal mines, their 
capitalization, profits and itemized costs of production for the period 1897-1901. 
Similar information covering preceding years will be found in THE MINERAL 
Inpustry, Vols. I. and IX. 

The Calumet & Hecla Mining Co. continued the extensive improvements to its 
milling and smelting plants which have been under way for some time, bringing 
them near to completion at the end of the year. The new six-stamp mill designed 
for treating ore from the Osceola amygdaloid will have a capacity of about 3,000 
tons per day, or 1,800 tons per day when working on the conglomerate ore. 
Wilfley tables are to be installed for concentrating the slimes, and a tailings 
wheel 65 ft. in diameter and weighing over 500 tons will dispose of the waste 
material. The smelting works at Lake Linden were also partially reconstructed 
by the building of six new reverberatories to take the place of a like number of 
old furnaces. The new furnaces are supplied with platforms on which the ore 
is dried before being charged. The Osceola Consolidated Mining Co. did a large 
amount of development work in its mines, especially in the Osceola branch, where 
some very productive ground has been found, and in the North Kearsarge, which 


CALUMET & HECLA MINING CO. 


Real Es-} Personal 


i Copper : Average | Estimat- : 
Capital tate. Estate. Yield. : : Divi- 
Year. | Paid In. | Amount | Amount | Debts. | Credits. Produced () [FCS Berl pectrpts,| dends. 
Invested.|Invested. ‘ % : Be 

1892. ....} $1,200,000] $5,718,369) $5,255,080] $1,252,956) $4,045,277] 58,292,576 11°67%c. | $6,802,744! $2,000,000 
1893. ..-.| 1.200,000} 6,096,484) 5,731.900 689,572] 4,185,729) 62,825,674)... 10°91 6,854,281) 2.000,000 
1894, ....} 1,200,009 6,354,690) 6.054.216 812,124) 5,464,671] 61,842,722)... 9°63 5,955,454) 1,500,000 
1895. ....} 1,200,000) 7,000,578! 6.200.397] 1,295,877) 7,204,231] 77,489,907 10°66 8,254,494) 2.000.000 
1896. ....] 1,200,000) '7,169.786| 6.392.083) 1,391,215} 8.866.542) 90,356,733 10°98 9,921,169} 2,500,000 
1897. ....] 1.200.000) 18,596,348] 6,265,426] 1.275.599] 3,668,150} 88,378.986 11°12 9,827,743] 5.000000 
1898. ....} 1,200.000} 14,228,895) 4,134,821] 2,235,543] 6.280.589) 94,103,000 12°01 11,301,770] 5,000,000 
1899. .... 1,200,000} 14,032,991| 7,215,716] 2,298,467! 1,669,622) 98,002,137).......... 16°92 15,788,162} 10,000,000 
1900. ....) 1,200,000! 16,545,511! 3,092.768).......... VB TOWEG) CSL. 403 OF oe Seo, ais ceed aieaiee ee 7,000,000 


(a) Prices obtained by taking the average prices realized [by the other leading mines, including Quincy, 


Tamarack, Atlantic and Wolverine. 


Lake Railroad. On this basis the yield in 1891 was 3°13% and in 1875, 4:30¢. 


(b) Computed from the shipments of freight over the Hecla and Torch 
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ATLANTIC MINE. 


Z 
® 
co 
4°) 
La] 
° 
i) 
co 


Cost of Ton of Ore Stamped. 


Total 
Receipts. 


sport. to 

Mill. 

Pound. 
Total Cost per 


rface Ex- 


penses. 
Ton, Milled. 


Brokerage 
Total Cost per 
Per Pound. 


Selling Price per 
Improve- 


| Tran 
: | Su 
Stamping per 
Ton 
Smelting and 


aoe 


Cts. 
5,109,663}0°650/11°23 
4,377,399}0°590}11°83 
4,675,882|0°614)17-15 
4,930,149|0°600}16°41 
4,666,889]0°570}15°76 


(2 
# 
o 
° 
ro 


$ 
574,783 65 
518,219'14 
802,804°51 
809,17700 
VAT ATT 32 


BALTIC MINE. 
(k) 


$ 
980,000) 394,296 
980,000|370,767 
980,000/380,781 
980,000}410,674 
980.000}409, 124 


Ses” | 


20°62]17° 04/13 °93 
27°75)14°70}14°80 
46°72|14°07/17°73 


IARI O 
DON 
DBwHowr 
wwwe 

SSRSAQ 

-3 

a3 .05 


16°93 261°7 |15°00)100°0 


.-|1,000,000) 35,411 
. {1,000,000} 85,598 
.|1,000,000)114,703 


608,570|0°853 
1,735,060]0°979 
2'641.432|1°150 


16°49 


16°43 


107,896 
297,180 
442°551 


160°0 |15°52 
171°38 |14°99 


63°9 


53°18 


FRANKLIN MINE. 


(b) 
2°03 
1:77 

(d) 
1°72 
1°23 


(a) 
820,917 °33 
317,917°63 
202,647°81 
594,252°36 
828,045°94 


OSCEOLA M 


11:05 
12°07 


132,026 
/116,696 
| 89,789 
268,571 
|313,552 


2,908,384|1°10 
2,623, 702|1°12 
1,230,000|0°68 |16°48 
3,663,710|0°68 |16-20 
3,757,419|0°83 |16 69 


(d) 
(d) 
(d) | 
(d) 
(d) 


INE. 


(d) |32°71|10°71 
(d) 134-29] 9°39 
(d) 182-28} (d) 
0°04/23-79117- 90 
100|16- 42] 15-92 


2°11 
(d) 

2°41 

2°59 


l 
(d) |11°32 
(d) | 9°98 
(d) {11°48 
(d) |13°92 
(d) /14°64 


1897 . .|2,275,000 
1898 . .}2,325,000 
1899 . .|2,328,750 
1900 . ./2,397,500 
1901 . .12,397,500 


443,080 
505,008 
546,326 
683.066 
793,207 


9,500,000 
11,800,000 
10,950,000 
11,200,000 
13,728,571 


1-072 
1°168 
1-002 
0°819} ( 
0°865! 


1,338,056°11 
1,549,820°12 
1,791,471°01 
) |2,136,258-02 
1,934,437°14 


(d) | (d) 
(d) 
(d) 
(d) 
(d) 


QUINCY MINE. 


(f) 

1°73 
1°65 
1°81 
2°08 
1°81 


17°64 
18°10 
13°29 
27°68 
60°95 


(e) 
1,890,238°64 
1,986,116°81 
2,450, 178°66 
2'358,416°59 
3,399,574°80 


1897 . .|1,450,000 
1898 . ./1,450,000 
1899 . ./1,450,000|559, 164 
1900 . .|1,450,0001558,723 
1901 . .|1450,000|386'266 


542,623 
543,592 


16,924,618|1° 
16,354,061 
14,301,182 
14,116,551 
20,540,720 


(d) 
(d) 
(d) 
(d) 
(d) 


TAMARACK MINE. 


(d) 
(h)22'28 
(A)22°19 

(d) 

(d) 


34:03 
39°59]34°23 
72°39|27°50 
108°3 |28°17 
18:87/23:28] 9° 


39°53 
12°14 
17°13 
16°67 
16°02 


1897 . .}1,500,000/611,539}20,000,000) 1°63 
1898 . .]1,500,000)670,832| 22,500,000} (d) 
1899 . .|1,500,000)631,090)17,750,000}1°40 
1900 . .]1,500,000)625,422)18,400,000}1°47 
1901 . .|1,500,000}626,905) 18,000,852) 1°43 


11 82|2,267,340°75|(c)1°81 
(d) |2}381/388°95| 1-79 
(d) |2:952'098-91| (d) 
(d) |3,299.077'26| (d) 
14°22}2,627,954°35| (d) 


33°51|59° 08 


(d) | (da) 
63°49] (d) 
(d) | (a) 
44°87] (d) 


3 00 
(d) 
33°50 
11°41/3°36 
11°67|3°35 


WOLVERINE MINE. 


11°12 
11°43 
14°35) 
16°86 
16°74 


1°38] (a) {23°15 
119] (d) [23°51 
1:00| (d) |19°66 


(a) 
252,088 37 
899,368 °77 
675,859°08 


600,000} 82,270 
600,000}130,089 
600,000)184,799 
600,000)184,594 


2,237,698) 1°36 
3,470,927|1°38 
4.700.373|1°27 
4.756,646|1°29 


29°19} 5°52)/33°98) 8- 
36°63} 47°42/33°33) 9° 
36°68} 5°83)34°00) 7: 
806,810°32) 1°12) (d) |24:01} 41°19] 36°67132°34| 9- i 
600,000}190,104) 4,907,646]1°29 828,797°32| 1°16] 5°94|24:16] 36°89] 14°56/30°06) 8°84/2°28 


(a) Sales of copper and interest. (6) Includes underground and surface expenses and costs of stamping. 
(c) Includes transportation to mill and surface expenses. (d) Not stated in the reports. (e) Not including inter- 
est. (f) Includes mining, transportation to mill, surface and stamping costs. (g)|Fiscal year ending June 30, 
(h) Included under mining costs. (i) Exclusive of interest and income from real estate. (k) Not including as- 
sessments. (/) Not deducting extraordinary construction account from annual profits. 
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now has an extensive equipment. No stoping was done in the South Kearsargo 
branch, although it is stated that a large amount of good ore was opened up during 
the year. Three of the four new stamps were erected and the whole capacity of 
the new mill will be ready for operation by the middle of 1902, when the old 
mill will go out of commission. - Important savings of copper were effected by the 
new stamps which promise to materially reduce the cost of production when the 
mill is under full headway. The company was unfortunate last year in that it 
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adhered to the policy of holding its copper for 17%c., with the result that much 
of its product had to be sold later in the year at a greatly reduced figure. The 
average price obtained was 13°9c., while other mines marketed their output at 
16c. or more. The year’s development of the Baltic mine has been highly satis- 
factory and in harmony with the general views that have been expressed by the 
management of the company. The average yield of copper per ton of rock stamped 
was 23 lb., compared with 19°58 lb. in 1900 and 17 lb. in 1899, while the output 
for the year was 2,641,432 lb., against 1,735,060 lb. in 1900. The first head in 
the new stamp mill was started in December and two more will be in operation 
by the middle of the present year. Underground the mine has been opened on 
a large scale, and when the improvements in the surface plant are completed, it 
may be expected that the Baltic Co. will become one of the leading copper pro- 
ducers in Michigan. The Tamarack Mining Co. reports for the year 1901 an 
average price of 14-22c. realized for copper during the year. The dividends 
were declared from surplus. The No. 5 shaft at the close of 1901 reached a 
depth ‘of 4,938 ft. The Quincy Mining Co. paid from the earnings of 1901 in 
dividends $1,000,000. Part of the year’s earnings of $1,424,542 were retained 
in the treasury to increase the surplus and to provide money for the erection of 
a coal unloading and storage plant, a new dock, and a railway extension at 
Torch Lake, all to be constructed during 1902. The Wolverine Copper Mining 
Co. is erecting a modern mill containing two heads of stamps which will have a 
capacity of 1,000 tons of rock daily, an increase of 50% over the capacity of the 
two small heads of stamps now in use. The new mill site is on Traverse Bay, the 
foundations are completed and structural steel work being put into place. The 
mill is expected to be in operation by July 1, 1902. During construction divi- 
dends have been limited to $2 per share, payable half yearly. At the Atlantic 
mine the installation of a new “Ingersoll-Sargent” cross compound air com- 
pressor has greatly facilitated operations. Its capacity is 4,670 cu. ft. of free 
air per minute, at 75 lb. pressure, and at 75 revolutions per minute. New rolling 
stock was purchased for the railroad, enabling it to transport rock for the Baltic 
mine. The Mohawk Mining Co. has completed the structural work of its new 
stamp mill at Traverse Bay, and it is expected that it will be entirely completed 
by July, 1902. The 16-mile railroad connection between mine and mill is oper- 
ated under lease, by the Hancock & Calumet R. R. During the latter part of 
the year, 170 tons of “Mohawkite” were shipped to the special reduction works 
at Newark, N. J. The net value per ton of this mineral did not approach that 
of the trial shipment to Swansea, Wales; $75 per ton being the best net price 
realizable at the present value of copper. While the veins of “Mohawkite” per- 
sist with depth, they vary greatly in size and value. The new mill of the Ad- 
venture Consolidated Mining Co., for which the structural steel work was com- 
pleted and the machinery nearly all on the ground im December, 1901, has three 
Allis-Chalmers stamps, fitted with coarse rock screens, round mortars, jigs, slime 
tables, and six Wilfley concentrators. The rock bins have a capacity of 4,500 tons 
equal to three days’ supply. The Arcadian Copper Co., which has expended more 
than $1,000,000 in development work during the past few years, has closed its 
St. Mary’s shafts and confined its work to the old mine or Douglas shafts. The 


182 THK MINERAL INDUSTRY. 


Arnold Mining Co. has reduced its force to 12 men and has apparently abandoned 
hope of success in its mining operations. The Centennial Copper Mining Co. 
plans to erect a new mill of 2 heads of stamps at Torch Lake during 1902. The 
result of work on the Kearsarge Lode during 1901 has been so satisfactory that 
all work on other lodes has been indefinitely suspended. The Isle Royale Copper 
Co. started its new mill in May, 1901, and during the year stamped 185,175 tens 
of rock with a yield of but 11°75 lb. of copper per ton. Recent cross-cuts have 
resulted in the development at depth of the Grand Portage Lode at a distance of 
200 ft. west from the Isle Royale Lode, which shows slightly better returns in 
copper than the latter. The cost of mining and stamping a ton of rock is $1:863. 
Late in December, 1901, an important consolidation was effected resulting in the 
organization, with a capitalization of $28,500,000, of the Copper Range Consoli- 
dated Co., which purchased for $1,000,000 of its stock the Baltic Co., and for 
$1,500,000 stock the Copper Range Co. Thirty-five thousand $100 shares were 
offered to the public at $40 per share and with the balance of the treasury stock 
such other mines as the Trimountain and Champion mines may subsequently be 
purchased. 

Montana.—The production of the individual mines in this State, from 1895 
to 1901, inclusive, is given in the subjoined table :— 


: COPPER PRODUCTION IN MONTANA. (POUNDS OF FINE COPPER. ) 
a 


Mines. 1895, 1896. 1897. 1898. (d) 1899, 1900. 1901. 


00,775,204 | 125,850,698 181,471,127 | 107,214,059 | 107,014,887] (e 101,850,224 
60,250,000} 60,000:000 | 62000;000 |) ., 66,200,000 |} eg nog » 
60,746,000 | 7000-000 | f 79,000,000 } $#So0'000 ) 758,028,746 
Butte Reduction Works... 3,390,000 7,883,795 | 9,685,088 | 10,049,629| 12°455'772 | 17,969,668 
Colorado Sm. & Mg. Co...| _7°750;000 8,911,578 | 7,657,938 | 9.572.155 11°453°940 | _7'7'465'260 
Hecla Cons. Mining Co....| _'239°631 2157431 121.039 155,719; 131.494 103,671 
Parrot 7,257,000 | _ 8,045,648] 14,824.487 | 12,444'828| 10,625.696| _(e) Ff 10,167,850 
Montana Ore Purch’g Co .| 14,861,000 | 15,049,066] 13,047,648 | 13,084,000 | 15'360.679| 22,257,568. | 7729'898'980 
Other Mines....... 750,000 | 412421583]  '804’474 (b) 5,775,716] 125,011,944 |” 7 3/386,021 


POUHIS Tse soiec is sce e+ +| 194,768,925 228,958, 164 237,158,540 |c216,979,334 | 237,953,951] 254,460,713 | 229,870,415 


(a) In addition to 818,531 Ib. of Canadian copper smelted by the Montana Ore Purchasing Co. and deducted 
in the above table, there was also deducted 1,000,000 Ib. more of foreign copper estimated as having been 
included in the aggregate of the above returns, leaving the net amount 228,958,164 lb. (b) Included in reports of 
smelters itemized above. (c) Totals reported by E. B. Braden. (d) The individual reports include some copper 
derived outside of Montana, wherefore their sum exceeds the total as given. (e) Includedunder “Other Mines.”’ 
(f/f) Estimated. 

Prepared by George W. Winter.—The ‘production of copper in Montana 

fo) ? 
during the closing months of the year, shows a heavy shrinkage due to the com- 
panies controlled by the Amalgamated Copper Co., the extensive repair work 
at the various properties on the hill partly accounting for the decreased produc- 
tion of copper. A drainage system has been established to have the mine water 
taken care of by two central points. At the 2,200-ft. level of the High Ore mine 
a pumping plant is being installed capable of handling 4,000 gal. in 24 hours. 
The Mountain Consolidated, Diamond, Green Mountain, Wake U p Jim, and the 
two Grey Rocks will be drained through the High Ore mine. At the 1,200-ft. 
level of the Leonard Shaft of the Boston & Montana Copper Co. a compound con- 
densing pump (duplex) is being installed with a daily capacity of 1,000 gal. for 
that lift; this pump is intended to drain a large area of its territory, the 1,200-ft. 
level of the Leonard being connected with the two Colusa’s, Piccolo, Comanche, 


Gambetta, and Mountain View mines. The works of this company at Great Falls 
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is being generally overhauled and enlarged and the improvements will be com- 
pleted early in January, 1902. At Anaconda the upper works has gone out of 
commission, while the lower works is running at about two-thirds of its capacity. 
Work on the new Washoe smelter of the Amalgamated Co. is being completed. 
This plant, which is probably the most complete and modern in the country, will 
probably be in full operation by the spring of 1902. The smelter of the Montana 
Ore Purchasing Co., at Butte, was partially destroyed by fire in April, 1901; 
aside from the curtailment of output due to the fire, the works has been busy to 
its total capacity and two new converters have lately been added. The Butte & 
Boston smelter operated continuously during 1901 with the exception of about 
30 days, when it was idle through labor troubles, its chief ore supply coming from 
shafts No. 1 and No. 3 of the Silver Bow and East Grey Rock mines. The 
Colorado smelter also was idle for a short time from the same cause. A new 
roaster of an improved turret type, designed by Richard F. Pearce, is giving great 
satisfaction. ‘The Parrot Silver & Copper Co., during the fall of 1900, lost 
through a fire their entire headworks equipment which was replaced during 1901. 
A steel gallows frame with a height of 100 ft. to the sheaves has been erected over 
the main shaft; the total weight of frame is 125 tons, with a safe load capacity of 
50 tons. A first motion hoist, 28X96 in., inclosed in an engine house, and an 
iron compressor house, both of modern brick, stone, and iron construction, are 
among the improvements, the total cost being about $250,000. Of the inde- 
pendent copper properties of the camp, the Speculator is the most important ; 
curing the year 200 ft. was added to the shaft, making it 1,400 ft. deep; 300 
miners are employed ; the property is operated as a close corporation, and can show 
a larger net profit than any other single mine of the camp, the net profits for the 
year approximating $1,000,000. The Farrell Copper Co., one of the recent enter- 
prises, has started three shafts on the flat, a short distance east of Meaderville, one 
of which has reached a depth of 600 ft. Two long-distance electric-power trans- 
mission lines bringing power from a distance of about 60 miles have their wires 
strung to Butte, ready for operation. The following statements of net profits were 
taken from the books of the county assessor, as returned by the various companies 
for the fiscal year ending June 30, 1901: Anaconda Copper Min ing Co., 
$5,571,815 ; Boston & Montana Con. C. & S. Mining Co., $7,042,300; Butte & 
Boston Con. C. & S. Mining Co., $586,055; Colusa Parrot Mining & Smelting 
Co., $245,400; Colo. Smelting & Mining Co., $303,620; Montana Ore Purchasing 
Co., $1,250,000; Parrot Silver & Copper Co., $510,195. The courts have been 
largely occupied with the various suits between the Montana Ore Purchasing Co. 
and the Amalgamated Copper Co., several new suits were instituted during the 
year, which have yet to come to trial. The properties of W. A. Clark and the 
Butte Reduction Works were operated continuously throughout the year. During 
the latter months of 1901 not to exceed 50% of the normal force of miners found 
employment in the mines of the Amalgamated Co., with the single exception of 
the Gagnon mine, which worked full handed, maintaining its maximum produc- 
tion, and possibly the Parrot, which also produced continuously. 
Nevada.—Shipments of copper ore from Good Springs, Lincoln County, were 
made during 1901 by seven different mines, to the new terminus of the Eastern 
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California railway. The greatest depth thus far attained in any mine is 750 [t., 
and at that depth no water is found. In Lyon County the Excelsior Copper } 
Mining Co., operating the Bluestone mine, 5 miles southwest of Yerington, com- 
pleted the erection of its 150-ton water-jacketed smelter. The ores of this mine 
are said to be copper oxide and carbonates, and average 10% copper. Early in 
1902 the Nevada Consolidated Copper Co. will start work on a large scale on the 
McConnell mine. Many promising copper properties have been discovered in the 
new Tonapah district. The Nevada Copper Co., of Humboldt County, com- 
pleted the erection of its 50-ton smelting furnace, early in 1901, and during 
the year made a number of shipments. 

New Jersey.—The attempts made during the latter part of 1901 to operate 
the new plant of the Arlington Copper Co., at Arlington, proved unsuccessful 
from various causes, including difficulties in leaching. The plant is composed of 
the following machinery: One 350-H.P. Babcock & Wilcox boiler, with Kent re- 
generative fire-box ; a 500-H.P. compound Erie City engine, connected direct to a 
240-volt, 1,250-ampere, Crocker-Wheeler dynamo, switch-board, pumps, air-com- 
pressor, ete. All machinery is electrically driven, consisting of mine-hoist, No. 5 
Blake crusher, one set of Allis-Chalmers rolls, two 10-ton per hour Kent mills, 
grading screens, and a Brown roasting furnace, 200X10 ft. hearth area, four 
125-ton leaching tanks, and a 30,000-gal. stock solution tank. An acid-proof 
pump circulates solutions, and a series of 128 electrolytic cells connected in 
multiple, with lead anodes and cathodes, presenting about 6 sq. ft. of area each, 
are housed in a separate stone and steel building. 

New Mezico.—Phelps, Dodge & Co. accomplished considerable development 
work on the Modoc mine, Grant County, during the year; elsewhere in the same 
county the Clifton Copper Co. completed and put in operation its new concen- 
trating plant, which includes a crusher, a set of rolls, two Huntington mills, two 
Wilfley and two Standard concentrating tables. At Lordsburg the Lena Mining 
Co. completed its concentrator at an expense of $100,000, and another Lordsburg 
company was erecting a smelting plan comprising two cupola furnaces, to be 
used either as lead or copper stacks. The Jura-Trias Co., of Bernalillo County, 
completed and put in operation its reverberatory furnace, and during the latter 
part of the year began the erection of another reverberatory. The product from 
the reverberatory operation consisted of two-thirds black copper and one-third 
white metal. This company mines its own coal. During the latter part of the 
year the Santa Fé Gold & Copper Co., of Santa Fé County, -produced an average 
of 10 tons of matte per 24 hours, from ores averaging 4°75% copper, and silver 
and gold valued at $1°50 each per ton. The cost of mining and smelting was 
$7 per ton. The slag losses were less than 0°5% copper. The mine and smelter 
is 20 miles from the Atchison, Topeka & Santa Fe R. R., and wagon haulage of 
coke, etc., adds greatly to treatment charges. The Rio Hondo Copper Co. during 
the year began the construction of a smelter, and the Fraser Mountain Copper Co. 
started the construction of a concentrating plant and matting furnace. 

North Carolina.—(By W. H. Weed.)—In the Gold Hill district, which be- 
tween 1842 and‘1893 produced over $3,500,000 in gold, and was then abandoned 
owing to the presence of copper in the ore, the Union Copper Co. has made ex- 
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tended development. Its smelter was blown in September 20, 1901, and high- 
grade matte is now being shipped. The smelter contains 2 forty-ton furnaces, 
and is equipped with the latest type of roasters. The concentrator handles 250 
tons of ore per day; $1,600,000 has been expended, and there is said to be 
$2,000,000 of ore on the dump. There are 12 shafts on the property, three of 
which are on the Big Copper vein, which has been traced for a distance of 3,000 ft. 
The Ore Knob mine in Ashe County, which has been abandoned for a number of 
years, resumed operations late in 1901, and the company owning the property is 
said to be erecting water-jacketed furnaces of the Garretson type to smelt its 
low-grade ore. This mine was worked by a Baltimore company when copper was 
selling for 8 to 9c. per lb., and $210,000 of dividends were paid as a result of its 
operation. The ore runs about 5% copper. The coper mines of the Virgilina 
district have been mentioned elsewhere in this volume under the caption “Vir- 
ginia.” : 

Tennessee.—In the Ducktown district, according to reliable reports, the Ten- 
nessee Copper Co. has spent nearly $3,000,000 on its plant and properties, and 
the Ducktown Sulphur, Copper & Iron Co., $1,000,000. These two companies 
employ nearly 3,000 men. The last named company treats from 280 to 300 tons 
of roasted ore daily, producing about 3,000,000 lb. of copper per year, and dis- 
tributed dividends amounting to $140,000 for 1900 and 1901. Its cost of pro- 
ducing copper has been estimated at 10c. per lb. The Tennessee Co., owning 
13,157 acres, began work in July, 1899, and 18 months later had 800,000 tons 
of ore blocked out. Its plant is very complete. The shaft houses contain 
crushers, rotary screens, Robins picking belts and 500-ton ore-bins, besides power 
and air compressor plants; 7-5 miles of standard gauge railway have been laid 
connecting the shafts, roast yards and smelter with the Atlanta, Knoxville & 
Northern R. R. The ore is roasted under sheds with a capacity of 83,000 tons. 
The smelter contains two water-jacketed blast furnaces 56180 in. at tuyeres, and 
18 ft. from tuyeres to charging floor, two converter stands, with six shells 
7 ft. in diameter and 10°5 ft. long, which are handled by a 40-ton electric crane 
with a 50-ft. span. There are the usual accessories of electric slag cars,* clay 
mills, ete. The power house has four 250-H.P. boilers, supplying two Nordberg 
engines. The estimated cost of production of copper by this company is 9c. 
per lb. : 

Utah.—The total production of copper for 1901 was 20,116,979 lb., against 
18,504,726 for 1900, an increase of 1,612,253 lb. The Daly-West Mining Co. pro- 
duced during the year 1,326,448 lb. copper from 31,344 tons of lead-silver ores 
and concentrates. The Horn Silver Mining Co. during 1901 produced 577,578 Ib. 
copper from 1,410 tons of ore containing gold, silver, and lead. The Utah Con- 
solidated Gold Mines, Ltd., which owns the Highland Boy mine, produced 
9,043,967 lb. copper from its own ores, and during the year Bessemerized the matte 
smelted by the Bingham Copper and Gold Mining Co., producing therefrom an 
additional 1,041,801 lb. copper. The Bingham Oo. is building its own converting 
plant, which will be in operation early in 1902. The Quincy Mining Co. in 1901 
produced 984,169 lb. copper from 39,209,925 lb. of dry ore containing 9,826,007 lb. 
lead, 1,650,738 oz. silver, and 1,568°4 oz. gold. From January 1 until April 1, 
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1902, when the mine was sold to the Daly-West Mining Co., the Quincy Mining 
Co. produced from 16,023,819 lb. dry ore, 333,295 lb. copper, 4,021,979 Ib. lead, 
546,172 oz. silver, and 616°92 oz. gold. During 1901 considerable additions were 
made to the Salt Lake smelters. The American Smelting & Refining Co.’s Mingo 
and Hanauer plants were dismantled, and the Germania will probably be shut 
down when the new 1,000-ton plant is completed, probably in July, 1902. The 
néw plant of the United States Mining Co., which owns the Centennial-Hureka 
mines at Tintic, is expected to be completed by September, 1902. This plant will 
consist of pyritic blast furnaces and converters and will have a capacity of 850 
tons per day. The capacity of the Bingham smelter is about 400 tons of ore per 
day, and that of the Highland Boy about 500 tons of ore per day. The detailed 
statement from the reports of Utah copper mining companies will be found else- 
where in this volume under the caption “Gold and Silver Mining in the United 
States.” 

Vermont.—The Copperfield mines, at Copperfield, Vt., owned by Mr. George 
Westinghouse during 1901, pumped out the mine, straightened and widened the 
shaft so as to permit an output of at least 300 tons of ore per day, and began 
the erection of a smelter, which was not finished and in operation during the 
year owing to the difficulty in getting deliveries of material. The copper furnaces 
are two, of about 150-ton capacity each, and were erected by the Colorado Iron 
Works, of Denver, Colo. 

Virginia.—(By W. H. Weed.)—The Virgilina copper belt is situated on the 
State line between Virginia and North Carolina, on one ot the lines of the South- 
ern R. R., 160 miles west of Norfolk. Although known for 40 years or more, the 
lack of railway facilities and the general disinclination of capitalists to invest 
in Southern mining properties retarded development until a few years ago. The 
investment of over $1,000,000 in the field in the past two years, together with 
the active opening up of its veins, erection of mining and milling plants, and 
the employment of several hundred people, has brought the region into promi- 
nence. Active development has been confined to a radius of 8 miles from Vir- 
gilina, in which area there are now 14 mines being operated, four of which are 
steady producers; 17,000 tons is given as a rough estimate of the ore shipped 
during 1901, but this is scarcely a fair estimate as the ore must be concentrated 
before shipment, and the only mill so far erected was not started until last fall. 
The ores so far mined average about 3% copper, but shoots of high-grade ores 
(5 to 25%) occur in all the veins so far opened. The ores consist of copper 
glance and occasional bornite in a white quartz vein matter with admixed talcose 
altered country rock. The gold and silver values vary but slightly in the different 
veins, the gold averaging less than $1 per ton, and the silver 6 to 10 oz. per ton 
in the ores shipped. The High Hill concentrator, working on an ore carrying 
59% copper, 2 oz. silver, and 0-04 oz. gold per ton, effects a concentration of 
11 tons into one, the concentrates carrying 40 to 50% copper, 0°24 oz. gold, and 
20°3 oz. silver per ton. The shipping ore carries 4 to 5% iron and 68 to 75% 
silica. The ore is extremely siliceous and unfit for smelting without concentra- 
tion. The high-grade ores are shipped directly to the New York works or to the 
Norfolk smelter. The deepest working of the Virgilina district is that of the 
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Holloway mine in North Carolina—510 ft. deep. The Person Co. has two shafts 
150 ft. and 225 ft. deep, respectively. The High Hill (or Virginia Co.) in 
Virginia, two shafts of 231 ft. and 339 ft. depth. Numerous shafts from 50 to 
150 ft. deep have been sunk on other properties. The favorable labor conditions, 
cheap fuel, proximity to tide-water, smelting plants, and railway communication 
all indicate that the ore can be mined, milled, and shipped profitably even at 
the price of copper prevailing early in 1902. The possible production of the 
field for the year 1901 to 1902 has been estimated by Caracristi at 4,500,000 lb. 
at a cost of 9c. per lb. 

Washington.—Shipments of copper ore were made in the winter of 1901 by 
sleighs from the Republic camp to the Granby smelter at Grand Forks, British 
Columbia. The Kettle Valley Lines Railway connecting Grand Forks with the 
Republic camp will be completed early in 1902. The Tacoma smelter received 
the greater part of its ore supply from the islands and coast of British Columbia. 
The California mine on the line of the Kettle Valley Railway, made some ship- 
ments of ore to the Granby smelter. The values are principally gold, with some 
copper and silver, and it is reported that ore from the lower levels assays as high 
as $239 per ton. 

‘Wyoming.—(By Wilbur C. Knight.)—During the year upward of $1,000,000 
was spent in connection with the properties of the Sierra Madre Mountains. ‘The 
Ferris-Haggerty mine remains as the greatest property yet discovered in that dis- 
trict. The Boston-Wyoming smelter, at Encampment, with a capacity of about 
50 tons, was blown in last summer and worked until about the holidays. At 
first most of the ore was furnished from the New Rambler mine in the Medi- 
cine Bow Mountains, but later several properties about Encampment furnished 
ore, and especially the Ferris-Haggerty. On account of a long haul and bad 
mountain roads it was decided to construct a wire tramway about 16 miles in 
length, to be completed in July, 1902, at a cost of $275,000. The tramway is 
to be divided into four sections and will be partly operated by steam power. The 
Ferris-Haggerty Co. has entered into an agreement to furnish this tram with 
200 tons of ore per day at $4 per ton for the haul. The discovery of various 
precious metals associated with the copper ore in the Rambler mine has been of 
very unusual interest. It is now definitely known that the ore contains platinum, 
iridium, osmium and palladium. These metals are not uniformly distributed 
through the ore and various samples assayed often show palladium, while others 
platinum alone. The majority of assays, however, show all four elements.’ Prof. 
Wells has already shown that the platinum occurs in the form of sperrylite, and 
it is quite probable that the palladium also will be found as an arsenide be- 
longing to the same mineralogical group. In the Laramie Mountains consider-_ 
able prospecting has been followed. At Tie Siding, a Carboniferous or Permian 
grit has been opened that contains metallic copper and cuprite disseminated 
through the stratum. The metallic masses are of considerable size, those found on 
the surface weighing up to 100 lb. In the vicinity of Halleck cafion, about 
50 miles N.E. of Laramie, are many promising copper prospects. 


1 See also, under the caption, ‘‘ Platinum,’’ elsewhere in this volume. 
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CoprER MINING IN FoREIGN COUNTRIES. 


Argentine —Late in 1901 the Capillitas Copper Co., Ltd., capitalized at 
$3,000,000, was organized in London to operate the Capillitas and Atajo mines 
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and the Pilciao and Constancia smelters in the Province of Catamarca. The 
smelters are about 30 miles from the mines and aggregate eight reverberatory 
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furnaces. It is stated that the Capillitas ores average 23% Cu, with some 
gold and silver. 

Australasia—The copper production of Australasia showed an increase of 
7,875 tons in 1901, the total production of the metal amounting to 30,875 tons 
against 23,000 tons for 1900. The old Wallaroo & Moonta mines in South 
Australia materially increased their output, while considerable additions came 
from Mount Lyell, in Tasmania; Cobar, in New South Wales; and Queensland, 
which in 1900 shipped little of the metal, multiplied its output very considerably. 

The copper produced in New South Wales during the year 1901 amounted 
to a total valuation of £413,302, against a total valuation of £428,036 for 1900, 
showing a decrease of £11,999. The number of men employed in the copper 
industry during the year 1901 is estimated at 2,964. The re-opening of the 
Kawau mine, on Kawau Island, in 1900, after its complete abandonment for 
40 years, revealed an interesting deposit of native copper, formed by the action 
of the sea water on the sulpho-salts of copper and the subsequent decomposition 
of the copper chlorides by the iron present in the mine. Owing to litigation, the 


THE WORLD'S COPPER PRODUCTION, 1897—1901. (a) 


1897 1898, 1899. 1900. 1901 
Countries. SSeS FAS tay | EE | SH REE RD 
Tons of | Metric | Tons of | Metric] Tons of | Metric] Tons of | Metric] Tons of | Metric 
2240 Lb. | Tons. | 2240Lb. | Tons. | 2240 Lb. | Tons. | 2240Lb. | Tons. | 2240 Lb. | Tons. 
Algerians: cscs: Nil. Nil. 50 Dee Nees Nil. Nil. Nil. Nil. Nil. 
ATLORUMNA deci cincw 200 205 125 127 65 66 63) 76 780 793 
Australasia 17,000 17,272 18,000 18,288}  20,'750 21,082) 23,000 | 23,368 30,875 | 31,371 
Austria-Hungary.. 1,655 I ‘681 1,540 1,565 1,505 1,529 1,855 1,377 1,335 1,356 
Boliviawcc oot. sae 2,200 2235 2,050 2,083 2,500 2,540 2,100 2,134 2,000 2,032 
Canada.sceunatee 5,905 5,999 8,040 8,169 6,730 6,838 8,459 8,595 18,282 | 18,575 
Cape of Good Hope 
Cape CAEP ERY 5,290 5,375 4,660 4,735 4,140 4,206} 4,420 4,491 4,000 | 4,064 
Namaqua........ 2,150 2,215 2,400 2,488 2,350 2,388 2,300 2,987 2,400 2,439 
Chilepiie ee: 21,900 22,250 24,850 25,248] 25,000 25,400} 25.604 | 26,016 80,805 | 31,299 
Germany—Total...} 20,145 20,467 20,085 20,407} 23,460 23,836) 20,310 | 20,635 21,720 | 22.069 
(Mansfeld)....... (17,960) (18,247) (18,045) | (18,3834)} (20,785) | (21,118)) (18,890) | (18,684) (18,780)} (19,082) 
Ttalypert testis: 3,480 3,536 3,039 3,088 2,965 3,012 2,753 2,790 3,000 3,048 
JAPAN oar ccse cseeek 23,000 23,368 25,175 25,578] 28,310 28,763} 27,840 | 28,285 27,475 | 27,916 
Mexico—Total.... 11,370 11,558 15,668 15,919 19,005 19,310) 22,119 22,473 83,813 | 33,943 
(BOO) series ose oc (10,170) | (10,834); (9,436) | (9,587)} (10,222) } (10,886)} (11,119) {(11,297) (10,783)) (10,956) 
Newfoundland .... 2,519 2,559 2,407 2,446 2,956 3.003 2,883 2,929 2,756 2.800 
NODLWAY ss acecmeces 3,450 3,505 8,615 3,673 3,610 8,668 3,935 3,998 3,37 3,429 
Russlaitiiseacssaees 6,025 6,121 6,000 6,096 7,210 7,825 8.000 8,128 8,000 8,129 
BS Pert cc scenes 1,000 1,016 3,040 8,089 5,165 5,248 8,220 8,35? 9.520 9.673 
Spain-Port.—Total} 54,060 54,925 53,225 54,075 54,220 55,088) 52,872 53,718 53,621 | 54,482 
Rio Tinto ist iets .| | 83,900 184,442 33,705] | [84,244 34,370 34,920 35,732] || 36,304 35,348 35,916 
Phanrsigrte. sack 12,000 /12,192 12,000 12,192 9,448 9,599 7,965 | 8,092 427 7,546 
Mason & Barry}. 4,300 4,369 8,600 8,658 3,600 8,658 3,460) |} 3,515 8,729 3,789 
Sevilla ......... ; 810 | 823 800 813 1,200) 1,219 1,460) || 1,488 1,292 1,313 
Sweden ........... 545 554 480 488 520 528 450 457 450 457 
Turkey..... Seats iniaiel| Nis Cb a Gareete [ee sa esuletcd | oe tahatetenaetel le eexaaarees meaner | cries ele 2,304 2,341 1,639 1,665 
United Kingdom.. 555 564 640 650 637 » 647 765 7 600 610 
United States..... 223,825 | 227,420 | 239,241 | 243,069) 259,517 | 263,685] 270,588 |274,933 266,716 | 270,998 
Totals aarcers 406,069 } 412,818 | 434,330 | 441,284! 468,679 | 476,194! 487,993 496,819 523,162 | 582,148 


(a) The figures in this table are taken from the annual metal circular of Henry R. Merton & Co., except 
where returns have been received by THE MINERAL INpDustrRY direct from official sources. 


shaft on this mine was opened beyond the shore line, and after its abandonment 
the sea washed over and into the old workings and the chloridizing action of the 
sea water had full sway. The Cobar district of New South Wales presents many 
serious restraints to profitable copper working. The ores are so siliceous that 
direct smelting is impossible except at the Great Cobar mine. In concentrating, 
the losses are 50%, and when this loss is deducted from 3°5% Cu, the average 
copper content of the ore, and the scarcity of water, the heavy cost of shipping 
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the concentrates and smelting them elsewhere is taken into account, little profit 
remains. While the ores of the Great Cobar Copper Co. are of no higher grade 
than those of the rest of the district, the mixture of the gold-bearing ores from the 
exidized surface zone, and the lower sulphide ores make an almost ideal smelting 
mixture. If the Cobar Chesny mine could profitably concentrate its siliceous ores, 
it has millions of tons in sight, but their concentration at present with 50% losses, 
makes profitable working out of the question. The slump in copper compelled 
the closing of all but the Great Cobar mines during the latter part of 1901, and 
this mine is working with reduced forces only for the purpose of completing 
contracts made some years ago for future deliveries to America. ‘The Lloyd 
mine at Burraga is still working even with copper at its reduced price. This 
mine has now reached a depth of 1,750 ft., the width of the lode averages 5 it., 
with a face of ore 700 ft. long on the line of the lode. The mine produced 
21,000 tons of ore in 1901. A new plant was erected during the year at a cost 
of £32,000, and 500 men are employed. The new mining district near Bungen- 
dore, on the Goulburn-Cooma railway continues to look promising. The deepest 
shaft, 163 ft., follows a lode 25 ft. in width which assays 15% Cu. The Mount 
Fischer Proprietary Co. expects to erect a smelter on its property early in 1902. 
The lodes of this district run northward through slates and limestone, and appear 
to be true fissures. 

There were 3,061 tons of copper produced in Queensland during 1901, against 
384 tons of copper ore for 1900, a great increase of production due to the Mount 
Garnet, the Chillagoe Railway & Mines, Ltd., and the Einasleigh Freehold Cop- 
per Mines, Ltd. The Mount Garnet Freehold Copper & Silver Mining Co., Ltd., 
furnished an output of 1,462°3 tons of copper, and 311,586 oz. silver worth | 
£163,000 from 37,179 tons of ore during the year. The smelters of the Chillagoe 
Railway & Mines, Ltd., after treating 8,129 tons of ore for a yield of 367 tons 
of copper, 15,721 oz. silver, and 75 oz. gold, of a total money value of £23,792, 
were closed down. The Hinasleigh Freehold Copper Mines, Ltd., began to smelt 
its ores toward the close of the year, and treated 1,009 tons of ore for a yield 
of 104 tons of copper, and 1,330 oz. silver, of a total value of £6,600. Smelting 

operations were then suspended pending the completion of the tramway to the 
Chillagoe Railway. The Queensland Copper Co. acquired the Mount Perry and 
Ried’s Creek Copper and Gold Mining Co. during the year and prosecuted active 
work on the Mount Perry mine, unwatering the old shafts, erecting a 60 to 
80-ton water-jacketed smelting furnace, and connecting mine and works by a 
tramway. The production of the Normanby, Harpur’s Hill, and Great Freehold 
mines in the Mount Perry district, was treated at the Aldershot works. The J 
ores of Cloncurry were shipped to Wallaroo, South Australia, and as cost of 
transport is high, only the very rich ores could be shipped. The last consignment 
of 528 tons of ore forwarded in 1901 to the Wallaroo smelting works, by the 
Hampden Copper Mines, of Cloncurry, North Queensland, contained an average 
of 36:°5% Cu, and after deducting smelting charges yielded £10,624, an average 
of £20 2s. per ton. They are reported to have stacked up at the mines 4,967 
tons of second and third-class ores, containing gross values of £28,808. During 
the latter part of the year a new copper find was reported on the Malbion. Fifty 
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tons of ore lying on the surface were estimated to contain 40% copper. Reports 
from the. Walsh and Zinaroo mineral field for 1901, estimate copper rock pro- 
duced at 44,854 tons, with a yield of 2,369 tons of copper, valued at £150,978. 

The Mount Lyell Mining & Railway Co. is still the most prominent copper 
company in Tasmania. In addition to the South Tharsis property, it purchased 
the Royal Tharsis in 1901. Reports for the fiscal year ending June 30, 1901, for 
the various mines show the following: Mount Lyell Mining & Railway Oo. 
produced 9,243 tons of blister copper containing 9,132 tons fine copper; 619,734 
oz. Silver; and 22,911 oz. gold; the amount paid in dividends was £110,000, and 
a bonus of £13,750. The amount of ore treated at the reduction works for the 
quarter ending December 31, 1901, was 92,899 tons, from which 2,579 tons of 
copper, 160,102 oz. silver, and 5,002 oz. gold, the whole valued at £221,134, 
was produced. ‘The number of men employed in mines and on railway was 1,993. 
The North Lyell mine shipped to Kelly’s Basin 9,243 tons of ore, and to the Mount 
Lyell smelters 30,083 tons. This company is erecting a smelting plant at Crotty- 
ton, where a branch line connects the site selected with their permanent way. 
The Mount Lyell Blocks has completed the erection of the winding, electric, and 
compressing plant purchased from the Volunteer Gold Mining Co., at. Lefroy. 
The mine produces about 70 tons of ore per day. The Lyell Tharsis mine pro- 
duces about 60 tons of ore per day from open cutting and stoping. Systematic 
prospecting of the Birthday Copper Syndicate property on the coast about 20 
miles south of Marquarie Heads, has revealed promising copper lodes, and ex- 
tensive development of the property comprising 510 acres, will be made-by the 
company. 

Austria-Hungary.—The copper mines in Graslitz-Klingenthal, Bohemia, which 
were abandoned for 200 years, were re-opened in September, 1901. Considerable 
development work has been done, sinking straight shafts, making air connections 
with the old workings, and drifting and cross-cutting with the aid of machine 
drills. The ore lies in a formation of argillaceous slate from 12 to 15 ft. in width. 
The force of 80 men at present employed will be increased to from 1,500 to 1,600 
when the smelting and ore-handling machinery is erected early in 1902. The 
production of copper for 1900.amounted to 141 metric tons for Bosnia, and 9,890 
metric tons for Herzegovina. 

Bolivia.—The copper formation of this country now being extensively de- 
veloped at Corocoro, extends from Atacama, Chile, almost uninterruptedly 
through all the intermediary provinces to Corocoro, Bolivia, and thence northeast 
until it finally ends at Apolobama, in Peru, following the eastern chain of the 
Andes, as well as the spurs of that range. Harly in 1901 the Bolivian Co., 
organized by Sir Martin Conway, obtained important mining concessions from 
the Government for a consideration of one-third of the annual net profits of 
the company, and in July, 1901, a scientific expedition equipped for an absence 
of a year was dispatched into the interior. This concession lies between the 
crest of the Andes ‘and the great Amazonian plain, and between the rivers Kaka 
and Beni, and the river Pando or Tambopata, an area of over 10,000 square 
miles. During the fiscal year 1900-1901 the Government granted 1,172 permits 
for tin and copper mining, covering an area of 31,315 hectares, against 669 per- 
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mits covering an area of 15,295 hectares for the previous fiscal year. In 1900 
Bolivia exported through Antofagasta, Chile, 178 metric tons of copper ores, 
and 388 metric tons of silver and copper ore, besides 87 metric tons of copper 
smalls and 0°868 metric tons of pig copper, the total value of the fine copper con- 
tents exported for the year being placed at $451,000. 

Canada.—(By W. M. Brewer.)—The production of copper in British Columbia 
for 1901 was 40,951,196 lb., against 18,919,820 lb. for 1900, an increase of 
22,031,376 lb., due to the activity in Grand Forks and Kettle River mining di- 
visions of the Boundary Creek district. The ores of this district are mined by 
quarrying on the surface or on the pillar and stope method underground, by which 
it is practicable to open stopes from 40 to 125 ft. wide, and of the same length, 
with air drills giving a service of from 50 to 100 tons of ore per shift. The costs 
of mining have been reduced to $0°75 per ton, and at the British Columbia Cop- 
per Co.’s smelter the single furnace nominally rated at 300 tons of ore per 
day has averaged a burden of 367 tons for 11 months, and in December averaged 
425 tons per day, reducing the smelting costs for the year to less than $2 ‘per 
ton. This smelter at Greenwood was blown in on February 18, 1901, and treated 
during the year 117,565 tons of ore. The Granby Consolidated Copper Co., which 
owns and operates the Knob Hill and Old Iron Sides mines, treated 230,928 tons 
of ore in 1901 against 62,387 tons in 1900, the highest daily average of the two 
furnaces in blast being 633 tons. This company has increased its smelting facili- 
ties to 1,300 tons of ore per day instead of 650 tons in 1900, and has also installed 
a Bessemerizing plant of two stands of converters to produce blister copper from 
the 50% copper matte formerly shipped. The Le Roi Mining Co., Ltd., in the ° 
Rossland district, reports for the fiscal year ending June 30, 1901, a production 
of ore shipped to the Northport smelter of 202,583 tons of ore averaging $13°16 
per ton in value. The working costs were: $4°14 per ton, mining; $0°51 for 
freight ; $4°83 smelting charges ; $1-23 for shipping and refining the matte; total, 
$10-72 per ton. Average profit, $244 per ton. The average content of the ore 
was 1:33% Cu, 0°35 oz. gold, and 0°6 oz. silver per ton. Owing to a strike at 
the Northport smelter, lasting from July to October, 1901, shipments were not 
made during that time. The Le Roi No. 2 mine shipped to the smelter during the 
year, 24,689 tons of ore valued at $435,005 at a total cost for mining of $277,624. 
The ore averaged $9:18 per ton gold, $0°92 silver, and $7°55 copper. Costs per ton 
for stoping and loading on cars were $2°90 ; development, $0-125 ; machinery and 
plant, $0-15 ; surface work, $0°30 ; mine equipment, $0°10 ; freight and treatment, 
$6; reductions from gross metal values, $1:98 per ton; total, $11°56; 
leaving a net value per ton of $6°09. The mine has a capacity of 250 tons of 
ore daily. The Hall Mining & Smelting Co., in Nelson district, B. C., was run- 
ning during the year chiefly on custom ores, but in October, about 13,000 tons of 
ore from the Silver King mine owned by the company were treated for a yield of 
6°5% copper and 37°78 oz. silver per ton. Of the mines in the Southeast Kootenay 
district the North Star mine paid in dividends during 1901, $135,500, and the 
St. Eugene, at Moyie, $210,000. Nearly all the ore bodies in British Columbia 
are lenticular, and like those of Vancouver Island, the gold-copper ores are 
sulphides. The Boundary district ores, to a great extent pyrrhotite, and some 
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chalcopyrite, average $2 per ton in gold (though sometimes as high as $15), about 
2% Cu, and low silver values. Ores from the west coast of Vancouver Island are 
chalcopyrite, and vary from 4 to 16% Cu, about $2 gold, and run low in silver; 
_ the east coast ores are chalcopyrite and pyrrhotite in a quartz and heavy spar 
(baryta) gangue, and average $5 in gold, 6 to 8% Cu, and low silver values; 
_ the Texada ores, principally bornite, assay from $4 to $20 gold, about 5% Cu, 
and low in silver. Of the mines on Texada Island, the Marble Bay mineral claim 
shipped about 12,000 tons of ore during the year partly to the Van Anda smelter, 
and during the latter part of the year to Tacoma, Wash. The ores average 
from 0°24 oz. to 0-9 oz. gold, 5 oz. silver, and 7% Cu (dry assay). The Van Anda 
Copper & Gold Co.’s plant comprises a large wharf, warehouse, 125-ton smelter, 
sampling works, and assay office complete, and the company owns and operates 
the Copper Queen and Cornell mines; the ores average $25 per ton in value. 
Other mines on the island shipped small amounts of ore to the Van Anda smelter 
during the year. On Vancouver Island, the Monitor Mining Co. shipped, during 
the year 996 short tons of ore, carrying 174,261 lb. Cu. The Tyee Copper Co., of 
Mt. Sicker made extensive development work and some ore shipments to the 
Tacoma, Wash., smelter during the year. This company will erect a smelter 
at Ladysmith early in 1902, of sufficient capacity to handle its own product as well 
as custom ore. A Montana syndicate also will erect a smelter during 1902, at 
Osborne Bay, a short distance from the Tyee smelter. The Three Jays Copper 
Co., on Alberni Canal, has made shipments to the Tacoma smelter during 1901, 
and having completed the aérial tramway, bunkers, etc., has chartered steamship 
capacity for monthly shipments of 3,000 tons to the Tacoma smelter, during 1902. 
The increase in production of Ontario for 1901 was 9,074,000 against 6,728,000 
for 1900, the increase being due largely to the richer nickeliferous mattes shipped 
from the Sudbury district, although the non-nickeliferous mines on the north 
shore of Lake Huron also increased their output. The Westmoreland Copper Co., 
near Dorchester, New Brunswick, is reported to have expended over $240,000 on 
mines and reduction plant, which includes dynamos, furnaces, crushers, and a 
series of 80 precipitating tanks. It is alleged that the mine has been ‘developed 
to a depth of nearly 200 ft., and that the horizontal workings aggregate some 
7,000 ft. in extent. The 150-ton plant of the Intercolonial Copper Co., at Dor- 
chester, N. B., which was started in the latter part of the year, comprises crushers, 
roasting furnaces, and 50-ton leaching vats. The strong solutions from the sul- 
phuric acid leaching are passed through an electrolytic precipitating process, while 
the wash waters are precipitated on scrap iron. The trial run was satisfactory. 
The mine has nearly a mile of underground workings, and the ores consist of 
chalcocite and copper carbonates in sandstone. 

The Cape Breton Copper Co., at Coxheath, Nova Scotia, during 1901, continued 
development of its low-grade ore deposits, assaying 3% Cu, 0°09 oz. gold, and 4 oz. 
silver. Concentrating tests show concentrates assaying Cu, 9°9% ; Fe, 27°3%:; 
Si0,, 35% ; while the tailings contain 1% Cu. The Colonial Copper Co., at 
Cape d’Or made extensive developments on zones in the trap rock, which carry 
metallic copper. About 70 men are employed in summer and 15 men in winter. 
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The company expects to become a producer in 1902. The Copper Crown Mining 
Co. did a small amount of work during the summer of 1901. 

Chile-—(By W. E. Mathewson.)—The two large refineries at Guayacan and 
Lota produced their usual quota of Chile bars during 1901; the Guayacan re- 
finery may have increased its output somewhat on account of the heavy ship- 
ments of matte from the Panulcillo furnaces which ran well throughout the year. 
The Guayacan and Lota plants produce the bulk of the bar copper exported from 
Chile, which is shipped by nearly every steamer of the Pacific Steam Navigation 
Co. leaving Valparaiso for Great Britain. There were several smaller plants 
in operation during the year, notably at Huasco, Chanaral, La Serena, Antofa- 
gasta, and Gatico. At the plant of the Fundicion Templeman, in Antofagasta, 
several hundred tons of argentiferous copper bars was produced assaying about 
Y5 oz. silver per ton, all shipped to Great Britain, where this firm is interested 
in a refinery. At the Playa Blanca establishment of the American Smelting & 
Refining Co., near Antofagasta, 7,800 tons of argentiferous copper matte were 
produced, assaying 50% Cu and 390 oz. silver per ton, and shipped to their 
refinery at Perth Amboy, N. J. The low metal quotations at the close of the year 
together with the closing of the Playa Blanca plant seriously interfered with 
the mining of copper ores in the Province of Antofagasta. The bulk of the 
copper of that province is mined at Chuquicamata, a camp on the spur of the 
Antofagasta, Chile & Bolivia railway, about 267 km. from the port of 
Antofagasta. The mines are not yet very deep, 100 m. being the greatest depth 
attained. The surface ore is peculiar in that it is largely composed of the 
mineral atacamite, a volatile copper oxychloride. The output of the province 
was approximately 25,000 metric tons of an average assay of 13% copper. There 
were a few hundred tons of ore over 15% Cu shipped to Swansea, the balance 
being smelted locally. 


EXPORTS OF COPPER FROM CHILE AND BOLIVIA. 


1897. 1898. 1899. 1900. 1901. 


Quintals.} Fine. Quintals.| Fine. | Quintals,| Fine. Quintals.| Fine. | Quintals.| Fine. 


Bar copper 418,665) 418,665 448,585} 448,585 400,955} 400,955 442,174| 442,174) 526,950 | 526,950 
Copper regulus... 86,538] 42,661 81,141} 41,930 72,006} 32,949 105,172] 45,236] 136,489 62,245 
Copper ores 94,550} 20,786 824,919} 64.028 646,028} 118,193 439,406] 77,652) 486,858 90,630 


U Io) Sasenomin| lg acando adr 482,112 es | 552,097 565,062 


Nors.—The quintal is 101°5 lb. avoirdupois. 


China-—In the French Province of Yunnan, lying between the Red river of 
the south, the meridian of Haiphony on the east, and the Blue river, are extensive 
copper deposits which have been worked by the Chinese for over 1,000 years, 
to such extent, that the forests have been entirely cut off to provide charcoal 
for the crude metallurgical processes, and the production of copper to-day is 
nestricted by the lack of fuel. In the twelfth century the production of copper 
amounted to 6,000 tons, while to-day, it 1s not more than 1,500 tons. The ac- 
cessible beds of copper are mostly exhausted, but modern methods and deep 
mining would probably yield rich returns. The Government has authorized the 
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construction of a railway from Lao-Kay to Yunnan-Sen, a distance of about 291 
miles, and has ceded the operation of the 239 miles of railway already completed 
from Haiphony to Lao-Kay for 75 years, the contractor to assume the expenses 
of the whole, and share the profits with the Government. The working and build- 
ing capital of the contractor amounts to $19,493,000. Besides the copper mines, 
the completion of this railway will cnen up extensive deposits of mercury, tin, 
and coal. 

Cuba.—There are a number of abandoned mines in Santa Clara province, 
some of which are near railway points. Among them are Mina San Juan de la 
Malaja, 6 miles N.E. of Santa Clara City, the district about Finca San Joaquin, 
about 30 miles N.E. of Cienfuegos; Mina Santa Rosa, 2°5 miles further east; 
prospects a few miles west of Cumanayagua; in the northern portion of the 
district of Trinidad; and there are three prospects near Sancti Spiritus. 

Mina San Juan de la Malaja shows on surface a “blow out’? 100 ft. across 
which is composed of yellow iron oxides, hematite, considerable quartz, and some 
copper carbonate. Sufficient depth has not been attained to determine whether 
or not there are sulphides beneath the gossan. The strike of the Mina Santa Rosa 
vein is N.45°W., and it dips steeply to the N.E. The footwall of the vein is com- 
posed of feldspathic rock, and the vein is 10 ft. wide, iron stained, and contains 
copper carbonate ores, iron pyrite, and chalcopyrite. The Finca San Joaquin 
district appears to be the only one which shipped to any extent. In 1856, 480 
tons were shipped to Swansea, Wales, and 300 tons to the United States, the ores 
averaging 17% copper, with a total value of $12,000. In 1868, 3,253 tons were 
shipped to Swansea, Wales, for which £54,446 was received; the average copper 
content was 19°7%. The mines were last worked from 1882 to 1885, and were 
then abandoned on account of the revolution. ‘The Mina San Fernando vein is 
in diorite-porphyry; the lodes are nearly vertical, and the gossan consists of 
iron oxide and quartz, with occasionally a good deal of blende. The copper ores 
are massive or decomposed azurites, red and black oxides, and purple and yellow 
sulphurets. At one point the lode measures 30 ft. in width. An analysis of a 
sample of sulphide ore yielded 8°36% Cu, 57:34% Fe, 0°15 oz. gold, 4°7 oz. 
silver per ton, and a trace of lead. The Mina San José vein consists of quartz 
in diorite porphyry, the ores are sulphides, and the mine waters contain a large 
percentage of copper. 

Dutch East Indies —The Pagoeat Co. is slowly developing a copper property 
comprising a vein of chalcopyrite and chalcocite ores which is 1°3 m. in width and 
carrying 10% Cu. The country is dioritic slate and the mineral is in a quartzose 
gangue. The Bone Co. claim to have an immense deposit of ore carrying 5% Cu. 
They propose to exploit the north coast of the island, which is called the “Gold 
coast of Celebes.”’ 

Italy —The Etruscan Copper Estates at Campiglia, 2 miles from the railway 
station of San Vincenzo, made some explorations of its copper mines during 1901. 
These ancient mines have been variously reported on by different experts. It is 
doubtful if any extensive development of the copper mines will be attempted 
during 1902. The Etruscan Co. has however. begun the erection of a reducing 
plant for their zinc-lead ores, which are found near their copper deposits. . The 


196 THE MINERAL INDUSTRY. 


Libiola Copper Mining Co., Ltd., reports for the year ending December 31, 1901, 
a net profit of £6,095, from which £3,780 dividends were paid, leaving a balance 
of £2,831. A final dividend amounting to £2,520, payable in 1902, was recom- 
mended; 900 yd. of ground were opened up, and 5,229 tons of copper ore aver- 
aging 3°746% Ou, and 22,868 tons of pyrites averaging 47%.S, were mined in 
1901, against 5,700 tons of ore averaging 4°427% Cu and 26,211 tons of pyrites 
averaging 47% S, in 1900. 

Japan.—For several years past the output of Japan has increased steadily 
by small margins and now exceeds 25,000 metric tons annually, being about on 
a parity with that of Chile. The number of producing properties is large, but 
more than 60% of the total product is contributed by the following mines, ar- 
ranged in the order of their importance: Ashio mine, in Shimotsuke ; Besshi 
mine, in Iyo; Ani and Arakawa mines, in Ugo; Osarusawa mine, in Rikuchu; 
Kusakura mines, in Echigo; and Ogoya mine, in Kaga. The Ashio mine which 
produces about 6,000 metric tons annually is located some 15 miles 8.W. of Nikko, 
and is said to have been worked for a period of more than 300 years. The ore 
deposits consist of quartz and chalcopyrite veins inclosed between an eruptive 
rock of liparitic character and hard slate. It is said that the average content of 
the dressed ore is 15% Cu, while some of the richer material runs as high as 
30%. The principal vein averages 12 ft. in width and has been followed in the 
workings for about two miles. As the deposits are located on the side of a 
mountain, they are opened by adits; recently, however, the construction of a shaft 
bas been undertaken which will be used to exploit one of the smaller veins. The 
equipment of the mines is modern throughout and includes electric motors for 
haulage and electric hoists and pumps. Power is supplied from an hydraulic 
plant which contains four Pelton wheels and two turbines, developing altogether 
450-H.P. 

Mewico.—The plant and mines of the Rio Tinto Mexicana Co., a short dis- 
tance from Chihuahua, formerly owned by an English syndicate which is reported 
tc have spent over $1,000,000 on the property without profitable recovery of the 
values in the ores, has been purchased from it at a cost of $25,000 Mexican, 
reconstructed and improved at an expense of $92,000 Mexican, and during the 
first 14 months of its operation earned the entire cost of plant and mine. As the 
slags under the English management ran upward of 2% Cu, some idea of the 
cause of former unprofitable working may be had. The mines of the Jimulco Co., 
situated about 75 miles south of La Descubridora mines, State of Coahuila, were 
reported to be in bonanza copper rock during the latter part of 1901. The 
Descubridora Mining & Smelting Co., in the State of Durango will complete the 
erection of its new electrical machinery for mines and smelter early in 1902. 
A company controlled by Pittsburg interests is erecting a 50-ton smelter near 
Hloro, Durango, which will use hot air in smelting for copper matte carrying 
gold. El Progreso Copper Mining Co. has been operating the mines in Jalisco 
during the year and considerable development work has been reported. The Santa 
Emilia Copper Co. constructed a 50-ton concentrating plant at its mines near 
Coapa, State of Michoacan, and the product is shipped to the Monterey smelters. 
La Mina de California Co., of the Guaymas district, State of Sonora, was organ- 
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ized during the year, with a capital stock of $1,000,000 to operate 20 pertinacias 
of copper property, situated 3 miles north of the Yaqui river and 3 miles from 
the town of Cumuripa. The assays are said to average $93 per ton in value, and 
the company is reported to be erecting a smelter. 

The fuel gas plant of the Moctezuma Copper Co., at Nacosari, consists of two 
sets of two fire-brick lined generators, each 9 ft. 6 in. diameter by 15 ft. high, with 
a waste heat, vertical, multitubular boiler, scrubber, and Root’s exhauster. By 
altering the exhaust speed the quantity of gas required for the varying power 
demands is secured. The producer and water gas are stored in separate gas 
holders and mixed later in fixed proportions. Each set of generators is in 
operation every other week, and develops 1,000-brake H.P. per hour in eight 
Crossly, four cycle gas engines rated at 110 H.P. at 200 revolutions per minute, 
which, in turn, operate eight 65 kw. 260-volt (shunt-wound, for protection against 
lapses in the gas engines), direct-current, General Electric generators, with a nor- 
mal speed of 910 revolutions per minute. The consumption of New Mexican 
bituminous coal (containing 20% ash) is 1°5 lb. per brake H.P. per hour; with 
wood (scrub oak, etc.), about 3 lb. for the same unit. All of the ore (averaging 
76% SiO,) is concentrated in a mill built in two sections, side by side, which 
contain the following machinery: two Blake crushers, two sets roughing rolls, 
one set finishing rolls (in common use by the two mills), 12 revolving screens, 
24 Hartz jigs, two sets of 54X8-in. rolls, 5 Huntington mills, 24 six-ft. van- 
ners, with smooth belts, and four with corrugated belts, and 10 Bartlett tables. 
The saving effected is 90% of the gross contents of the ore. Of the coarse 
concentrates 40% go direct to the smelter, and 60% are briquetted with 5% 
of clay. The two elliptical Copper-Queen-type, wrought-iron smelting jackets, 
measure 42130 in. cross-section. The smelting charge consists of coarse con- 
centrates, converter and foul slag, cale spar, and “green” and flue-dust briquettes. 
The matte and slag flow into a tilting well, from which the latter runs continu- 
ously to waste, while the former is poured by tilting the well and flows thence 
by gravity to the two stands of trough-shaped converters, measuring 6 ft. 8 in. 
diameter by 9 ft. length, each. The converter-lining is lean gold and silver-bear- 
ing quartz, which is consumed by the low-grade matte at the rate of 1 ton per 
ton of copper produced. The converter and stack fumes, are partially recovered: 
from an 8-ft. horizontal steel flue, by a conveyor, and further, from an inclined 
brick flue 750 ft. long, which empties at the top of the hill into a 70-ft. brick 
chimney. The production of fine copper during 1901 was 8,614,161 pounds. 

The Greene Consolidated Copper Co., of La Cananea, Sonora, produced during 
1901, 13,854,170 lb. of fine copper. This company’s first copper furnace was 
“blown in” in December, 1900, the second furnace early in 1901, the third and 
fourth in October and December, 1901, respectively, and Nos. 5 and 6 were 
“blown in” early in 1902. The production of copper matte for the first four 
months of 1902 was 11,758,072 lb. ; with silver, 114,426 oz. Before the middle of 
1902 the new converter plant with a capacity per month of 6,000,000 lb. of copper 
matte, from six stands of converters, is expected to be in operation. The following 
detailed cost table will show expenses of copper production during 1901: Cost of 
mining, $0-91 per ton of ore; cost of smelting to matte, $2°14 per ton; hauling 
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from mines to smelter, $0°15; total, $3°20 per ton of ore. As the copper content 
of the ore averages 159 lb. per ton, the cost per lb. copper produced is $0-0201. 
The matte shipped contains 1,000 lb. copper per net ton, and the freight to New 
York is $12 per ton or $0:012 per lb. of copper contained ; Bessemerizing costs 
$5 per ton, or $0-005 per lb. copper; selling commissions $0°005 per lb.; refining 
$0:0025 a pound, making a total cost of $0°0446 per lb. of copper. The 250-ton 
copper smelting furnace of the Copete & Melczer Mining Co., of Ures, State of 
Sonora, was put into operation in May, 1901, and it is reported that later in the 
year the construction of a concentrating plant was begun. 

Newfoundland.—The Cape Copper Co., Ltd., at Tilt Cove, according to its 
report for the fiscal year ending August 31, 1901, produced at a gross profit: of 
£60,591 which netted £47,909. During the year the East mine produced 54,253 
tons of ore, averaging 3°28% Cu. The new South lode produced 10,268 tons of 
ore, averaging 4°27% Cu by wet assay, and the West lode 3,593 tons. During 
the year 78,089 tons of ore were shipped from Tilt Cove. The output of the Hast 
mine was distributed as follows: 33,922 tons sent to New York and 40,376 tons 
to Swansea, Wales. 

Norway.—The Sulitjelma Copper Works, near Bodo, the largest in Norway, 
employed nearly 800 men and produced in 1899 about 40,000 tons of copper 
ores and pyrites. The mine has been considerably developed during 1900 and 
a much larger output is anticipated. The Lyngen Copper Works east of Tromso 
is now connected by an aérial tramway with the Kaafjord valley and during 1900 
produced 17,500 tons of raw ore which was subsequently concentrated. ‘The 
copper deposits at the mine were only discovered in 1897, and have not yet been 
fully developed. The Killingdal mines produced 17,700 tons of ore in 1900 
against 21,194 tons in 1899; the Drogset mine, at Meldalen, produced 2,718 tons 
pyrites containing copper, and the Ytterden mine 1,300 tons pyrites. In addition 
to the above the mines at Alten, in Finmarken, the Bosmo pyrites mine, and the 
Roroés, near Trohdhjem, employing 600 men, all contributed to the copper pro-- 
duction of Norway. <A 50-ton Elmore process concentrating mill is working in 
Norway on ores containing iron and copper pyrites, and carrying value in gold. 
The ore is delivered to three batteries of five stamps, with screens of 20-mesh, 
which deliver to three McDermott “sizers” or submerged screens of 30-mesh. 
The coarse material goes to a Wilfley table, and the fines from the screens are 
treated on 3 six-foot Frue vanners, the tailings of which pass through the oil- 
process plant, consisting of two units of three mixing cylinders each. 

Peru.—An extension of the Central Railway now completed from the seaport 
of Callao to Aroya, is projected to Cerro de Pasco, a distance of about 75 miles, 
which would cost about $3,000,000 because of the great difference in altitude 
(Callao at sea level and Cerro de Pasco at an elevation of 14,300 ft.; total dis- 
tance by survey 214 miles). The proposed charge of $12 per ton freight from 
Cerro de Pasco to Aroya, against $34 to $39 the present charge for transportation 
on the backs of llamas should net a handsome profit to the enterprise. In 1900 
about 12,000 tons of copper ores carrying 30 to 35% copper, and 4,800 tons of 
copper matte were shipped for export from Cerro de Pasco, a tonnage which could 
be largely increased with railway facilities. he Cerro de Pasco district is about 
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1 mile square, and the ore deposits are reported to be practically inexhaustible. 
Of the 576 mines of the district, 480 are owned by a mining company in which 
J. B. Haggin is the largest stockholder. It is reported that this mining company 
is erecting smelting furnaces of the capacity of 1,000 tons of ore per 24 hours, 
and a converter plant. 

A local syndicate capitalized at $600,000 in Lima, Peru, has undertaken the 
completion of the Rumiallana tunnel, abandoned 20 years ago with but 900 ft. 
penetrated, of the total of 9,000 ft. for the purpose of draining the mines of the 
Cerro de Pasco district. This syndicate is said to have contracted with various 
mines as follows: 50% of all the ores removed from the cuts and drifts along the 
route of the tunnel are to be the perquisite of the syndicate, while the mine owners 
are to give to the syndicate 20% of their total ore mined in consideration of the 
drainage of their properties. Should the individual owners wish to lease their 
entire workings to the syndicate, the latter are to assume all expenses of operation 
and account to the individual owners for 40% of the total ore removed by such 
operation. The Haggin Mining Co., however, denies the validity of such tunnel 
concession so far as its mines are concerned. It is reported that a syndicate is 
being formed to operate the rich copper mines in the Yauli district, 120 miles 
from Callao, at 13,400 ft. above sea-level. These mines are near a station of the 
Trans-Andine Railway, begun some 25 years go. . 

Philippine Islands.—Extensive copper deposits are reported on the Island of 
Mindanao, in the region inhabited by the Moros, who have crudely worked these 
ceposits for years. The Chinese and Philippine miners pound the ore to crumbs 
cn anvil-shaped pieces of metal, the smaller pieces are then run through rolls. 
These rolls are stone or iron, in some cases, and disc form in others, and are: 
turned around by water-buffalo power. Large furnaces for intensely heating the: 
rock to soften it for crushing are found, and several smelting furnaces are in 
operation, the most successful ones owned by Germans. One German concern. 
gets a plentiful supply of excellent native miners for a few cents per day each. 
Both gold and silver as well as copper, are found in Mindanao. 

Russia.—In the provinces of Semipaletinsk, Okmolinsk, and Karkaralinsk, in: 
Siberia, important. deposits of copper are being worked. These copper ores. con-. 
tain but little gold and silver. Nearly 600 licenses have been issued by the 
Government for the operation of the coal and copper mines of these: provinces. 
The Russian production of copper for the year 1899 was 7,323: metric tons: 
(447,082 poods), against an importation for the same year of: 11,957 metric: 
tons (730,000 poods), while in 1900 the production is estimated at 8,128 metric: 
tons. 

South Africa.—The report of the Cape Copper Co. for the year ending April! 
30, 1901, for South Africa, and August 31, 1901, for London and Newfoundland}, 
shows a credit balance of £444,629, which includes £195,734 from the previous: 
year. Of this, £11,191 was paid for income tax and £258,750 for dividends : 
£10,000 to sinking fund, leaving £164,688 to be carried forward, out of which 
a final 8s. dividend is to be paid January 1, 1902. During the year at the Ookiep 
mine 19,174 dry tons of ore and 2,521 tons of slimes assaying 10% eopper were 
treated. The Nabaheep mine furnished 17,272 long tons of ore of 641% copper 
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wet assay. ‘The entire output of the two mines was treated at the local smelting 
works. At the Spectakel mine 439 dry tons were raised and at the Narrap and 
Trial mines satisfactory progress has been made. The Johannesburg Consoli- 
dated Investment Corporation, capitalized at 3,000,000 marks, has leased through 
Goerz & Co. the copper mining rights to the 16,800 square miles of terri- 
tory owned by the German Colonial Co. in German Southwest Africa. This terri- 
tory is bounded on the north and south by the Swakop and Knisib rivers, respec- 
tively, on the west by the English territory of Walfish Bay, and on the east by the 
sixteenth degree of longitude east of Greenwich. ‘The Colonial Co. is to re- 
ceive a bonus of £30,000, and 2:25% of the gross annual revenue from the 
mines. The copper deposits in question are reported to be very extensive and 
of great value. The asbestos and graphite deposits in the same territory have been 
leased to another syndicate capitalized at 80,000 marks. The Consolidated African 
Copper Trust, capitalized at $3,000,000, has been organized to work the large 
deposits of copper which are reported to have been discovered in Rhodesia. It is 
said that the De Beers Co. and the Consolidated Goldfields of South Africa are 
interested in the new concern. 

Spain.—The new smelting plant of the Rio Tinto Co., Ltd., strictly American 
in design and.furnaces, was put into operation in January, 1902. The plant con- 
sists of two water-jacketed furnaces, each 16042 in. at the tuyeres, with fore- 
hearths, 12 ft. in diameter, and 4 ft. deep, for the separation of matte and slag; 
and two No. 8 Connellsville blowers. The six 7-ton Bessemer converters (in two 
stands of three each) are of the trough type, 80 in. diameter by 120 in. long. 
The charge to the shaft furnaces consists at present of low-grade precipitates 
(55% Cu), high-grade pyrite ores (55% Cu), and sufficient quartzose pyrite ore 
(2 to 8% Cu, and 30 to 90% SiO,, balance pyrite) to yield a slag of about 
87% SiO,. Five hundred tons of material (excluding the Welsh coke) are 
treated daily. Complete separation of the matte is prevented by the high density 
of the ferrous-silicate slag, and from 0°5 to 0°65% Cu remains in the slag. Of 
the three grades of precipitates produced containing 93%, 85%, and 55% Cu, 
respectively, the first two grades are shipped to Cwmavon, and the last 55% with 
its 3 to 4% arsenic, graphite and silica, is smelted with the ores in the blast 
furnaces to produce 50% matte. The highly siliceous quartzose ores are used for 
converter lining. The converter bars containing small amounts of silver and gold 
beside the copper are shipped to Cwmavon, Wales, for refining. The efficiency of 
precipitation of the Rio Tinto Co.’s leaching process amounts to a consumption 
of but 1-2 lb. of iron for each pound of fine copper produced. The Rio Tinto 
Co., Ltd., during 1901, realized on sales of copper and other items, including 
balance carried forward from 1900, a total of £1,505,692. Of this sum the fol- 
lowing amounts were set aside: For the redemption of the 4% bonds, £65,800 ; 
plant out of use and charged off, £78,454; coal exploration, £10,000; deprecia- 
tion of securities, £8,500; credited to reserve fund, £40,000 ; credited to provident 
fund, £4,000; total, £206,754. Out of the balance, amounting to £1,279,250, 
interim dividends of 2s. 6d. on the preference shares, less income tax (total, 
£38,424), and 35s. on the ordinary shares, free of income tax (total, £568,750), 
were paid, and dividends of 2s. 6d. on the preference shares (total, £38,255), 
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and 3%s. 6d. on the ordinary shares (total, £609,375) were recommended, leaving 
a balance of £24,445 to be carried forward to 1902 revenue account. The total 
quantity of ore extracted during 1901 was 1,928,776 tons with an average copper 
content of 2°627%. The pyrites ore invoiced to consumers in England, Germany, 
and the United States amounting to 641,935 tons, contained 14,248 tons of cop- 
per, which, with the 21,100 tons extracted at the mines, made a total output for 
the year of 35,348 tons of copper. It was estimated that the reserve heaps at 
the mines contained 136,457 tons of fine copper, while the stocks at the company’s 
works at Cwmavon, consisting of refined copper, copper in process, in precipitates 
and in matte, amounted to 6,062 tons. The Tharsis Sulphur & Copper Co., Ltd., 
reports for 1901 a total extraction of mineral from its Tharsis, Lagunazo, and 
Calafias mines of 732,389 tons against 770,995 tons in 1900, a decrease of 38,606 
tons during the year. Calafias increased its production during the year by 
29,970 tons, while Tharsis and Lagunazo fell off 68,576 tons owing to the almost 
complete exhaustion of the copper ores in these two mines. There still remains 
a quantity of ore carrying 49% of sulphur, but very small values in copper, from 
which the company hopes to derive some profit in future years. The exported 
ore amounted to 424,434 tons, while 307,955 tons were treated locally, from 
which the Metal works recovered 7,427 tons of fine copper as against 7,967 tons 
in 1900, a decrease of 540 tons due to lesser copper content of the ores as well 
as to smaller amount of ore treated. Total profits were £335,867, of which 
£42,081 was charged off to profit and loss account, £250,000 paid out as a 20% 
dividend, and £43,786 carried forward. Among other copper mines of Spain 
which are producers now or will shortly become so are the Escurial, Escurial Ex- 
tended, La Recompensa, Huercal, and Coruna mines. 

Turkey.—Rich copper mines, near Arghana Maden, which are owned by the 
Government, produce annually about 1,500 metric tons of ore, which is shipped 
through Alexandria to Great Britain. The ores are so rich that they are easily 
concentrated to 80% matte in one smelting operation. The copper mines at 
Tokat, and those near Dede Agatch are of smaller extent, and the ores are refrac- 
tory. The Espie Bay Mines Development Syndicate, Ltd., of England, is oper- 
ating the copper mines near Tereboli. The long abandoned Maaden-Keni copper 
mines near Baibourt on the Trebizond road, were re-opened under Greek manageé- 
ment during 1901, and about 3,750 lb. of copper per month was extracted, 
amounting to a total production for 1901 of over 22 tons valued at £1,600, all 
of which was exported to Russia. 


THE Copper MARKETS IN 1901. 


New York.—The course of the copper market during the year 1901 was fol- 
lowed with marked attention, not only by those directly or indirectly interested 
in the production and consumption of the metal, but also by the public at large. 
For the first time in years, the exigencies of the stock market had to be taken 
into consideration in trying to form opinions on the probable course of copper, 
although in the end, it is the inviolable law of supply and demand which governs 
the price of this as well as any other staple article. 

Business in this country was. very satisfactory, and the industries consuming 


202 THE MINERAL INDUSTRY. 


copper had their full share of activity. Both the wire and brass mills were very 
busy throughout the year, and while prices for the former product ruled com- 
paratively low, those for the latter were well maintained, owing to the elimina- 
tion of some sharp competition by the formation of the American Brass Co., 
which controls a large number of well equipped mills throughout the country. 
The railroads called for heavy quantities of the metal for use in the construction 
of locomotives and cars, and large orders were placed by shipbuilding firms for 
use in the construction of vessels for the Government and the merchant marine. 
The main increase in consumption, however, came from the electrical industry. 

The consumption of sulphate of copper was satisfactory, and though the pro- 
duction is large, the stocks which were carried forward after rather a busy 
season, are not expected to last very long. 

Exports during the year under review showed a marked decrease. In 1900 
shipments to European ports amounted to two-thirds of the production; in 1901 
to about one-third. The falling off in exports is due to the depressed condition 
of business in Europe, caused in England by the South-African war, and on 
the Continent by over-speculation. Naturally, new enterprises in which copper 
is required were suspended, and the result was a lessened demand on the part 
of the manufacturers. Aside from this, the disparity between foreign and domes- 
tic markets has led to a heavy increase in importations. The decrease in business 
in Europe was intensified by the reluctance on the part of manufacturers on this 
side to lay in stocks under present conditions. While thus consumers are prac- 
tically bare of supplies, there is no doubt that the leading producing interests, 
have been forced to carry the available stocks, which at the end of the year were 
variously estimated at from 150,000,000 to 250,000,000 Ib. 

The Amalgamated Copper Co., whose policy influences the market to a 
great extent, raised its capital from $80,000,000 to $155,000,000, for the purpose 
of acquiring the outstanding capital stock of the Boston & Montana Mining Co. 
and the Butte & Boston Co. It now controls about one-fifth of the world’s 
production of copper. Negotiations were at one time under way with the object 
of having the principal producers join in a movement to restrict production. It 
is questionable if in the long run the disadvantages resulting from such a measure 
would not outweigh the advantages. 

The year opened with Lake copper selling at 16-‘7o@1%c. ; electrolytic copper 
at 16°25@16°375c.; casting copper at 16c. Business was rather dull, but im- 
proved during February, and a large demand sprang up for quick shipment. 
While Lake copper remained practically unchanged at 17c., electrolytic copper ad- 
vanced to 16:5c. by the end of April. Consumption in this country during the 
summer months was very heavy, and aided by a fair demand from Europe values 
were easily maintained. It was not until the end of July that prices commenced 
to sag, mainly owing to the fact that consumers restricted their purchases to 
early deliveries. The ruling quotations in September were 16:5c. for Lake, 16-25e. 
for electrolytic, and 15-75c. for casting copper. In the meantime, the speculative 
market in London showed signs of weakness and the reports regarding the state 
of business in Europe were of a most discouraging nature. Exports of refined cop- 
per fell off to an alarming extent, while imports continued to increase, and rumors 
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were put into circulation, according to which the leading producing interests were 

carrying extraordinarily large stocks. The market recovered from the consequent 
depression and values kept fairly steady throughout October and November, but it 
soon became apparent that the Amalgamated Copper Co., which for such a long 
time had upheld quotations by asking 17c. for Lake and 16°25c. for electrolytic 
copper, would by force of circumstances be obliged to meet the market. Europe 
did not send any orders whatsoever ; exports were alarmingly small; copper shares 
on all the exchanges were depressed and stocks continued to accumulate. A sale of 
a round quantity on private terms, carrying with it as it seems a guarantee of 
price, was reported at the end of November only to be followed by an open cut of 
about 1°25c., thus reducing the quotations to 15°375c. for Lake and 15c. for 
electrolytic copper. This was followed by a cut to 14c. for Lake, 13°875c. for 
electrolytic, and 13c. for casting copper, and another one to 13c. for Lake copper, 
12°875c. for electrolytic, and 12°5c. for casting copper. These prices were freely 
met by the outsiders, but, naturally, the market was utterly demoralized and busi- 
ness practically at a standstill, consumers preferring to await further develop- 
ments. The quotations at the end of the year were 12@12°5c. for Lake, 11°75@ 
12¢. for electrolytic, and 11°5@12c. for casting copper. 


AVERAGE MONTHLY PRICES OF LAKE COPPER IN NEW YORK. 


Year. Jan. | Feb. | Mar. | April |May.|June.| July.| Aug. |Sept.| Oct. | Nov. | Dec. | Year 

Cts. | Cts. | Cts. | Cts. | Cts.| Cts. | Cts.] Cts. | Cts. | Cts. ts. | Cts. | Cts. 

LOOMS siisaccnsanewsesahrrooee 11°75) 11°92) 11°80] 11°48] 11°03} 11°11] 11°14] 11°16] 11°80} 11°13} 10°86] 10°78)11°29 
UB G Se rcrteten tcrcteaisiereletosaietare sins 10°99] 11°28] 11°98} 12°14] 12°00] 11°89} 11°63] 11°89] 12°31] 12°41) 12°86] 12°93)12°038 
TSO ORR aia s ax.tchivsieretetaeseetctots oirieists » 14°75] 18:00} 17°54) 18°43] 18°25} 17°93] 18°83] 18°50} 18°46] 17°76} 16°93) 16°40]17°61 
OOO aesraiatetes sicteterereielelanel ciate sieincoens 16°33] 16°08] 16°55} 16°94} 16°55) 16°00] 16°16] 16°58] 16°69] 16°64} 16°80} 16°88)16°52 
VOOM asi aiateralouteteisisieioreictvisreiielnte’s 16°77| 16°90] 16°94) 16°94] 16°94) 16°90] 16°51) 16°50} 16°54] 16°60} 16°63) 14°39]16°55 


AVERAGE MONTHLY PRICES OF ELECTROLYTIC COPPER IN NEW YORK. 


| 
Year. Jan. | Feb. | Mar. |April | May. |June.| July.| Aug. | Sept.| Oct. | Nov. 


Dec. | Year. 
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London.—January opened with a visible supply of 28,860 tons, compared with 
22,817 tons at the commencement of 1900, and with standard copper at about 
£73 spot and £73 12s. 6d. three months. Owing to the increase of the Bank of 
England rate of discount to 5% and to the apparent indifference of the 
American manipulators, values soon became easy and touched £70 12s. 6d. and 
£71 5s. for the above-named prompts. Consumption during this period was good, 
but purchases were made only for immediate needs. February commenced with 
the visible supply at only 152 tons above the previous month’s, but prices eased 
off a. shade owing to realizations and a want of speculative interest. On the 
resumption of buying by parties identified with the Amalgamated Co. there was a 
slight improvement to £71 15s. cash and £72 7s. 6d. three months, but some “bear” 
selling soon pushed the prices back about 10s. per ton. There was rather better de- 
mand from consumers, and the English Government also bought fair lines for 
stock, March started with the visible supply at 28,995 tons, against 28,904 tons at 
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the end of January, and after £71 5s. was done for cash and £71 15s. for three 
months, dullness again became apparent, and prices were allowed to drift to 
£67 10s. cash and £68 three months. There was no sign of reaction until the 
middle of the month, when the statistics showed a substantial decrease and this 
caused a rally to £69 10s. and £70. Consumers bought freely at the decline, more 
particularly on the Continent. April witnessed a better speculative feeling, in- 
duced by the strength of the share market in America and the intervention of 
American supporters in the metal market. Prices steadily rose until cash touched 
£71 and three months £71 10s., but just at the end of the month there was a 
sudden break to £69 10s. and £70, respectively. Trade with manufacturers was 
good and they bought freely in all kinds of copper. The War Office and Ad- 
miralty also purchased largely, with the result that at the beginning of May there 
was a better tone prevailing and the market improved to £70 10s. for early de- 
livery and £71 for forward. At this time the Amalgamated Co. and other large 
producers were offering Lake and electrolytic copper at reduced prices, and most 
of the chief consumers were speedily filled up. The American railway share 
market also had a shake up at this time, causing a reaction in the standard market, 
prices declining to £69 spot and £69 10s. for later deliveries. June statistics 
gave 27,231 tons as the visible supply, but the standard market entered into a 
‘period of inactivity and business became a matter of mere jobbing between 
insiders; values consequently underwent but very little change, the whole of the 
fluctuations being covered by 20s. per ton. Trade with consumers was quiet, 
the chief demand being for copper suitable for electrical and ammunition work. 
Tough was also scarce owing to the firm attitude adopted by the principal pro- 
ducers. July opened with a dull outlook, the figures giving a slight increase in 
the world’s supply of copper. Standard, after commencing at £68 cash, fell away 
to £67, three months’ metal offering at 10s. advance. American operators gave 
some support at this level and caused an improvement of about 30s. per ton, but 
this was partially lost before the end of the month, when the closing rates were 
£67 10s. cash and £67 17s. 6d. forward. Trade remained quiet and consumers 
were only buying on a limited scale. 

August began with the stock at 27,395 tons, but the metal trade was greatly 
disturbed by the strike in America among the iron workers and many people took 
fright and sold copper freely, causing a rapid decline to £65 5s. cash and 
£65 12s 6d. forward. This level was touched about the middle of the month’ 
and reports then spread of further arrangements with the Amalgamated and 
other large producers ; in fact, it was suggested that a giant copper trust was to be 
formed which would embrace all the largest producers of the world. The rumor 
was good enough to give speculation a fillip and values speedily recovered to about 
£67 10s. cash and £67 15s. three months. One of the largest of the European 
outside producers gave an absolute denial to the report and profit taking soon 
ensued, causing a setback to £66 10s. and £67. The advance in standard gave 
users of copper more courage and they- bought rather freely. It was also stated 
that some of the larger mines in America were shut down for a time. September 
opened with a substantial shrinkage in the visible supply, which stood at 25,821 
tons, being a reduction of over 1,500 tons on the month. These figures were 
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responsible for a rise to £67 10s. cash and £68 three months, but the receipt of 
the news of the dastardly attempt on the late American President’s life was a 
disturbing factor, and this market, in sympathy with ail others, experienced a 
relapse. Reports then arrived from America predicting an early reduction in 
price by the Amalgamated Co., and this naturally caused uneasiness among 
speculators and a want of confidence with consumers. The stock markets in 
America and in Paris and London quickly gave way to a state bordering on 
panic, the result being that standard quickly descended to £60 10s. cash. The 
Amalgamated then publicly announced that they were not going to cut their 
price, and there was a sharp recovery to £63 5s. cash, £63 12s. 6d. three months, 
at which the market closed. Demand for consumption up to the time of the pub- 
lication of the above recorded unfavorable rumors was good, but naturally felf 
off very materially toward the end of the month. October figures showed a further 
shrinkage in stocks which stood at 24,765 tons, and values of standard continued 
to improve until £65 was touched for cash. Renewed selling, based on share 
movements, then caused a decline to £63, but smelters bought good lines of stand- 
ard to convert into refined, and an improvement was again made to the region’ 
of £65 10s. The dealings were on a large scale and fluctuations were violent. 
Prices dipped again as low as £62 5s. cash, and £61 5s. three months, only tto 
be followed by an advance to £65 and £64, respectively. November commenced 
with a large decrease of nearly 4,000 tons in the visible supply and values were 
strong in the neighborhood of £66 cash and £65 forward, and remained so until 
just at the close of the month, when a decided raid on forward metal was com- 
menced by one firm who threw large lines of forward metal on the market, much 
to the bewilderment of the whole of the operators. Sales were_so persistent 
and of such magnitude that we witnessed a time more exciting than has been seen 
since the break up of the French syndicate. December proved to be the most 
exciting month of the whole year, commencing with renewed aggressive selling 
on behalf of a prominent dealer, who in the best informed circles was supposed 
to be selling on behalf of the Amalgamated crowd, and this hammering continued 
practically throughout the month with only a few days’ intermission, but im- 
mediately values showed any signs of steadying a further onslaught was notice- 
able. Reports from America as to continued reduction in the United Metals 
Selling Co.’s price also helped to aggravate the weakness of the standard market, 
and just before Christmas affairs took a still more sensational turn, owing to the 
_ suicide of a well-known broker. This was followed by the failure of one of the 
oldest firms on the London Exchange, which was due to the weight of metal that 
they were carrying. As their commitments in this article were heavy, there was 
another setback in values, which on December 20 declined to £48, but later in; 
the day reacted to the neighborhood of £49. The year closed with standard 
copper selling at £49 2s. 6d. for spot, £49 2s. 6d. for three months also. 
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_ ProGREssS IN THE METALLURGY OF COPPER DURING 1901. 


Tue following notes on the progress in the metallurgy of copper during 1901 
have been abstracted chiefly from the technical literature of the year in addition 
to information and criticism which have been obtained by direct correspondence 
or discussion with practical metallurgists. 

Automatic Sampling.—(By Paul Johnson.)—In THE Mrnerat InpusTRY, 
Vol. IX., is a short description of the automatic sample mill of the British Colum- 
bia Copper Co., at Greenwood, B. C. In order to utilize the gravity principle 
these samplers were designed to avoid elevating the material before it was crushed, 
and sample cut twice, thus necessitating the lift of 2% of the total ore sampled 
only, which is crushed to a size below 1°5 in. and is not hard on elevator belts 
and buckets. The endeavor was made to use construction drawings of the ordinary 
mechanical samplers, but these took more vertical room than could be spared. 
The height available was but 36 ft. and it was desired to reject the material 
direct into the gravity bins after crushing and sampling without further mechan- 
ical elevation. 

Since erection over 100,000 tons of various ores have been sampled and check- 
sampled, and actual practice has proved the correctness of the system. ‘T’he 
practice at Greenwood is as follows :— 

The ore for sampling at the smelter is brought to the upper ore bins, which 
are six in number, in two parallel rows, side by side, each bin being 50 ft. long; 
the railroad tracks are over the center lines of these bins. The greater bulk 
of the ore is delivered to the smelter in dump cars of from 30 to 35 tons capacity, 
which are unloaded into the bin below by opening two bettom doors. When the 
ore comes in box cars it must be unloaded by shoveling into the side bin adjoin- 
ing the one over which the car stands. The ore is withdrawn from the bin 
through ore gates 3 ft. wide by 2 ft. high into ore scoop cars on rails, which hold 
from 1 to 1:25 tons of ore and are brought down on a tramway of 1% grade to 
the top floor of the sample mill. One man can handle two cars, as, when started, 
they go by themselves. The cars are first weighed on a Fairbanks scale to check 
the railroad weight scale and then dumped into the large hopper of a No. 5 
Gates crusher. Pieces over 11 in. thick are reduced with 16 lb. sledge hammers 
to enable them to pass the 11 in. opening between the corrugated crusher-head 
and the concaves of the crusher. The crusher is set to crush to a size of from 
3 to 5 in. and corrugated crusher-heads are used. If the pieces do not exceed 
10 or 11 in. in size this crusher will easily crush one ton in from 30 to 45 seconds. 
The crushed material is spouted down to the first Johnson No. 1 sampler, which 
makes between 6 and 7 revolutions per minute, and cuts out either 10 or 20% 
for first sample, as desired, and is made large enough to permit the passage of 
10 to 11 in. pieces, largest dimension, without catching in the sampler. The 
rejected 80 or 90% falls through the spout into ore bin No. 1, whereas the 


sample goes through the sample spout down to a No. 2 Gates crusher. The sample 
is then crushed in the second crusher to a size of from 0°75 to 0°25 in., and 
passes through a No. 2 Johnson sampler. This cuts out three samples for each 
revolution, and makes 9 revolutions per minute; 20% is taken for sample, and 
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the remaining 80% is rejected to ore bin No. 2. The sample is spouted down 
to the boot of the elevator and lifted about 55 ft. above the top floor of the 
sample mill and dumped through a chute spout down to a No. 0 Gates crusher, 
which crushes the pieces to from 0°25 to 0°5 in. in size. The material is then 
spouted to a No. 3 Johnson sampler, which makes 12 revolutions per minute 
and cuts three samples for each revolution, removing 20% for sample. The 
80% part is discharged into ore bin No, 1, and the 20% part for sample drops 
on a sloping feed table which, with a jerking motion, feeds the sample into a 
pair of 10X16 in. Reliance rolls, which are intended to crush the sample to an 
average fineness of 0°125 in.; it then passes through a fourth Johnson sampler 
of the same size as the previous one, The 80% part is again rejected, being 
dropped directly into ore bin No. 1, and the remaining 20% part is conducted 
down through a spout and an 8-in. pipe to the sample buggy car holding the 
final sample, which, when finished, is taken to the quartering plates, and cut 
down and mixed from 1 to 3 times, according to the size of the sample desired. 
The sample is then taken to the sample grinder, ground, again mixed and quar- 
tered down on the bucking plates, and then ground to pass a 100-mesh sieve. 
From this pulp, the final sample is taken, generally three bags, filled and sealed ; 
one for the smelter, one for the ore shipper, and the third for umpiring. 

By these proceedings the total quantity of the ore received is crushed and sub- 
mitted to the sampling, and if 10% is taken for the sample after the first 
crushing, and afterward a 20% part, each time, it will thus be seen that the final 
sample in the sample car will weigh 0°1X0-20°2X0°2 or equal to 0:0008 (+2455) 
part of the entire lot. If a lot is not large only 0°2X0°2X0:2, or 0-008 (4£-) part 
of the lot is taken for final sample. 

Below are given results of assaying check samples of various lots; two inde- 
pendent samples, a and b, being taken of each lot, which shows how nearly equal 
two independent samples may be obtained by this system of sampling. 
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Smelting Copper Ores at Greenwood, B. C.—(By Paul J ohnson.)—The plant, 
of which a description was given in THE MINERAL INDUSTRY, Vol. 1X., com- 
menced operations on February 18, 1901, with one blast furnace, 42150 in. 
at tuyeres, which has been kept continuously in blast, except for nine days for 
repairs in August. Between February 18 and December 31, 1901, 117,077 tons 
of ore were smelted in this one furnace, which produced 3,714 tons of matte, 
assaying from 45 to 60% Cu, from 2 to 6 oz. in gold, and from 10 to 30 oz. in 
silver per 1on. Besides Mother Lode and Boundary ores, some gold quartz ores 
of 80 to 90% SiO, have been smelted, fluxing with the Mother Lode ores. 
The largest tonnage was put through during December, when 13,098 tons of ore 
were smelted, averaging daily for the entire month 422°5 tons of ore. The largest 
tonnage smelted in one day was on January 10, 1902, when 459 tons of ore were 
put through the furnace. To handle this amount of material and to break up 
and pile the matte produced, the blast furnace department proper, in 24 hours 
employed 29 men, viz., 6 charge wheelers, 4 coke wheelers, 9 feeders (on 8 hours’ 
shift), 2 charge weighers, 2 furnace men, 2 matte-tappers, 2 roustabouts, 2 fore- 
men; thus, during December 14°5 tons of ore per man and shift were handled. 
Counting the total force of the smelter, the sample mill requires 10 men for 
unloading and crushing ore, sampling and distributing same into ore mixtures, 
and loading the shipping matte. Engineers, foremen, 1 blacksmith with a helper, 
and 1 carpenter, add 8 more men to the force, making the total number of men 
employed, including foremen, 47 men, which at 422°5 tons of ore put through 
daily, makes 9 tons of ore handled and smelted for every man employed. 

The complete assay of three large lots of the iron, lime and sulphur ores smelted 
is given in the subjoined table :— 


Iron Ore. Calcareous Ore. Sulphide Ore. 
Sample from 1,000 Tons. |Samples from 1,600 Tons.|Samples from 120 Tons. 
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Iron oxide 
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Silver, oz. per ton 
Gold, oz. per ton 

The character of these ores is not only self-fluxing, but at times rather basic, 
and sometimes as much as 5 to 6% of quartz ores have been smelted to advantage 
with them. 

Before starting up the furnace it was somewhat doubtful whether or not a 
higher grade matte than 30 to 35% Cu could be made without resorting to roast- 
ing the ore, but actual practice demonstrated that the iron ore, which contains 
magnetic Fe,0,, in smelting, and reducing its iron to Fe,O, for the slag, gives 
off one atom of oxygen for every molecule of Fe,0,, and this oxygen acts as such 
a powerful desulphurizer that in fact as much as 85 to 90% of the sulphur on the 
charge has been burned off at times. A 45 to 50% Cu matte was desired, but some- 
times it has attained over 60% Cu, with an excess of the iron ore on the charge. 
It is an interesting fact in connection with making this high-grade copper matte, 
that whenever the matte begins to come up to 53% Cu and above, the gold will 
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“lock up” in the furnace in metallic copper bottoms formed. In one week making 
58 to 63% Cu matte gold to the value of $6,000 was locked up in the furnace 
bottom. The following week, using sulphur ores to bring the matte down to 
457% Cu all of the “locked up” gold was regained in five days. Silver, however, 
does not behave in this way. 

The Mother Lode ore is exceptionally free from arsenic and antimony, and 
behaves quite differently in the furnace as compared with the Silver King ore, - 
which I formerly treated at the Hall Mines Smelter, Nelson, B. C., and which 
cre then carried ‘quite an amount of arsenic and antimony, a purple-red colored 
smoke emanating from the chimney. When running the Silver King ore 
metallic copper and speiss separated out as soon as the matte came up to 
47% Cu, which raised the furnace and settler bottoms and caused very great 
trouble by filling up the tap hole, thus menacing the plugging up of the fur- 
nace. In Nelson, on this account, the trapped spout was changed to the ordi- 
nary way of stopping up the tap hole with clay, and when the furnace bottom 
was “raising up” inside the tap jacket the furnace was blown through the tap 
hole for five minutes, the heat produced melting away the metallic obstructions. 
Using trapped blast with the Mother Lode ore as high as 67% Cu matte in the 
blast furnace has been made without filling the tap hole with metallic copper. 

For its size (42150 in. at the tuyeres) the furnace has a very unusual record 
for large tonnage and at the same time clean slags. The coarseness of the ore has 
more to do with tonnage and to some extent clean slags than anything else under 
similar circumstances. This was found out when we crushed the ore to 5-in. size, 
having gotten a wrong crusher head before, which crushed the ore to 2 and 3 in. 
A few percentages of silica, more or less, in the slag does not “slow up” these 
big furnaces as quickly as it does small furnaces, nor is an excess of lime as bad. 
If the iron in the slag comes up to 30 or 32% and silica at the same time is 
low, say 28 to 30%, a heavy slag is made and a correspondingly poor separation 
of the matte ensues, which is very troublesome and increases the copper in the 
slag. Examples of some different kinds of slags made, with the corresponding 
tonnage and tenor of copper in the slag are as follows: 

April 1, 1901, the slag assayed SiO, 33°8%, FeO 25°4%, CaO 25°7%, and 
Cu 0:25% ; matte 49% Cu, the tonnage 402 of ore; high lime has a tendency to 
make the slags clean in Ou. 

July 7, 1901, the slag assayed SiO, 30:9%, FeO 32°5%, CaO 16°8%, Cu 0:-44% ; 
the matte 53% Ou, the tonnage 399. 

November 7, 1901, the slag assayed SiO, 42°7%, FeO 21'1%, CaO 20:0%, 
and Cu 0°33%; the matte assayed 44% Cu, and furnace smelted 393 tons 
of ore. 

January 10, 1902, when the furnace put through 459 tons of ore, the slag 
assayed SiO, 37:8%, FeO 245%, CaO 20°9%, and Cu 0°35%; the matte 
assayed 49% Cu. 

The concentration has varied from 15 to 70, but when the matte fall ig below 
2% the furnace does not work well, there is too little heat brought down in 
the crucible; this is especially pronounced with a rather siliceous slag, which 
causes the light to go out of the tuyeres and raises the smelting zone, 
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Slag samples for copper are taken twice daily, but are not assayed by the gener- 
ally adopted colorimetric method, which as a rule gives too low results. The slag 
samples are taken every hour, chilled in water, the day and night shift slags 
being kept apart. Two grams are taken for the determination, dissolved in 
aqua regia, evaporated with H,SO,, diluted and copper precipitated with hypo- 
sulphite of sodium solution, the Cu,S dissolved in HNO,, and titrated with KCy ; 
this determination takes somewhat over two hours, carrying other work along 
with it, but it is correct and reliable, and it will check to 0°01% Cu, and where 
there is very little copper on the charge it is important to have accurate deter- 
minations of the slags and to keep them low in copper, as 0°1% Cu makes quite 
an important item. These daily slags are then put together, and once a week 
the average of all the slags is made for gold, silver, and copper. The slags, as 
a tule, have been very clean, the copper varying between 0°3 and 0:037% ; gold 
between 0:0025 and 0:0035 oz., and silver between 0°04 and 0-07 oz. per ton. 
Of course one ig allowed more copper in the slag and still considered to do good 
work making a 50%-Cu matte, than in making a 30%-Cu matte. A former rule 
was that good smelting was accomplished when one had only 0°1% Cu in 
the slag for every 10% Cu in the matte. Thus, making a 30%-Cu matte allowed 
0°3% Cu in the slag, ete. 

The amount of coke used is from 11°5 to 12% of the weight of the ore. The 
blast used is from a No. 75 Connersville blower, making 155 revolutions per 
minute, and giving 80 cu. ft. of air per revolution. The blast pressure averages 
1:75 in. mercury, equal to 14 0z. Feed height above tuyeres varies from 4 to 8 ft. ; 
when little sulphur or much coarse ore, feeding high; when much sulphur or 
much fine ore, feeding low. The best feed height for good running was found to 
be from 7 to 8 ft. 

In running the furnace 3-ton charges are put in at the feed floor by feeders, 
and not by mechanical devices which are costly in diminished tonnage, bad work- 
ing of the furnace, and yield dirtier slags. 

A charge comes down to the tuyeres in 45 minutes; slag and matte run to- 
gether continuously through a trapped spout into a water-jacketed forehearth 
on wheels, inside dimensions being 8X5-5 ft.x3 ft. deep. The matte, having 
a sp. gr. of from 5 to 5:3, sinks to the bottom, and the slag of a sp. gr. of, 
about 3:4 to 3°5, overflows at the furthest end into a large settling pot, and, 
from this into the granulating flume. The matte is tapped at intervals imto 
matte pots, and their contents poured into matte molds 2X5 ft.x4 in. deep, 
thus cooling off the matte quickly and delivering it into the shape of cakes from 
1 to 1°5 in. thick; these matte cakes when cooled are knocked on the top side 
with sledge hammers and broken up into 3X5-in. pieces and shipped in bulk in 
box cars, the lots averaging 30 tons. This does away with a crusher and sacking 
and makes the matte pots last longer. 

During the latter part of 1901 the capacity of the smelter was doubled by the 
construction of new sets of lower ore bins, twelve in number, with an increased 
storage capacity of 5,000 tons of ore, making a total storage capacity for the 
lower ore bins of 10,000 tons. Another railroad trestle 560 ft. long has been 
built between the two already constructed in order to handle over 1,000 tons 
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daily of material for the smelter by the railroad. The foundation for the fur. 
nace building extension and the new furnace are in, and cast iron columns and 
furnace deckplates are put up. The furnace will be finished as soon as the cold 
weather allows the building of the brickwork for it. The new No. 7°5 Conners: 
ville blower is ready and in place for the furnace. With this second furnace 
completed, the plant will have a daily capacity of over 800 tons of ore, and 
together with coke, coal and matte shipped, the railroad will have to handle nearly 
1,000 tons daily. The operation eventually of three to four furnaces is contem- 
plated, and it is intended to add a converter plant to run the matte to blister 
copper, thus saving the freight on the copper to New York and on the refining 
charges on the copper now in the matte. 

Copper Smelting Jackets——The use of drop furnace bottoms supported by 
screw jacks resting on and attached to a car, traveling on a track beneath the 
furnace, came into general use during 1901. Among the furnaces erected with 
this type of bottom, were the 42X160-in. jackets erected by the Allis-Chalmers 
Co., for the Rio Tinto Copper Co., Ltd., of Huelva, Spain, and three furnaces 
built by the Colorado Iron Works, two for Mr. George Westinghouse for erection 
at Copperfield, Vt., and one for an Arizona company. A patent was applied 
for on the carriage furnace bottom by a Denver, Colo., mining engineer during 
1901. The Mountain Copper Co., at Keswick, Shasta County, Cal., during 
1901, adopted the use of water jackets made entirely of copper instead of 
cast or boiler iron, as formerly. The cost of the copper jackets is said to be 
$75, as compared with $20 for cast jackets, and they are made in the com- 
pany’s foundry from metal obtained from the cement copper leached at the 
mine. It is said that the life of the copper jackets is so much greater thant 
those made of cast iron, or the copper-lined jackets, that notwithstanding the 
greater first cost, considerable economy is effected by their use. The use of 
copper spouts instead of cast iron ones is also increasing. 

Blowing Engines for Copper Smelting—The United States Mining Co., at 
Murray, Utah, installed during 1901, three blowing engines, displacing 75,000 
cu. ft. of free air per minute at 2°5 lb. pressure, for use in connection with its 
copper matting plant. The blowing engines are designed by Edwin Reynolds 
to be driven by cross compound condensing Reynolds-Corliss engines. A com- 
ment on the use of blowing engines in preference to rotary blowers is made by 
Hiram W. Hixon, who states that, irrespective of the work to be done, the blast 
pressure will depend entirely on the charge burden in any kind of blast furnace 
work, and that the charge burden governs the reducing action of the’ furnace 
altogether. Along these lines the iron industry has raised the charge burden up 
to 100 ft. to secure the full benefit of the reducing action of the carbon mon-i 
oxide on the ore. Mr. Hixon further states that by using a blowing engine and 
consequently high blast pressure in a copper matting furnace run with the inten- 
tion of producing as high a grade of matte as possible, by the oxidation and elimi- 
nation of iron and sulphur, it would be impracticable to run a low charge burden 
in the furnace, and the proper conditions of oxidation of iron and sulphur cannot 
be obtained with a high charge burden. The reducing action in the furnace is 
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effected almost entirely by the gases, and when these are permitted to go to | 
waste, reduction ceases. 

Hot Blast Stove for Copper Smelting.—An installation of the Bretherton hot 
blast stove (Fig. 1) has been made at the smelting works of the Val Verde 
Copper Co., at Val Verde, Ariz., in connection with a round 48-in. blast 
furnace. The air supply for the stove is drawn through air jackets situated above 
the water jackets of the smelting furnace, and the small amount of heat re- 
covered in this way costs but little more than the extra expense of the jackets. 


~ Cold Blast 


Feed Floor 
ra 


Air Jacket 
: Air Jacket 


Tuyere Line 


W 7 

Forehearth or ase eer capa 
Slag and Matte | 
! 


Receiver | 
Brick 
9 
z 1_I, Furnace Floor 


Cross-Section through Bretherton Cross-Section through Blast 
Stove. Furnace. 


Fig. 1.—TuHEr BreETHERTON Hot Briast APPARATUS. 
As installed by the Val Verde Copver Co., Val Verde, Ariz. 


The heat evolved by the matte and slag in the forehearth is passed through the 
flues of the stove, and if this heat is not sufficient it is supplemented by an extra 
wood or coal fire. The temperature of blast claimed to be obtainable by means 
of this stove is 325°F., and the saving of coke by the use of the blast is said 
to be considerable. 

Details of Construction of Furnace Flue for Warming Blast.—This apparatus 
as shown in Fig. 2 consists of a chamber arranged in the form of a hood over 
the entire top of the dust flue, for the purpose of abstracting the heat of the flue- 
dust and gases passing off from the furnace, and incidentally assisting the opera- 
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tions of the dust chamber by the contact of the hot gases against a cool surface, 
which tends to throw the dust out of mechanical suspension in the hot waste gases. 
Four pipes connect the hot air chamber with the bustle pipe of the four furnaces. 

Roasting Copper Matte——To facilitate the roasting of dense copper matte it 
is sometimes cast in sand beds made of flue-dust from copper furnaces which, 
produces a spongy porous material of one-third the average density of similar 
matte cooled in iron molds. This porous condition of the material acts very 
satisfactorily in the subsequent treatment in the fusion furnace, especially when 
charged with siliceous fines that otherwise would be troublesome. Mr, F. Long- 
ford has obtained very good results by casting the matte in this manner. The 
flue-dust was dampened to pack it and allowed to dry in place so as to avoid the 


+ 
Galy.{Iron Roof 22 B. W. 


Wood Strip Bolted 
to Side 


9% 133" 


four connectigns 
" for bustle pilpe 


Fig. 2.—DETAILS OF CONSTRUCTION OF FURNACE FLUE FoR WARMING THE BLAST. 


danger of violent explosion. The porous condition of the matte is produced 
by the escape of gas which when set free caused bubbling and miniature ex- 
plosion. 

Customs Decision on Copper Matte and Regulus.—Early in 1902 in an appeal 
of the El Paso Smelting Works from the decision of the Collector of Customs 
at El Paso, Tex., to the Board of General Appraisers, it was held that copper' 
matte containing lead is included within the term “copper, regulus of” in para- 
graph 534, Act of July, 1897, and as such is entitled to free entry. In the sub- 
ject of this protest the lead contained in a certain quantity of copper matte was 
assessed for duty at the rate of 1°5c. per lb., under part 181 of the Act of July 
24, 1897, which provides “Lead-bearing ore of all kinds, 1-5c. per Ib. on the lead 
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contained therein.” The assay of the copper matte in question was 47°64% Cu 
and 18°43% Pb. The full decision may be obtained by reference to the Engineer- 
ing and Mining Journal, April 19, 1902. 

Lhe Thermo-Chemistry of the Copper Bessemerizing Process—In an article 
on “Converters for Copper,” by M. P. Jannettaz,? the thermo-chemistry of 
Bessemerizing copper matte is given much as follows: Mattes containing copper, 
iron and sulphur varying according to the nature of the mineral, as well as 
arsenic, antimony, bismuth, tin, lead, zinc, nickel, cobalt, silver and gold, deport 
themselves in the converter according to the principle of the maximum work 
performed, or those compounds are formed which give off the greatest heats 
of formation. The following table contains a series of columns contrasting the 


THE HEAT OF FORMATION OF OXIDES AND SULPHIDES. 


Heats of Formation Heats of Formation 
in Calories at 1£° C. oe Se ee in Calories at 15° C. 
SS Aries ee ee See ypic OUMUIAS Ne ees eee eae 
Elements. of Combination. 


Typical Formulas 


Elements. of Combination. 


Sulphides. 


Sulphides. 
(a) (a) 


Oxides. 


Carbon.... : 


6, 
Silicon i ; ¢ Chromium... ég-hydr.,O3.... 
Phosphorus ..|P,,R : : Nickel 
Calcium....../Ca, ; Cobalt 
Magnesium.. 
Aluminum... 


Arsenic.... 


Antimony.. 
Bismuth 


(a) Precipitated. (6) From crystallized Si. (c) Not precipitated. 


heats of formation of oxides and sulphides of the elements named. ‘Whe heats ex- 
pressed are in calories, obtained at a common temperature of 15°C., but the heats 
given are relatively true at the temperature of Bessemerizing copper matte. 

The heat disengaged in the formation of silicon oxide, which amounts to 
*19°2 calories shows very clearly the important relation which that element 
dears to the working of the copper converter. Applying the figures of the table to 
the following reactions, are obtained :— 


FeS+30=Fe0+80,+114'4 Cal. 
+233 +69-169°2 
CuS+30=Cu0+80,+97:0 Cal. 
+102  +38°0-169-2 
Cu,S+30=Cu,0+80,+91 Cal. 
+20°2 +42°0-+69°2 


It is evident that these reactions are produced in the converter through the 
eembinations of air and sulphur. The heats of formation of the silicides have not 
yet been measured, nevertheless it is easy to understand that the copper does not 

a ee 


2 Mémoirs de la Société des Ingénieure Civils de France, 6, 2, 1902. 


PROGRESS IN THE METALLURGY OF COPPER. 215 


slag so much while sulphur remains in the matte, for the sulphur helps the iron 
to transform copper oxide into sulphide at the moment it is produced, the re- 
actions of which follow :— 

Cu0+ FeS=CuS+ FeO+17°4 Cal. 

+38:0423°8 +10:2169 

Cu,0+ FeS=Cu,S-+ FeO-+ 23°4 Cal. 

+.42:0423°8 +20:2469:0 


Passing now to the last period of the operation where the sulphide (Cu,S) 
is transformed into copper, the final reaction follows:— 


Cu,S+20=2Cu-+S0,+49 Cal. 
4.20°2 -+169:2 
It is strongly exothermic and it is evident that it should be produced. But it 


is not produced directly and it must be admitted that it is produced by reac- 
tions analogous to the English reverberatory method, 


(1) Cu,S+2Cu,0=3Cu,+80,—35'0 Cal, 
4.20:242x42 469-2 


This reaction is endothermic, which is explicable because in the English method 
after having permitted the material to oxidize itself it is given another heat. 
In the converter the mass re-heats itself at each instant by the formation of the 
same oxide, 
(2) Cu,S+30=Cu,0+80,+91 Cal. 
+.20-2 +.42:0-169-2 


Multiplying this second equation by 2 and adding it to the first we have 
(3) 3Cu,S+20u,0+60=3Cu,+2Cu,0-+1380,, 


which after simplifying the preceding equation becomes 
Cu,S+20=2Cu-+S0.,. 

In closing it is noted that the mass can still gain temperature by the formation 
of slag. 

_ A part of the foreign metals disappears in consequence of the physical phe- 
nomenon called volatilization. The anhydrides of arsenic and antimony volatilize, 
the first passing into the state of vapor without decomposition at 200°C., the 
second decomposes to the red oxide and sublimes. With contact of air it can give 
the peroxide Sb,O,. The zine can volatilize for the temperature of the converter 
is higher than 1,000°C. The vapors of zinc are oxidized and carried off. A part 


of the lead disappears also in the state of vapor. The temperatures of volatiliza- 
tion of a few metals are as follows:— 


TEMPERATURE OF VOLATILIZATION OF METALS. 


Degrees Centigrade. | In Vacuum. Degrees Centigrade. | In Vacuum. 
Arsenious Acid.... QOD eae AES ig Ge ahaa Siac cle Wace ole PAD ORG ease ence 930 184° 
Antimony... ...... BORN ta or lera distance Beads aes secs (?) 360° 


Cadmium.......... WB Cole nee igs Pia ts aeeg: (2) 360° 
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The Selecteur—The preceding thermo-chemical reactions account for the 
elimination and selection of the foreign metals as follows: The elimination of 
the foreign metals is accomplished partly by scorification, and an examination 
of the table of heats of formation shows that nearly all the bodies which figure 
there in passing from the state of sulphides to that of oxides disengage more heat 
than copper, therefore it is concluded that they oxidize first, followed by those 
which scorify, viz.: tin, zine, lead, antimony and manganese. Moreover the 
oxidation and scorification of the foreign metals is not completely attained, 
and they remain partially in the white metal. Their elimination proceeds during 
the treatment of white metal in the furnace and proportionately as the copper 
is rendered nascent it will precipitate them from their sulphides at least those 
which disengage less heat of formation than the copper by the reactions— 


MS+2Cu=M-+Cu,S 
and M,.S,+6Cu=2M+3Cu,S. 


It is seen, therefore, that the sulphides of nickel, cobalt, lead, silver and anti- 
mony should be decomposed, and also that a very small portion of copper de- 
sulphurizes a large proportion of these metals. This precipitation of the foreign 
metals has been adapted to a number of enterprises to purify mattes from arsenic 
and antimony by means of iron or lead. 

The Neill Process for Leaching Copper Ores—The Neill leaching process is 
based on the use of sulphurous acid for the recovery of copper from the oxide : 
and carbonate ores. These minerals are reacted upon by sulphurous acid with the 
formation of cuprous sulphite (Cu,SO,), which is not soluble in water, but is 
soluble in water containing sulphurous acid—that is, the leaching solution must 
have an excess of the acid in it over that required to produce the reaction. The 
copper is precipitated by driving off the excess of acid by heat. The precipitate 
is cupro-cuprous sulphite (CuSO,'Cu,SO,+2H,0O) and contains 491% Cu. It 
is a heavy, crystalline compound, of dark-red color, which settles readily from 
the solution and can be washed by decantation, dried and reduced to metallic 
copper by fusion on the hearth of a reverberatory furnace. Very small amounts 
of other metals are dissolved and the product is very pure copper. In practice 
the ore is crushed to pass a 20-mesh sieve, put in covered tanks and kept in a= 
state of agitation while a current of sulphurous acid from the generators is forced 
through it. The copper will pass into solution in from one to four hours. The 
solution is drawn off through a filter press to separate the slimes. The latter and 
the sands are washed once with water, which is used over with the next charge. 
The solution in the precipitating tank is heated with exhaust steam, precipitating 
the copper salt. The plant can be arranged to save nearly all the sulphurous 
acid except that combining with the copper. One pound of sulphur is required 
to convert four pounds of copper into sulphite, or, with the loss from the excess, 
one pound converts three pounds. The sulphurous gas can be obtained either by 
burning pyrite or sulphur. Roasting a copper sulphide ore to an oxide will 
provide ample acid for its treatment. A test on a mixture of copper ear- 
bonates and some oxide in a siliceous ore gave 95% extraction. The advantages 
of the process over the sulphuric or hydrochloric acid method are: (1) Cost of 
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the chemical is low. (2) It is generated on the spot by the use of a very simple 
plant. (3) A relatively small amount of the chemical is used. (4) The copper is 
separated from the solution by heat alone. (5) The copper produced is practically 
free from impurities. 

Reactions of the Ziervogel Process—Robert H. Bradford’ discusses in detail 
the reactions and temperature limits of the Ziervogel process, the investigation 
being confirmed by various exhaustive experiments. The author finds the range 
of temperature necessary for the process to be between 655 and 800°C., and that 
care should be taken to avoid heating to 850°C. Above 655°C. the silver sulphate 
is in the liquid state. Copper sulphates require 700°C. for their decomposition. 

Apparatus for Casting Metal—For casting metals, J. B. F. Herreshoff has 
patented a device* consisting of the combination of a series of molds, each having 
a liquid-circulating system, with means for causing the said molds to travel in 
a closed path, a stationary platform supported within the path of travel of the 
molds, a water-supply pipe forming the pivot of the system of molds, located be- 
neath the platform and in liquid-conducting communication with the liquid-circu- 
lating system of the molds, a furnace or other source of molten-metal supply, and a 
trolley-supported ladle arranged in operative relation with the furnace and the 
moving molds. 

Electrolytic Copper Tubes—During 1901 the English Hlectro-Metallurgical 
Co., which some time ago acquired the English works and patents of the Elmere 
copper tube process, produced an average of 25 tons of copper tubes per week. 
The improvement on the process by the late M. Secretan, in France, induced the 
owners of the French patents to acquire and operate the English patents also. 
The company expects to increase the output of the plant to its designed capacity 
of 60 tons per week ag soon as it shall have been placed on the Admirality list 
of contractors, the Board of Trade’s requirements ag to quality complied with, 
and the points in dispute between the vendor syndicate and the company settled. 


PROGRESS IN THE ELECTROLYTIC REFINING OF CoPPER IN 1901. 
By Titus ULKE. 


Electrolytic Copper Refineries—The subjoined carefully compiled statistical 
table gives the principal data required for determining the present status of the 
electrolytic copper refining industry in the United States. About 576 tons of 
electrolytic copper are produced in this country daily, or 210,240 tons annually, 
valued approximately at $67,768,762. The by-product recovered daily contains 
about 53,187 oz. silver and 501 oz. gold, which makes an annual output of 
19,413,255 oz. of silver, valued at $11,444,114, and 182,865 oz. of gold, valued 
at $3,779,820. 

During 1901, ten copper refineries were in operation in the United States. 
The electrolytic works at Irvington, N. J., of Glorieux & Woolsey, known as 
the Irvington Smelting & Refining Co., was shut down in 1900 to be dis- 
mantled, while the new plant of the De Lamar Copper Refining Works, near 


Cartaret, N. J., is in course of construction. 


3 A paper read before the American Institute of Mining Engineers, May, 1902. 
4 United States Patent No. 669,696, filed March 12, 1901. 
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The Perth Amboy plant (Guggenheim Works) of the American Smelting & 
Refining Co. has been enlarged so that 150 tons of electrolytic copper can be 
handled in it, instead of its former capacity of 50 tons. It is expected to 
operate only about two-thirds of the capacity, the remaining one-third being held 
in reserve. ‘T’his will explain the surplus of generator power as compared with the 
actual daily output. 

At the Buffalo Copper Works, about 60% of the Calumet & Hecla Co.’s 
enormous production of native copper concentrates is refined, the argentiferous 
copper material running over 20 oz. silver being melted down and cast into 
plates, which are sent to the electrolytic works. 


ELECTROLYTIC COPPER REFINERIES IN THE UNITED STATES OPERATED IN APRIL, 
1902. 


Name of Company 
and 
Location of Works. 


Kind of Mate- 
rial Chiefly 
Treated. 


Approximate|Number and Ca-| No. of 


Daily Copper 


Output in 


Tanks 
in Re- 


pacity of 
Generators. 


Tons(2,0001b.)| Kw.=Kilowatts. | finery. 


.|Roritan Copper Works 
(Lewisohn Bros.), 
Perth Amboy, N. J. 


.|Guggenheim Refinery, 
Perth Amboy plant 
of Amer. 8. & R. Co., 
Perth Amboy, N. J. 


./Anaconda Mining Co., 
Anaconda, Mont. 


.|Baltimore Smelting 
& Rolling Co. (Bal- 
timore Copper 
W orks), Baltimore, 
Md. 


.|Boston and Montana 
Cons. Copper and Sil- 
ver Mining Co., Great 
Falls, Mont. 


.|Nichols Chemical Co., 
Laurel Hill, N. Y. 


.|Balbach Smelting & 
Refining Co., New- 
ark, N. J. 

.|De Lamar Copper Re- 
fining Works, Saw- 
yers, N. Y. 


-|Buffalo Smelting 
Works, Black Rock, 
Nes 


.|Chicago Copper Refin- 
me Co., Blue Island, 


Converter Cop- 
per from Bos- 
ton and Mon- 
tana, Butte 
and Boston, 
Old Domin- 
ion, Arizona 
CopperCo., 
Copper King, 
Ltd., and 
Highland Boy 

Anodes and pig 
copper from 
Mexico and 
Colorado. 


Anaconda an - 
odes. 


Converter cop- 
per from 
Anaconda, 
Mt. Lyell 
and part of 
the Germania 
W orks out- 
put 


Montana an- 
odes and mis- 
cellaneous 
material. 

Mountain Cop- 
per and Cop- 
per Queen 
anodes and 
Canadian and 
Spanish py- 
rites cinders. 

Orford anodes 
and miscel- 
laneous. 

Blister copper 
from Bully 
Hill mines, 
Cal. 

Lake Superior, 
argentiferous 
native copper 
** mineral.”’ 

By-products 
and miscel- 


laneous pig 
copper. 


Boston and|* 


| 
| 


J 


r 


( 
ie 
1 
“ 


J 


150 to 200 | 


(Cap. 200) { 


00:25) 
(Cap. 150) § 


40 
(Cap. 150) | 


80 


(ay 40) 


Three @ 520 Kw. 


Arrange- 
ment of 


Electrodes. 


roximate 
ay y Ontput 
of Gold and 
Silver from 
Slimes. 


Five @ 600 Kw. | 1,600 


1,250 


Six @ 270 Kw. ) 
Two @ 300 Kw. ( 


1,430 
One @ 200 Kw. 


Eleven @ 80 Kw. ; 


Two @ 810 Kw. 


Four @ 200 Kw. 


Hight @ 75 Kw. | 482 


Two @ 270 Kw. | 408 


One @ 510 Kw. | | 270 } 
Two@ 48 Kw. | { 490 { 


Two @ 64 Kw. 250 


Multiple. 


Multiple. 1 


Multiple. / 


L. 
rs) 


Multiple. : 


Series. | 


Multiple. j 


Multiple. ; 
Multiple. | 


Multiple. $ 


p. series. 
. p. multi. 


8,000 to 
10,000 oz. Ag. 
175. to 

200 oz. Au. 


25,000 oz. 
200 oz. 


4,207 oz. 
25 Oz. 


8,000 oz. 
15 oz. 


1,620 oz. 
30 oz. 


520 oz. 
—- 0Z. 


100 oz. 
3 OZ. 


Practically all of the silver in the crude copper passes into the slimes or tank-’ 


mud, and is periodically recovered by boiling the silver-mud with sulphuric acid 
\ 
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to remove the bulk of the impurities, refining it on a small furnace-hearth and 
casting the silver into bars weighing about 1,000 oz. each. The absence of gold 
from the argentiferous copper obtained by reducing the native copper ores of 
Michigan is remarkable and greatly simplifies the silver parting process. 

The new 40-ton electrolytic copper refinery, built east of the old works, is 
furnished with power by a McIntosh-Seymour engine, driving a Crocker-Wheeler 
generator, which is guaranteed to deliver a current of 300 volts and 1,700 am- 
peres when running at a speed of 126 revolutions per minute. There are 490 
tanks in the new refinery, with a basement underneath the tank floor to facili- 
tate inspection for leakages and emptying of the tanks. The circulation of the 
electrolyte is effected by a cascade arrangement of the tanks instead of on a level, 
as in the old refinery, the solution being pumped to the highest row of tanks. 
The anodes measure 29 in. long, 27 in. wide, and about 1 in. thick, and are pro- 
vided with small lugs on top instead of large side lugs, which were formerly 
used. Electric traveling cranes and racks similar to those in use at the Perth 
Amboy refineries, will be used for charging the tanks with plates and removing 
the cathodes. 

Each heat of refined copper is tested for the mechanical properties, and for 
the electrical conductivity of the copper as follows: Representative sample bars, 
weighing about one pound each, are cast at the pouring of every furnace charge. 
Pieces of sufficient length from these sample bars are passed through small rolls 
and annealed at a dull red heat in the muffle of an assay furnace whenever they 
become too hard. They are then pickled in dilute sulphuric acid, washed in water 
and passed through successive dies, finally being drawn into wire about 0°12 in. 
in diameter. These wires are numbered, and constitute the samples used in the 
Siemens’ apparatus for making the conductivity tests. Good annealed copper 
wire 0-125 in. diameter should possess a conductivity of at least 98%, should 
stand about 55 twists before breaking, and should show a tensile strength of not 
less than 24 tons per sq. in. of cross section, according to the usual standard. 

The cost of electrolytic refining at the Buffalo works I estimate not to exceed 
0:3c. per Ib. of crude copper, with current delivered at a cost of $27 per H.P. 
per year. 

Cowper-Coles Centrifugal Copper Process—S. 0. Cowper* covers an improve- 
ment in the process of electro-deposition on rapidly rotating mandrels, by project- 
ing the electrolyte tangentially against the mandrels, He claims the deposition of 
copper absolutely free from lamination at the high rate of 200 amperes per sq. ft. 
of cathode surface, in making 12-in. diameter tubes, the gas bubbles or suspended 
impurities being thrown off by centrifugal force. The cathode is rotated at a 
speed up to 1,000 revolutions per minute, and a current density of 170 amperes 
per sq. ft. cathode surface is preferably employed, The electrolyte 1s preferably 
kept at a temperature of 160°F. 

The following advantages are claimed by Cowper-Coles for his process: 
i. Rapidity of action five times as great as the ordinary electrolytic processes. 
2. Less plant and floor space. 3. Cheaper. 4. Sheets and tubes free from lamina- 
tion. 5. Less waste of copper and high grade of product. 


1 British Patent No. 9,731, of 1901. 
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This process certainly appears to lack novelty, for the reasons given in THE 
MineERAL Inpustry, Vol. IX., page 229. The apparatus, moreover, in its present 
shape, as disclosed in the patents is too complicated and is in other respects not 
fully suited to the electrolytic refining of argentiferous copper commercially. 

The apparatus employed for the centrifugal process? consists of a wooden vat 
in which are placed crude copper anodes; the cathode is a hollow brass mandrel 
supported on a revolving shaft, the latter being brought through the bottom of 
the vat to the top, and protected from the copper sulphate solution by a lead- 
cased cast-iron column. The shaft is revolved by gearing placed beneath the de- 
positing cell, the speed varying with the size of the mandrel employed. The man- 
dre] at one end is fitted with an eye bolt with which to lift it, and a circular brass 
casting against which the contact brushes rub for collecting the negative current. 
The brushes are fitted to arms which are made to turn backward to allow of the 
easy insertion and withdrawal of the mandrel. To prevent the electrolyte being 
carried round with the mandrel it is found necessary to have baffle plates made 
of insulating material. A baffle plate is also placed at the bottom of the mandrel 
to prevent the formation of copper trees or nodules. The electrolyte is briskly 
circulated through the cells by means of an acid proof pump, the solution being 
forced or pumped into a reservoir, where it passes through a filter to rid it of 
all suspended impurities. When it is desired to obtain a sheet of copper, the 
tube after being removed from the mandrel is cut, flattened out and annealed, 
while for wire, a piece of insulating material is wound round the mandrel in the 
form of a spiral and the copper deposited between the threads until its thickness 
is about equal to the distance between the threads. The spiral of deposited copper 
is then removed and, after annealing, is drawn down in the usual manner. 

Keith’s Hlectrolytic Process of Recovering Copper.—Dr. N. 8. Keith’s process, 
as carried out recently at Arlington, N. J., on ore containing from 1°5 to 2%. Cu, 
is essentially one of crushing, roasting, leaching and electrolization, the copper 
being finally deposited on the cathodes in the electrolytic tanks. 

The special feature in this process lies in the peculiar arrangement of the 
electrodes so as to prevent the deposition of spongy copper by insuring a retro- 
gressive decrease of current density at the electrodes of each tank after the first, 
the number of electrodes per tank being increased progressively from the first to 
the last tank of the series employed. In this way the amperes of current flowing 
through each tank, which is connected in series circuit with the one adjoining, 
is kept the same, while the current density at the electrodes, which are connected 
in multiple in each tank, is decreased from the first to the last of the series of 
tanks, to compensate for the decrease of copper in the electrolyte in its course 
through them. Thus the current density may be from 15 to 20 amperes per 
sq. ft. of cathode surface with a 6% Cu solution, and 3 amperes per sq. ft. with 
a 0°5% Cu solution, provided a sufficiently rapid circulation of the electrolyte 
be maintained. The density of current in each tank must not exceed the limit 
required for the deposition of reguline copper. 

Electrolytic Production of Cathode Plates—E. G. Elliott and V. Kishner, 


2 Private communication from Mr. Cowper-Coles. 
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Perth Amboy, N. J., patented® a metallic cathode for receiving movable sheet- 
metal deposits upon both of its sides throughout its immersed surface, said plate 
being partially immersed in an electrolytic solution from which the metal may 
be deposited from a suitable anode, and with a scratch-groove upon its exterior, 
whereby the metal electro-deposited is rendered separable along the line of the 
groove during deposit. 

Forms of Cathode Plates—-W. A. McCoy, of Perth Amboy, N. J., secured a 
patent* for an improved form of cathode plate, the object of which is to avoid the 
expense of the wooden cathode-frames heretofore commonly used on cathode 
plates to prevent the metal deposited upon one side of the cathode from be- 
coming inseparably connected with the deposit upon the opposite side. At or 
near the lateral edges and bottom to facilitate stripping at opposite sides of the 
plate, are a series of recesses in the face of the plate, which form receptacles for 
any suitable insulating or non-conducting material. ‘These recesses or recep- 
tacles are preferably perforations extending through the plate from side to side, 
and separate and apart from one another so that the insulating material will 
remain therein with security and not be detached under the rough treatment to 
which the more or less heavy plates are subjected when they are handled. The 
perforations are quite close together, so that the exposed metal between them 
will form but very slight connections of the deposited sheet with the metal 
deposited at the outside of the series of perforations, and thus the deposited 
sheets may be easily stripped from the cathode-plate, the sheet being easily torn 
or severed from the edge of metal in the act of stripping. The edge-deposited 
pieces may be easily removed from the cathode-plate after stripping and used 
as scrap metal. In practice the holes are usually drilled 0°25 in. in diameter and 
0°2509 in. (35 in.) from center to center. The insulating compound may be of 
any insulating material capable of withstanding the action of the electrolyte. The 
recesses at the sides and bottom of the plates may be continuous. 

Casting Machines and Conveyors.—At the Raritan Copper Works, the anode 
casting machines are provided with a knocker wheel, which actuates upon a pin 
and thereby lifts the anode plate, weighing about 400 Ib. from the mold. The 
wire-bar molds are ingeniously dried by jets of air issuing under 3 or 4 lb. 
pressure against the surface of the molds. 

Walker casting machines are now being constructed so as to allow of being 
operated electrically instead of hydraulically or by compressed air. 

In addition to the McCoy wire bar and the Walker ingot and anode casting 
machines, which have both been well illustrated and described in THE MINERAL 
Inpustry, Vols. VII. and [X., the Dyblie wire bar casting machine needs to 
be briefly noted. This machine is the invention of J. A. Dyblie, of the Illinois 
Steel Co., and was installed in the Anaconda, Mont., smelting plant some time . 
since. The molds reciprocate on tracks over the tank, being overturned by means 
of a hand wheel to discharge the castings into the water. The overturning ‘of 
one mold brings the next up into pouring position. Each end of the tilting fur- 
nace has its casting machine and tank, one ladle supplying each machine in turn. 
The castings are removed from the tank by means of an endless chain conveyor 


3 United States Patent No. 683,263, of Oct. 12, 1901. 4 United States Patent No. 684,291, 1901. 
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working in it. It is reported that castings made by this machine from the 
tilting furnace are free from pin holes and seams, and that the time occupied, 
and the men employed are about one-half of former hand ladling practice. 

The Formation of “Trees” and “Nodules” in Electrodeposition—Mr, J. W. 
Swan has found that regularity and smoothness of deposit were almost entirely 
dependent on the absence of solid particles held in suspension in the electrolyte, 
and that excrescences could be entirely avoided by freeing the electrolyte from 
floating particles. It has been observed that each nodule was formed around a 
speck of some foreign substance. 

Corrosion in Depositing Copper.—H. Sayer and F. 8. Spiers® define corrosion 
as meaning the dissolving away of the copper, both anodes and cathodes, on 
account of the ordinary chemical action (really “local” action) between it and 
the electrolyte, and quite apart from the action of the current itself. The gradual 
effect of this corrosive action is to supersaturate the electrolyte with copper 
and thus cause copper sulphate crystals to separate out—a consummation most 
earnestly to be avoided. The superfluous copper is usually removed by elec- 
trolyzing with lead anodes. 

It is a disputed point whether an acid solution of copper sulphate really does 
dissolve pure copper without the.presence of air. Schuster’s experiments® cer- 
tainly point to the fact that nearly the whole of the corrosive action is due to 
the presence of oxygen in the solution—thus, 


Cu+H,S0,+0,—CuS0,+-H,0,; 


but Foerster and Seidel’ categorically deny this, and declare that copper is soluble 
in copper sulphate even without the presence of air, the solubility increasing 
with the concentration. Copper, however, is quite insoluble in normal sulphuric 
acid at 100°C. It is probable that the prime action of the copper is to reduce 
some of the cupric to cuprous solution, and that this latter is subsequently oxi- 
(ized by the air to the cupric form. The matter bears so far on practice that in 
many processes the electrolyte is either violently agitated or else air is forced 
through it; in such cases the corrosion of the cathode is doubtless higher than if 
the solution were at rest. In the case of the impure anodes, corrosion takes place 
even without the presence of air and corrosion of cathodic copper may take place 
indirectly under certain conditions—namely, in cases where cwprous oxide is de- 
posited with the metal and dissolved in the electrolyte, forming a cuprous solu- 
tion which may eventually be oxidized to cupric sulphate. 

T. Gray, in his paper, “The Application of Electrolysis to the Standardizing of 
Electric Meters,” has carefully studied the corrosion of electrolytic copper under 
various conditions of acidity, temperature, etc., for the purpose of determining 
to what extent the variations of the apparent electro-chemical equivalent of cop- 
per are due merely to the metal being redissolved. He found that the losses were 
very variable and indefinite, but seldom exceeded 0:000005 g. per sq. em. per hour. 

As would be expected, the values decrease with rise of temperature, and with 


5 Electrochemist and Metallurgist, April, 1902, p. 103. 
§ Proceedings of the Royal Society, 1894. 
7 Zeitschrift fuer Anorganische Chemie, 1897, XIV., p. 106. 
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diminishing current densities. Experiments indicate that while corrosion at 
ordinary temperatures is almost negligible, it increases as the temperature rises. 
The corrosion varies with acidity, but on the whole, the variations are not very 
considerable ; however, at 50% acidity, and at a temperature of 80°C., the cop- 
per begins to be very rapidly attacked. The increase of weight in the neutral 
solution at 80°C. is due to the formation of a film of cuprous oxide, Cu,0. 

Arrangement of Plant.—A. L. Walker has obtained a patent? for a plant for 
clectro-deposition of metals, especially copper. It specifies a plant for the deposi- 
tion of metal electrically by means of heavy currents distributed through num- 
bers of plates arranged in multiple in tanks arranged in series, embodying tanks 
arranged with the proximate walls substantially parallel and close together ; lead- 
ing-in and leading-out mains extending to the end tanks of series, said mains 
being of large and sufficient cross-section to carry the entire current supplied 
to all the tanks, distributing-bars of small cross-sectional area supported between 
adjacent tanks, and anodes and cathodes arranged in the tanks and having sup- 
porting projections at the top, the supporting projections of the anodes and of 
the cathodes in adjacent tanks resting freely on the same distributing bars 
whereby electrical connection between anodes and cathodes of adjacent tanks is” 
established through connections individually of small and insufficient area to 
carry the total current but collectively of an area sufficient to carry said current, 
the supporting projections at one side of the anodes of the first tank and of the 
cathodes of the last tank resting freely on the leading-in and leading-out mains 
respectively. 

The De Lamar plant, near Cartaret, N. J., has agreed to pay a royalty for the 
use of this arrangement in its electrolytic department. 

Electrolytic Process of Making Copper Sulphate-——H. Palas and F. Cotta, 
Marseilles, France, obtained a patent*® for the process of producing metallic 
sulphates and simultaneously obtaining an alkaline base as a by-product by 
electrolysis, said process consisting in separating the anode and cathode by a 
porous diaphragm, supplying a stream of the electrolyte solution of an alkali- 
metal sulphate to a soluble anode of the metal to be transformed into sulphate, 
supplying another stream of the same electrolyte solution to the cathode on the 
other side of the diaphragm and passing a current of electricity through the 
apparatus. In particular, a cathode of iron or other metal not attacked by 
alkalies, is surrounded with an electrolyte of sodium or potassium sulphate. In 
the anode compartment. is an anode of the metal to be converted, surrounded 
with an electrolyte of its sulphate, ¢.g., a copper anode in a solution of copper 
sulphate. The strengths and temperatures of the electrolytes should be such as 
to afford the least electrical resistance. On passing a current of 2°5 to 3 volts, 
the SO, ion from the sodium or potassium sulphate passes to the anode side, and 
meeting the free copper re-forms copper sulphate. The SO, ion freed from the 
copper sulphate attacks the anode, and so strengthens the anode electrolyte. 
Fventually a solution of caustic soda or potash is left in the cathode cell, and an 
enriched solution of copper sulphate, entirely free from alkaline sulphate, is 
obtained in the anode cell. 


®» United States Patent No. 687,800, Dec. 3, 1901. 10 United States Patent No. 679,985, 1901. 
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On the Orystallization of Copper Sulphate-—In a series of experimenis 
on the crystallization of copper sulphate, Arthur J. Hopkins"? found that 
the size of the crystals was not dependent on the degree of concentration, nor 
on the relation of the size of the crystallizing vessel to the volume of the 
contained solution nor finally on the rapidity of cooling. In a solution super- 
saturated in absolute quiet, no crystals will form. Solutions of convenient 
concentration and volume were obtained when 171 g. copper sulphate crystals 
were dissolved in water and 15 c.c. normal sulphuric acid were added, the whole 
being concentrated to less than 340 c.c. and later diluted to exactly that amount 
with boiling water. The size of the crystals desirable for quantitative work 
was decided to be of a length of from 20 to 30 mm. and as the ratio 
of the volume of the solution to the horizontal surface of the containing crystal- 
lizing dish is identical with the depth of the solution for each volume, a dish was 
selected which would give a constant depth. A depth of 6 mm. was found to 
allow ample space between crystals 20 to 30 mm. long when crystallized from a 
solution of the strength indicated above. The diameter of the dish which will 
hold 340 cm. at a depth of 6 mm. is 26 cm. and, in general, for this depth, the 
diameter required is the square root of twice the contained volume. Under these 
conditions, the size of the crystals will depend upon the number of crystal points 
first started in the solution, as it cools beyond the saturation point. The number 
of these points depends upon the conditions obtained in the dish during the time 
of supersaturation, and they are formed by allowing a slight blast of cold air 
to impinge on the surface of the cooling solution, which operation is continued 
until the proper number has been obtained. Very little practice enables one to 
ascertain this condition from the spacing between the floating crystals rather than 
the actual number of them. For crystals of a different size a few tests will deter- 
mine the proper spacing as well as the proper size of the crystallizing dish. 
In the opinion of Mr. Hopkins, crystals of any desired size may be obtained not 
only from the original solution but from all successive mother liquors. 

Use of Magnesium-Copper Alloys in Casting Copper.**—Among the means com- 
monly employed in casting to free copper from dissolved gases and cuprous oxide, 
Magnesium occupies a prominent place. Its action is to unite with the free 
oxygen and the oxygen combined in SO,, CO and Cu,O to form MgO, which 
yields a slag covering the molten copper. The slag is then skimmed off and the 
copper poured which gives a dense casting free from blowholes. The use of metal- 
lic magnesium for this purpose requires skill and care in order to avoid the violent 
sputtering of the molten copper, which might cause injury to the workmen. This 
disadvantage may be entirely obviated by introducing the magnesium in the form 
of an alloy with copper, such as the cheap 50 Copper-50 Magnesium alloy now 
produced in large quantities at Hemelingen, Germany. This alloy is reddish-gray 
in color and stellate in structure upon fracture. Its sp. gr. is 2°97, and it melts 
at 450°C. It is very brittle and may therefore be broken easily with a hammer 
into conveniently sized pieces. In most cases not more than 50 g. of the mag- 
nesium alloy is required to make a dense casting of 100 kg. of copper, but in 
practice it is best to add the alloy in portions of 20 g. until the desired action 


11 American Chemical Journal, May, 1901. 12 Chemiker Zeitung, 1901, Report 136. 
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is secured. Higher proportions of the alloy than those stated increase the hard- 
ness and consequently the resistance of the copper and may be used in improving 


dhe quality of brass, bronze and similar alloys. 


Copper Wire for Power Transmission Lines.—Dr. Bell'® states: “At present 
the best grades of standard copper wire have a conductivity of fully 98% that 
of the chemically pure metal, and even this figure is frequently exceeded. On 
account of the comparatively low tensile strength of copper—ordinarily about 
85,000 lb. per sq. in.—efforts have been made to exploit various alloys of copper 
on the theory that their greater strength would more than counterbalance the 
lessened conductivity and increased cost, by enabling less frequent supports to 
be used. Aluminum bronze, silicon bronze and phosphor bronze have been tried, 
together with some other alloys of a similar nature. . . . Copper which is 
hard-drawn has a greater tensile strength than any so-called bronze of similar 
conductivity—from 60,000 to 70,000 Ib. per sq. in.—with a resistance less than 
5% in excess of that of ordinary copper. The following table gives the con- 
ductivities and tensile strengths of some of the various materials used or pro- 
posed for live wires, pure copper being taken as the standard at 100% con- 
ductivity. 


e 


. ae Tensile Strength. 
Material. Conductivity. Pounds. 
COMMENCIBE COPPER WILE’ «as oie vies ors viele eave takes ateicreereteeietereh eceletn s 98 to 99 35,000 
Good hard dian COppenta. 5 ne acis aeisieleiaiaials och sienee sieiereteiecteier rr teers 96 to 97 60,000 to 65,000 
No® Ps 2 Site on Drom els ese cree excita cies a mic ain custare cake  esndetenea Toiay ai relate tabateeatarers 97 63.200 
Nope Silie @ rae OZ ys wistlsc'aik. sictsig.o see's cap tesatn vias pualscebarel Chenelereieve eles sieeeiaeier 80 76,000 
Non BeiSmleome ron ZO. ses cies s sts ete. olote wlaue keeles laren hecstatees tei evemmetoraveranahe eatare 45 110,000 
Phos phowearoenZeacysciis. eins: sowteincte sie asia eplee sein cee raomeeees eet 26 101,000 
Tron annealed wire: csc ascrtce clever melts sts orarcvaorestelepal cian ciaraie eeetatelaeencier seat ste 14 55,000 
Highicanbon steels wine cera certrisisnscilaeaieic evar une nus ntes ceaieckae sai cts 10 to 12 120,000 to 180,000 


“Tt is evident that where the best combination of strength and conductivity 
is wanted, hard-drawn copper wire is unexcelled. For all ordinary line work 
good annealed copper wire is amply strong; it is, besides, easier to manipulate 
than wire of greater hardness. Occasionally, where it is desirable to use extra 
long spans, or excessive wind pressure is to be encountered, the hard-drawn wire 
is preferable.” 

Manufacture and Use of Stlicon-Copper.—The Cowles Electric Smelting & 
Aluminum Co., Lockport, N. Y., makes silicon-copper in the electric furnace, 
and claims to be the only maker of pure silicon-copper, also that the metal made 
by the Waldo Foundry Co. and the John A. Roebling’s Sons Co. is more properly 
silicon-bronze, made by adding silicon-copper to pure copper. 

O. J. Steinhart, however, affirms that copper silicide is being produced by the 
Fabrik Electrometallurgischer Produkte, at Frankfort-on-Main, Germany, with 
10%, 15% and 30 to 35% Si in the shape of ingots weighing from 15 to 18 lb., 
which are divided by notches, so that they can be easily broken into smaller pieces. 

Among the uses for copper silicide are: 1. In place of copper phosphide as a 
purifying and deoxidizing agent, acting as a reducing medium should any of 
the oxygen compounds of arsenic and antimony be present, and thereby counter- 
acting their deleterious effects. The resultant metals combine with the metallic 
copper, whereas the silicon employed does not enter into combination with it. 


13 Electric Transmission of Power, pp. 362-873. 
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Jf copper is therefore finally refined with copper silicide, a greater strength and 
toughness is imparted to it. 

2. Silicon may also be added to copper in such a manner that it forms a perma- 
nent compound with the latter, thereby adding materially to its hardness and 
strength, which can be made equal to that of steel if a sufficiency of silicon is 
incorporated with it. Small quantities up to about 0°1% rander it particularly 
suited for telephone wires, and other electrical purposes, as this alloy possesses 
a far greater strength than ordinary electrolytic copper wires. 

The subjoined table gives figures showing the relative conductivity and tensile 
strength of pure copper and these alloys :— 


Tensile Strength, 
per sq. mm. in kg. 


Material. Conductivity. 


PULTE COPPON WILE wins icone eves wialele’s 9 ele wleaisinels 
Gu wat0:02 5600: 0% Sis core isi cia cwistsicietst's cy +> 
Cu with 0°05, 1:1% Si and 171% Sn... a 
CUSWIEN OD Pisis ce huices eosin de Pee nes Sei ees 
Mucwith Sete eeuieiesinsic ss cotemeen signe cusce 


These alloys are particularly suited for bolts in locomotive fire-boxes, for rivets, 
wire ropes, etc.; that is, in all cases where high tensile strength and small elonga- 
tion are required and iron is not admissible, as well as those in which an acid- 
resisting material should be employed. 

3. Copper silicide forms a very useful addition to tin and zinc bronzes in place 
of copper-phosphide. The bronzes thus prepared are very elastic and heat re- 
sisting, much less silicide being required as compared with the corresponding 
phosphorus compound. The purifying power of 10% silicide as compared to the 
same strength phosphide is as 1°48: 1, or entails a saving of about half the ma- 
terial when the former is employed. 

4. As an addition to aluminum bronzes it should be of great importance, as 
alloys can be obtained with high tensile strength, ranging with respect to their 
hardness from ordinary brass to the hardest phosphor bronze. The manufacturer, 
therefore, has a very convenient means of preparing his alloys for any specific 
purpose. If, for instance, aluminum bronze of great strength is required, being 
soft at the same time, the chilling of the alloy when red hot is advisable. Gen- 
erally speaking, the presence of silicon in aluminum bronzes, such as the Heroult 
and Cowles bronzes, increases their strength and hardness, and at the same time 
reduces their elongation. 

With reference to the quantity of copper silicide required for these various pur- 
poses an exact rule cannot be laid down, as this depends upon the object to be 
attained and the material employed, but in most cases from 50 to 100 g. per 
100 kg. will generally suffice for copper alloys and bronzes. 

Determination of Oxygen in Commercial Copper——Maurice Lucas” states 
that oxygen is generally estimated in copper by two methods, viz., reduction by 
hydrogen and measuring the loss of weight, which represents the oxygen and the 
volatile metals; or by treatment with silver nitrate and estimation of the copper 
in the residue. A third method has been devised which consists in melting the 
copper with tin in the electric furnace in a current of carbon monoxide; the 


14 Bulletin Société Chemie, 23 (24), 900-904. 
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carbonic acid formed is then collected and weighed. ‘The copper and the quantity 
of pure tin necessary to form a 207% alloy are placed in a tared porcelain boat 
in the cool part of a porcelain tube, and the CO gas passed over it for 15 minutes ; 
the potash and sulphuric acid bulbs, previously weighed full of air, are then 
attached to the tube. The latter is then gradually moved until the boat is in the 
hot part and the temperature is maintained at 900°C. for an hour. The bulbs 
are then disconnected and weighed again full of air. The boat is allowed to cool 
by moving the porcelain tube back to its original position, and the boat is finally 
weighed. In this manner is obtained first, the weight of CO, formed, which multi- 
plied by 0°364 gives the oxygen set free, and secondly, the loss of weight, which 
represents the oxygen and the volatile bodies, as arsenic, antimony, ete. 

This method has been satisfactorily tested with pure cuprous oxide and with 
known mixtures of cuprous oxide, copper and tin. The effect of impurities was 
also determined by adding a mixture of copper arsenate, phosphate, ete., to the 
pure copper and tin in the boat. The method is said to be applicable to all metals 
whose oxides are reducible by CO. 

The Cyanide-Assay for Copper—H. H. Miller, in a paper read before the 
American Institute of Mining Engineers, November, 1901, states essentially that 
the amount of KCN necessary to decolorize a copper solution does not give the 
true amount of copper present in the ore or matter when these contain other bases 
which interfere with the assay. When the acid solution is precipitated with excess 
of ammonia, Ag, Ni, and Zn, if present in the ore, go into the solution, and 
react like copper with the KCN; while Fe, Mn and Al are precipitated as hy- 
droxides. This precipitate invariably contains a small portion of the copper 
which, in the case of iron, is probably mechanically retained; but where man- 
ganese is present there is a further retention, possibly as a manganate. Arsenic 
may also form an insoluble arsenate; and Cr also interferes. Miller found 
that the amount of copper retained by these causes combined varied indirectly 
as the ratio of the total copper to the disturbing elements present. 

In standardizing the KCN solution for any particular ore or class of ores of 
the same composition, two portions of 10 g. each are weighed out for separate 
assays. To one is added a weighed amount of pure copper, and the two are run 
through together, being treated in all respects like regular assays. The difference 
‘nthe number of c.c. of KON used in the two assays represents an amount equiva- 
lent to the weighed excess of copper taken, and from this the true value of the 
ore is readily ascertained. Operating on the same weight of identical gangues, 
this figure (with frequent checking) is used. For a different gangue, or a dif- 
ferent weight of the same gangue, another test must be made; and whenever 
an accurate determination of a new ore is required, the assay is run in duplicate 
as above described. 

If due attention be paid to the above details the cyanide method will prove supe- 
rior to the iodide volumetric method. The latter is certainly no quicker, and 
consumes much larger quantities of chemicals, besides being subject to many 
sources of error. The colorimetric assay, an improved application of which 
has been described by Mr. J. D. Audley Smith,’® is adapted to low-grade ores 


15 Transactions of the American Institute of Mining Engineers, Vol. XXX., 857. 
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only, and for these does not seem to possess any advantages over the cyanide 
method, either in point of time or accuracy of results. 

By effecting the solution in acid on a thick asbestos pad, heated by gas- or 
gasoline-burners, a number of assays can be made at once, requiring little or no 
attention from the time they are placed on the fire until they are ready for the 
addition of ammonia. The mixed acid and dilute ammonia is kept prepared in 
qauntity. For measuring out the portions of acid and ammonia for each assay, 
the most convenient vessel is a graduated cylinder of 100 c.c. capacity. 

The cyanide method can be applied with equal success to richer ores, as well as 
to concentrates and mattes. For low-grade ores containing not over 1% Cu, 
the KCN solution should not be stronger than 1 c.c. = 0°005 g. Cu. For richer 
material a solution of twice this strength can be used to advantage. 

Determination of Copper by Precipitation with Aluminum and Electrolysis.— 
The following quick and exact method for the quantitative estimation of copper 
in pyrites, impure matte, etc., is described by O. N. Heidenreich.1* From 
® to 5 g. of the pyrites or similar substance, is dissolved in aqua regia, the 
nitric acid evaporated off, and the residue redissolved in 5 c.c. dilute hydrochloric 
acid and 10 c.c. water. The whole is washed into an Erlenmeyer flask, diluted to 
100 ¢.¢c., and warmed with excess of sheet aluminum on the sand-bath. When the 
solution is colorless, showing that all the iron oxide is reduced, the solution is 
filtered, and the residue (copper and aluminum) is washed free of chlorine, the 
filter-paper burned, and the copper and aluminum dissolved in nitric acid. The 
copper solution thus obtained is finally subjected to the ordinary electrolytic assay. 

The Ferrocyanide Assay for Copper.—F. Repiton** describes a method which 
is essentially as follows :— 

To the neutral boiling sulphate solution to be assayed is added a decinormal 
solution of potassium ferrocyanide, until the characteristic blue end reaction is 
obtained with a few drops of a decinormal solution of iron sulphate, placed on a 
porcelain surface. 

One c.c. N/10 potassium ferrocyanide=0-0063 g. Cu, according to the equa- 
tion :— 

K,Fe(ON) ,+-2CuS0,=Cu,Fe(CN),+2K,80,. 


Electrolytic Silver Refining. The electrolytic silver refineries in operation in 
the United States in 1901 are given in the subjoined table :— 


ELECTROLYTIC SILVER REFINERIES OPERATED IN 1901. 


Name of Company 


ae Material Estimated Daily Estimated Daily v No. and Capac- 
Location of Works. 


Treated. Output. as, 1rd of | Tanks, | ity e oe 


No. 


.|American Smelting and|Doré bullion from 
Refining Co., Perth} lead and copper} +%5,000 oz. Troy.| 100,000 oz. Troy. | 120 One, 62 Kw. 
Amboy, N. J. refinery. 

-|Balbach Smelting and/Doré bullion from : 
ecning Co., Newark, lesa and copper 30,00 oz. Troy.}| 30,000 oz. Troy. 48 One, 40 Kw. 

refinery. 


eal: 
.|Globe Smelting and Re-/Doré bullion from} ) 


j | 
gning Co, Denver, lead pamnery ene 20,000 Oz. Troy. 33,000 oz. Troy. 48 One, 40 Kw: 


sources. 


16 Zeitschrift fuer Analytische Chemie, XL., 15; also, Zeitschrift fuer Elektrochemie, Reportorium. 
17 Moniteur Scientifique, 1902, 4, Ser. 16, 287. 
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No gold bullion was electrolytically refined at the new mint at Philadelphia 
in 1901. 


TREATMENT OF SLIMES FROM THE HLECTROLYTIC REFINING OF COPPER. 
By RoBERT L. WHITEHEAD. 


THe slimes produced in the electrolytic refining of copper vary in precious 
metal content from 15,000 to 22,000 oz. silver and from 4 to 200 oz. gold per 
ton, the copper contained being from 10 to 40%, in the form of metal, copper’ 
oxide, copper sulphide and copper sulphate, the last-named combination being due 
io imperfect washing of the slimes. 

The usual treatment of slimes in large smelting and refining works equipped 
with a desilverizing department is to add the dried slimes in paper bags of 10 
or 15 lb. capacity to the charge of retort metal on the cupel hearth. The copper 
and impurites are oxidized and pass off in the slag, while the gold and silver is 
absorbed in the refined retort metal remaining on the cupel. The copper dross 
is treated in a shaft furnace for the recovery of the copper, antimony and lead, 
the copper being regained as copper matte. 

In electrolytic copper refineries the slimes are treated by the sulphuric acid 
method, which is modified according to the character of the material. In ordi- 
nary practice, the wet slimes from the tank-room are dried in a centrifugal dryer 
having 30-mesh phosphorbronze screens in place of the usual filter cloth. The 
coarse particles of copper are caught on the screen, while the slimes pass through 
into a storage tank. In this treatment about 10% by weight of the slimes is 
separated as metallic copper very rich in silver which is added to the charge in 
the anode furnace. The slimes after settling are transferred to a large tank lined 
with 12-lb. lead and equipped with two steam coils extending its full length. 
Hot air is forced into the solution by an injector. Sulphuric acid in the pro- 
portion of 1,500 lb. of acid (66°B.) per ton of slimes is then added and the solu- 
tion boiled from 10 to 12 hours, which results in the dissolving of most of the 
copper, 66% of the arsenic and all of the bismuth and iron. The supply of 
steam is then*shut off and the solution allowed to settle. The supernatant liquor 
very rich in impurities is siphoned into storage tanks and subsequently trans- 
ferred to the evaporators for the manufacture of copper sulphate crystals (blue 
stone). The tank is then filled with water up to the level of the original sulphuric 
acid solution, the steam is turned on and the temperature again raised to the 
boiling point. When this is done an addition is made of the settlings from the 
acid parting kettles which consist of metallic copper and considerable silver sul- 
phate. The contents of the tank are then thoroughly mixed, the copper precipi- 
tates metallic silver from the silver sulphate solution being itself transformed to 
copper sulphate. The treatment continues until metallic silver is no longer pro- 
duced. Should the silver sulphate be in excess of the corresponding quantity of 
copper needed to precipitate its silver content, a small addition of untreated 
climes is made to supply the deficiency. The slimes are then washed several times 
by decantation, transferred to filters, and washed with boiling hot water. They 
are then transferred to cast-iron drying pans and dried in a furnace, the dried 
product being subsequently mixed with sand and soda ash and melted in a 
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reverberatory furnace capable of holding from 50,000 to 60,000 oz. of silver. The 
doré bars resulting from the furnace treatment assay from 950 to 960 fine in 
silver and from 10 to 20 in gold, the remainder being copper. The slag from the 
furnace melting contains 5 or 6% copper and 8 or 4 oz. silver per ton, the quan- 
tity produced depending upon the richness of the slimes. If the slimes are very 
rich the quantity of slag need not exceed 200 Ib. per ton of slimes treated. The 
doré bars are placed in cast-iron kettles and parted by sulphuric acid (66°B.), 
similarly to the process in use at the New York assay office and at other Govern- 
ment refineries. ; 

The cement silver is thoroughly washed with hot water, placed in a hydraulic 
press and pressed into cakes of 1,500 to 2,000 oz. weight which are removed from — 
the press and charged without drying into a cupel furnace of 60,000 oz. capacity. 
A small quantity of niter is thrown on the metal to remove the tellurium con- 
tained in the silver. When this is accomplished the molten refined silver is cast 
into 1,200 oz.-molds. The refined metal varies from 998 to 998°5 in fineness. 

The gold is transferred to small parting kettles and boiled with sulphurie acid 
(66°B.) to dissolve the remaining silver. When this is accomplished a few 
lamps of saltpeter are added to the solution and the boiling continued for two 
or three hours, to remove the small quantity of silver still contained in the gold 
and to coagulate the finely dissolved gold which is of advantage in diminishing 
the quantity of float gold produced in the subsequent washing. The gold is then 
dried, melted under borax and cast into bars of 993 to 996 fineness. 

Generally in electrolytic copper refineries, the copper sulphate solution formed 
by the reduction of the silver sulphates is added to the copper electrolyte in order 
to utilize the free sulphuric acid which is present to the extent of from 8 to 
10%. The impure solution from the slimes tank is concentrated by evaporation 
to 42°B. and crystallized, the crystals formed being purified by repeated solu- 
tion and crystallization until of marketable purity. The mother liquor from the 
crystals contains about 40% sulphuric acid, which is utilized by heating in a lead 
pan to 60°B. and subsequent cooling in iron pans. During the cooling iron 
and copper are separated. The resultant acid solution is used either in parting 
the doré bars or in the first treatment of the slimes. The slags produced in 
refining the slimes are treated in several ways: 1. By addition to the slags from 
the anode furnace, which however has the objection that the resultant copper is 
very impure and must be separately treated in the tank-room. 2. By treatment 
in a shaft furnace with litharge which yields a copper matte and a silver-lead 
bullion. The latter is cupelled for silver, the litharge formed being used to treat 
another lot of slimes slag. 3. By mixing with soda ash and melting in a reverbera- 
tory furnace which yields a very clean slag and a very base bullion. This slag 
is sold to lead smelters as it contains less than 60 oz. silver per ton and prac- 
tically all of the antimony and tellurium of the original slimes. The base 
bullion is treated by adding small quantities to the regular charge of the soften- 
ing furnace. The last-named method is the one used at the present time by 
the Seattle Smelting & Refining Co., at Seattle, Wash., in the treatment of 
the slimes produced by the Amalgamated Copper Co.’s plants at Great Falls 
and at Anaconda, Mont. 
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PROGRESS IN 1900 AND 1901 IN THE MAKING oF BLUE VITRIOL BY 
HoFrMANN’sS MeEtrHop.? 


By OTTOKAR HOFMANN. 


THE original experimental plant that was constructed for the American Smelt- 
ing & Refining Co., at Argentine, Kan., for the manufacture of blue vitriol has 
been repeatedly enlarged during the past few years until its present capacity is 
60 tons per day, which makes it probably the largest blue vitriol plant in the 
world. The process has been modified and improved as experience has directed 
and the present paper gives the progress that has been made both in construc- 
tion of the apparatus and in handling the material. 

The material delivered to the blue vitriol section of the works for treatment 
consists almost entirely of leady copper matte as the process recovers the lead 
which is not the case when the matte is used to make copper anodes. The matte 
containing about 40% Cu and from 12 to 14% Pb is pulverized through a 
50-mesh screen in a Krupp ball mill of 100 tons daily capacity and the fine 
product is roasted in 3 two-story Pearce turret furnaces, each provided with 
three fire-places at the lower and two at the upper hearths. The newly con- 
structed furnace, which is 40 ft. in diameter, has a larger capacity than either 
of the older ones, and the feeding of the matte as well as the filling of the coal 
hoppers over each fire box is accomplished by mechanical contrivances. Slack 
coal is used as fuel and is burned on step grates. Great care is exercised in roast- 
ing the pulverized matte, both to avoid the formation of hard lumps which 
easily occurs with leady matte if the temperature is not well regulated in the 
beginning of the roasting process, and to prepare the matte properly for the 
subsequent treatment with diluted sulphuric acid. These conditions call for 
the conversion of as much as possible of the copper*into oxide and sulphate, 
while the iron should be changed to red oxide which is only slightly soluble in 
hot diluted acid. The three furnaces are discharged into a common conveyor 
having a water-cooled bottom. The cooled material is passed through a ball 
mill to reduce it a second time to the fineness of a 50-mesh screen and the re- 
crushed material is conveyed to storage bins. The dissolving is done in eight 
agitating or stir tanks which are arranged -in two parallel rows with a track 
between for the delivery of the matte. The cross section of a tank 12 ft. in 
diameter and 6 ft. deep is shown in Fig. 1. The bottom and sides are lined with 
boards for protection against wear from the friction of the pulp. In the center 
is suspended a heavy wooden shaft having fastened to the lower end by heavy 
brass plates, a cross-beam cut at both ends like a propeller-blade. In the center 
and fastened to the bottom of the tank is a cone-shaped projection constructed 
of strong wooden staves, the interior of which is filled with sand. This cone 
forces the matte toward the periphery, where it is subjected to the swift rotating 
motion of the liquor, thus preventing its accumulation in the central part where 
the motion is much less. Two outlet pipes provided with hard lead valves con- 
nect with the pressure tank. These are placed one above the other to permit 
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1 This article is supplementary to Mr. Hofmann’s monograph published in Tar MINERAL Inpustry, Vol. 
VIII., under the title ‘‘Hofmann’s Method for the Manufacture of Blue Vitriol.” Patents for hig process 
have been obtained for the United States, France, Spain, the United Kingdom, and Mexico. 
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the withdrawal of a portion of the liquor if desired, in which case the paddle is 
stopped and the residues allowed to settle. In the usual working of the tank, 
however, the lower outlet pipe only is used. The wooden ring attached to the 
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Fig. 1 Stir Tanz Exevation anD SEcrion. 


rim of the tank prevents the splashing of the pulp. The tank and trestle- 
support are enclosed in a flat lead pan to collect any leakage. ‘The upper 
end of the shaft is provided with a gear wheel to receive the power. In 
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charging, the stir tank is filled with water, the agitator set in motion, and the 
acid added, followed by matte, until the solution finally becomes neutral. The 
acid is conveyed to the tanks by a lead pipe which leads from the acid storage 
tanks. The matte is conveyed by a special car, the box of which is partly covered 
having a slot at the dumping end for the gradual feeding of the material 
when the box is brought to an inclined position. During the process the charge 
is heated by a jet of steam. 

Below the stir tanks are two cast-iron pressure tanks into which the finished 
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FIG, 4 PLAN OF SUPPORTING FRAME 


Fies. 2, 3 AnD 4.—Cast Iron Pressure TANK. 


charge is drawn. On account of the residues the pressure tanks are in an 
upright position and are constructed as follows: The body consists of two cylin-: 
drical sections 4 ft. long and 4 ft. 6 in. in diameter, the bottom being of a 
spherical section of 2 ft. 3 in. radius and the top rounding upward to a height 
of 6 in. above the rim. The sections are tightly flanged, with a rubber gasket 
between. Four pipe connections are made through the top, the discharge pipe 
entering through the center passes nearly to the bottom and the filling pipe, air 
inlet and air outlet pipes are conveniently arranged around it. By proper con- 
nection with the filling pipe and by the use of valves, one pressure tank is made 
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to serve four stir tanks. The upper cylindrical section is provided with a man- 
hole, and the tanks are lined first with lead and then with wood to protect the 
lead from wear by abrasion. The air pressure required is from 40 to 50 Jb. 
Fig. 2 shows a top view, and Fig. 3 a vertical cross section of an upright pressure 
tank, while Fig. 4 illustrates the supporting frame. This tank is somewhat smaller 
than those used at Argentine, and has one cylindrical section instead of two. 
The general arrangement, however, is the same. The air inlet extends downward 
along the side, ending near the discharge pipe, in order to keep the residues near 
the outlet in a loose condition and prevent the pipes from clogging. For this 
reason it is advisable to have a small stream of air enter during filling. The 
residues are rather heavy and pack tightly around the discharge pipe in quite a 
thick layer, which, on applying the pressure, would be forced in this compact 
condition into the discharge pipe and the pipe leading to the filter press, causing 
them to become clogged. 

The pulp is forced by the pressure tank into a large filter press of which 
there are five in use. The press is 25 ft. long over all and has hard wood frames 
and plates 4 ft. square. The clarified solution flows from the press to a lead- 
lined tank from. which it is elevated to the purifying towers by means of a 
pressure tank, the hard-lead pumps formerly used for handling copper solution 
having proved failures. The apparatus in which the refining of the solution 
is done has been simplified and its cost of construction greatly reduced. The 
lead and iron framework of the towers has been replaced with California red- 
wood which makes an excellent material to resist the action of hot cupric sul- 
phate solution. The new towers, 9 ft. in diameter at the bottom, are constructed 
of staves 16 ft. long and 4.in. thick, which are well hooped with round iron; the 
bottom and top are flat. The towers are firmly fastened to a strong wooden trestle, 
which in turn is anchored to a concrete foundation. This construction is called 
for to guard against the oscillating movement of the tanks from the action of the 
contained solution, which is set in violent motion by the ascending air. Inside the 
tower, about 19 in. above the bottom, the 4-in. lead air pipe enters and is connected 
with a perforated 6-in. lead pipe which extends diametrically to the opposite 
side and is closed at the farther end. Outside of the tower the air pipe extends 
upward to above the top of the tower, and thence downward to the discharge 
pipe of an air compressor. This arrangement is necessary in order to prevent 
the solution from flowing to the air pump. At the same level with the air 
inlet, the 4-in. discharge pipe enters, which is provided with a hard-lead valve 
placed close to the outside of the tower. At about the same level a 1-in. steam 
pipe enters for heating the charge. The lead steam coil formerly used has been 
discarded and the heating is now accomplished by direct steam. This change 
was necessary as the lead coil required frequent repairs, and, moreover, the heat- 
ing effect of direct steam is much greater than that of a steam-heated coil. The 
solution does not lose in strength through the condensation of the steam, the 
evaporation which is favored by the ascending air fully equalizing the dilution. 
The top of the tower is provided with an 8-in. pipe for the escape of the vapor 
and air, and with a 4-in. pipe for charging the crude solution. An opening in 
the center supports a small hopper which is filled with roasted matte, and by 
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lifting a cone valve the charging is kept under good control. By the action of 
the air and the cupric oxide of the roasted copper matte in the neutral solution, 
the impurities are oxidized and precipitated. The perforated cones, of which 
there were three in each tower for the distribution of the compressed air through- 
out the solution, have been replaced by a sufficiently large perforated pipe. 
This change simplifies the construction without impairing the efficiency of the 
tower. In charging the towers, room must be left for the increase in volume 
of the solution which occurs as soon as the air is supplied. A tower of the new 
type can be charged with about 5,000 gal. of solution, and as three such charges 
can be refined in 24 hours the working capacity of one tower is 15,000 gal. per 
day. Hight of these towers are in use at the Argentine plant. Fig. 5 shows a 
vertical section of a tower of the latest construction. The air inlet pipe, which is 
horizontal within the tank, has only its lower half perforated to prevent the inflow 
of matte and precipitate. The steam pipe was formerly inserted direct through 
the wood, but as the latter became affected by the heat, it now enters through the 
manhole cover. <A similar effect was noticed with the bolts which passed through 
the wood to hold the flanges of the manhole, air inlet and discharge pipe. In 
the new construction these holes in the staves are cut much larger, and neither 
the frame nor the bolts are in contact with the wood. This is shown in the illus- 
tration. The two pipes are arranged in a similar manner. All iron parts on the 
inside of the tower are covered with heavy sheet lead. 

When the reaction is completed and the solution freed from impurities, the 
charge is drawn off and forced through a filter press. The tower residues, con- 
sisting mainly of precipitated iron, arsenic, antimony and some undecomposed 
matte, contain also some basic copper sulphate. ‘To remove the last named sub- 
stance the residues are treated in a stir tank with a 2°5 to 3% cold acid solution, 
which dissolves the basic copper salt leaving the impurities unaffected with the 
exception of iron, which is acted on very slightly. The refined solution is con- 
veyed to settling tanks from which the evaporating tanks are supplied. 

The evaporating department furnishes the crystallizing department with about 
90,000 gal. of concentrated solution daily. To supply this amount an improve- 
ment over the old pan evaporators with under-fire or steam coils was requisite, 
and as vacuum evaporators could not be adopted, I have introduced an economical 
and effective evaporator, which is illustrated in Figs. 6 and 7. The principles 
observed in the construction of this evaporator are the application of the hot 
furnace gases direct to the heating of the solution, and the almost complete 
utilization of the heat contained in them. The apparatus consists of a flat wooden 
tank with the exception of a 2-ft. space at the front end, which is made of steel, 
so that the wood will not be in too close proximity to the furnace. The tank is 
65 ft. long, 12 ft. wide and 2 ft. deep, and is lead-lined, the two ends having 
much heavier lead lining than the sides and bottom. It is traversed longi- 
tudinally by 13 six-inch lead pipes, and rests on a wooden trestle-work of a proper 
height to correspond with the height of the furnace. At the furnace end in each 
lead pipe is inserted a 5-in. iron pipe 4 ft. long provided at the outer end with a 
flange. The iron pipes serve to protect the lead pipes from immediate direct con- 
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tact with the red hot gases from the furnace, they also make the connections be- 
tween the lead pipes of the tank and the iron pipes of the furnace. 

The furnace is comprised of the fire-place C, the dust chamber D and the 
heat distributing chamber D. Ata proper height in the wall of the distributing 
chamber nearest the tank are 13 openings, in each of which is inserted a short 
cast-iron pipe, 5 in. in diameter with a flange at the outer end. Lach pipe is 
connected with its corresponding lead pipe in the tank by a cast-iron S-shaped 
elbow Y, which allows the introduction of the compressed-air pipe H for removy- 
ing any accumulation of ashes in the lead pipes of the tank. 

An American underfed stoker is used for the slack coal fuel, and affords prac- 
tically perfect combustion which is of great importance, as otherwise the lead 
pipes would soon become coated with soot and lose much of their efficiency to 
transmit the heat to the solution. 

The opposite end of the lead pipes in the tank are connected with the brick 
suction chamber QO, which in turn is connected by a galvanized iron pipe & with 
a suction fan P, the gases being discharged into the underground flue S. This 
flue serves in common to collect the waste gases from 11 evaporators, and ter- 
minates outside the building into a brick chimney 40 ft. in height. 

The top of the pan is closed with a wooden cover and joists @ are placed across 
the pan about 5 ft. apart, having cleats fastened to the lower side, as shown in 
Fig. 6. The spaces between the joists are covered with boards resting on the 
cleats and pushed close together, but not nailed, so that the whole or part of the 
cover can be easily removed. About 14 ft. from the front end of the tank is a 
14-in. suction pipe L, connected with the main suction pipe M, which crosses all 
of the evaporators to remove the water vapors. ‘This main suction pipe is con- 
structed of wooden staves kept tight by hoops. The suction pipe Z was first made 
of lead, but by some unexplained chemical reaction, it was destroyed after a few 
months of operation. Later a wooden tube was substituted, which was made in 
the same manner as the main tube. The latter is in connection with a large fan 
having the housing and wings of sheet copper and the shaft and arms of brass. 
This fan rapidly removes the vapor from each evaporating tank and by its use 
the building, even in cold winter weather, is entirely free from steam. A wooden 
stack serves for the discharge of the fan, and the strength of the exhaust is regu- 
lated by a wooden slide NV inserted below the suction pipe ZL. | 

Close to the end of the evaporating tank, and resting on the cover is the lead- 
lined feed box V, from the bottom of which is a short pipe or nipple leading into 
the tank. The solution supply-pipe 7, which crosses all the evaporators, is con- 
nected with the large supply tanks and serves to convey the solution to each 
evaporator by downtakes U. The outlet of the evaporating tank is in the side 
near the furnace end about 4 in. above the hot-air pipe B (Fig. 6). 

The operation is conducted in the following manner: the pan is first filled to 
the level of the outlet with the copper sulphate solution to be concentrated, the 
fire is then started and the suction and stoker fans set in motion. The big copper 
fan ig not started until the solution becomes hot enough to generate steam. Dur- 
ing the operation the level of the solution is kept at the same height by the occa- 
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2 United States Patent No. 683,281, Sept. 24, 1901. 
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sional addition of new solution through the feed box V. When it is found by test 
with a Beaumé’s scale that the solution near the outlet has attained the desired 
concentration, a continuous stream of weak solution is allowed to flow into the 
tank from the feed box, which starts a continuous outflow of concentrated solution 
through the outlet. The amount of incoming solution is regulated by frequent 
hydrometer tests of the solution at the outlet. The supply of fuel by the automatic 
stoker being very regular, the heat of the evaporator is very uniform and once 
having adjusted the proper influx of the weak solution the outflowing stream 
will be found of quite constant concentration. 

The object in making the evaporating pan of this length is to utilize the heat 
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Fig. 7.—PAN EVAPORATOR, 


of the fire-gases as much as possible. The glowing hot gases entering the tubes 
give off the main part of their heat to the solution within a comparatively short 
distance from the point of entrance and cause this portion of the solution to 
boil. In the passage of the gases through the tubes they gradually come into 
cooler regions and are offered an excellent opportunity to give off more of their 
heat to the surrounding solution, so that when they finally leave the tubes, their 
temperature is much below the boiling point of the solution. If the tank had 
been constructed of still greater length, say 100 or 125 ft., the gases would 
have left the tubes at a temperature about that of the surrounding air, thus 
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completely utilizing the heat generated. With the 65-ft. tank, the pipes at the 
exhaust end of the tank can be touched with the hand. 

The greater economy and efficiency of this type of evaporator, as compared with 
one having a steam coil or bottom fire, is apparent. The production of steam 
involves a considerable waste of heat, and in using it to evaporate liquids, its 
circulation through coils produces a large amount of condensed water at a tem- 
perature very nearly 100°C., the heat of which is generally lost. To evaporate 
by direct fire under the bottom of a pan is very inefficient and wasteful, and in 
the present case, in which no other metal but lead can be used for the pan, it 
requires great care and watchfulness to avoid melting the metal. 

For concentrating chemical solutions which are not affected by iron as, for in- 
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HORIZONTAL SECTION. 


stance, copper sulphate, the new evaporator described in detail above, can be con- 
structed entirely of iron or steel and at much less cost. The pan itself, however, 
should always be placed in a wooden tank to prevent loss of heat by radiation. 
The outflowing concentrated solution passes into a 6-in. lead pipe and is con- 
veyed to a collecting tank, which is covered to prevent the cooling of the liquor. 
At Argentine, one pipe serves to collect and convey the concentrated solution from 
11 evaporators. From the solution tank the hot solution is drawn into a hori- 
zontal pressure tank, and is elevated by compressed air to a system of troughs 
placed above the crystallizing tanks. The troughs are tightly covered with planks 
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to avoid cooling, which would cause crystals to form in them. In construction 
the troughs are of California red-wood, 10X11 in., in sections of 16 ft. The ends 
of the sections butt together and have an intervening rubber gasket. The sec- 
tions are drawn together by iron flanges fastened to the sides of the trough a 
few inches from the end, iron bolts passing through both flanges. Brass screws 
are used in making the troughs, as iron nails or screws would not last. The joints 
between the bottom and the sides are coated with a fairly thick cement, which is 
made by boiling together waste rubber, resin, linseed oil, and ferric oxide. 
The cement when properly made should be quite liquid when very hot and stiff 
when cold, but never brittle or so hard that it cannot be kneaded between the 
fingers ; nor should a piece of the stiff cement become liquid in water at a tempera- 
ture of 80 to 90°C. The cement is elastic, and, as it never hardens, it keeps the 
joints well filled and overcomes the difficulty which arises from the shrinkage of 
one board from another. It has given very satisfactory results in the Argentine 
plant and there has been absolutely no leakage in the troughs, which in aggregate 
length amount to nearly half a mile. 

The crystallizing department has 112 tanks, each of 720 cu. ft. capacity 
arranged in long rows intersected by several cross passages. Between each two 
rows is a track for transporting the blue vitriol crystals, on either side of which 
is a cement channel to receive and convey the mother liquor. The lead-lined 
wooden crystallizing tanks did not prove satisfactory, as the change in tempera- 
ture caused by each filling with hot concentrated solution expanded the lead 
which did not subsequently contract in cooling; as a result in course of time 
the tank lining became wrinkled and broken, and caused leakage and expensive 
repairs. The entire floor of the blue vitriol plant is made of cement in order to 
collect any leakage that may take place. At present the tanks are made of con- 
crete, and, though far superior to the original lead-lined wooden tanks, they do 
not come up to expectation because they also are affected by the sudden change in 
temperature when filled with the large bulk of hot concentrated solution. 
Although constructed with walls 20 in. thick, small cracks result, but leakage 
can be prevented by plastering a little cement on the outside of the tank. An 
experimental tank which has now been in use for several months seems to answer 
all requirements. It is built of bricks, having in the center of the walls a 2-in. 
space filled with a mixture of asphaltum and sand, which extends also from the 
sides under the bottom of the tank thus practically forming a tank by itself im- 
bedded in the brickwork. When héated by the sudden filling of the tank with 
hot solution, the asphaltum softens, and when gradually cooled it contracts with- 
out cracking. 

On the top of each tank are movable wooden frames supporting numerous strips 
of lead, on which the crystals form as well as on the sides and on the bottom of 
the tank. The solution remains seven days in the tank. At the expiration of this 
time the mother liquor is drawn off and the crystals removed. Ordinarily 16 
tanks are discharged daily, but during the hot summer months more time has to 
be given for the crystallization, and fewer tanks are discharged and refilled daily. 

The mother liquor is drawn off through a brass tube close to the bottom of 
the tank and flows in the above-mentioned cement channels in front of each row 
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of tanks direct to the three pressure tanks placed in a pit. These tanks elevate 
the mother liquor to large storage tanks, where it is mixed with fresh copper 
sulphate solution from the dissolving and refining departments, and is ready to 
supply the evaporators. When the crystallizing tank is empty, the movable frames 
with the lead strips and adhering crystals are lifted by a block and chain and the 
crystals knocked off with a wooden paddle. The crust of crystals from the sides 
is broken down. Rails are laid in recesses near the rim of the tanks so that 
the rails of the two opposite rows of tanks form a track for a hopper mounted on 
wheels. The crystals are ‘hoveled with copper shovels into this hopper, which 
fills the push car underneath through a spout with slide in the center. As the 
tanks are 6 ft. deep, the crystals have to be thrown at least 7 ft. high, and in 
doing this work some of the crystals unavoidably fall back into the tank, fre- 
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Fig. 8.—DEVICE FoR REMOVING THE BuLuE VrtrRIOL CRYSTALS FROM THE 
CRYSTALLIZING TANKS. 


quently striking the shoveler. It was found that this was very injurious to the 
men, especially in summer, when they are dressed scantily and perspire freely. 
Their bodies became covered with deep sores, obliging them to be replaced by new 
hands. These sores were not dangerous, but were very painful, and the men 
naturally shunned the work. Finally this branch of the plant was closed during 
the months of July and August. 

To overcome this very disturbing feature, I have constructed and set in suc- ’ 
cessful operation the device illustrated in Fig. 8. On top of the hopper is mounted 
the frame KA with a turntable and circular track underneath which rests on a 
number of stationary wheels and is kept in place by the pin P. The object of 
this turntable is to make the apparatus available for opposite rows of tanks by 
rotation through 180°. The frame K is provided with a belt elevator H with 
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copper cups, which can be brought into a horizontal position by means of the 
shaft F. On the same shaft are the pullies L and M which drive the elevator 
pulley N. The lower end of the elevator is provided with the boot B, which can 
be brought down to within a short distance from the bottom of the tank and into 
which the crystals are shoveled. The power is imparted by an electric motor on 
the platform of the frame, which receives the electric current by an overhead wire 
with trolley extending along the rows of tanks. From the time this device was 
introduced the men were protected from the injurious effect of the blue vitriol 
crystals even during the hot summer months, as they had to shovel them only a 
short distance above the floor. 

The push cars containing the crystals are wheeled to the sizing and drying 
department and lifted by a platform elevator to the rim of a bin, into which 
the crystals are dumped. From this bin the crystals are fed between a fast- 
revolving roll and a plate provided with teeth, which breaks the crusts of crystals 
without injuring the individual crystals. After passing the rolls the crystals 
drop into a small hopper having a short worm conveyor of copper at the bottom, 
which feeds a belt-elevator provided with copper cups. The elevated crystals drop 
into an inclined trough and are washed by a stream of mother liquor. They then 
drop into a hexagonal revolving screen having the shaft and arms of brass. The 
screen itself is of maple wood perforated with holes 0°375 in. in diameter. All 
crystals smaller than 0°375 in., together with the mother liquor, pass through a 
second inclined trough to another revolving screen, which is of sheet copper 
having 0°125-in. perforations. The mother liquor, with the very fine crystals, 


dirt, and sediment, after leaving the second screen is conveyed to an agitating 


tank and heated by a steam jet to dissolve the very fine crystals. The resultant 
solution is finally sent through a filter press, the clear liquor flowing to the storage 
tanks. 

By using mother liquor to wash and screen the crystals, the fine crystals are 
as clean and pure as those of larger size. At the present time the blue vitriol 
crystals are dried in 10 brass centrifugal machines and conveyed to the storage 
bins. 

The crystals, having been obtained from a neutral solution, are of a very deep 
blue permanent color which is not affected by light except in the direct rays of 
which is the case with 


the sun. They do not change into a bluish white powder, 


crystals made from an acid solution. 


COPPERAS. 


THE production of copperas in the United States during 1901 was 23,586 short 


- tons, valued at works at $112,366 against 12,374 short tons valued at $96,517 in 


the previous year. These figures do not include the quantity calcined for the 
manufacture of pigments, which is reported under production of “Iron Oxides.” 

Ferrous sulphate (FeSO,,7H,O) or as it is technically called “copperas,” is 
produced in the United States principally as a by-product of the wire and sheet 
steel industries of the country. The wire, rods and sheets are subject to a bath of 
dilute sulphuric acid for the purpose of cleaning and brightening the metal. This 
bath is used until it accumulates a large quantity of loose particles of metal, 
etc., when it is replaced by a new mixture. The waste pickling liquor is allowed 
to flow away as much as possible, but in thickly settled communities this is 
opposed on the ground of injury to sewage pipes, contamination of water supply, 
etc. In some places this waste acid is not allowed to enter any waterway, 
although some authorities claim that it is beneficial to a stagnant flow. In 
localities where this waste acid is not allowed to flow away, iron and steel manu- 
facturers utilize it for making copperas. The usual method followed is to collect 
the waste acid from the different pickling rooms into convenient tanks or reser- 
voirs, later removing it in lead-lined tank cars or by gravitation through pipe 
lines to the works (for treatment) which must be located outside the busy por- 
tion of the community on account of the acid fumes produced. When received 
at the copperas works, the liquor is tested to ascertain its percentage of iron, acid, 
cte., and suitable additions are made in order to form a liquor of proper composi- 
tion and strength. It is then run to large boiling tanks for the purpose of evapo- 
rating the excess of water which requires from three to four days to bring it to 
the proper strength for crystallization. The hot liquor is then drawn off into 
large vats or crystallizers and allowed to cool. The erystals form on the sides 
of the vats or on iron rods suspended therein and requires from three to ten 
days, according to the temperature. The crystals are then detached and sub- 
mitted to an additional drying process in order to eliminate any surplus moisture, 
and when this is done they are ready to be packed in barrels and marketed. 

Copperas crystals are used in. the manufacture of inks and blues, for polish- 
ing plate glass, for dyeing cottons and woolens, and in different branches of the 
chemical trade. 
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The bottom settlings of the tanks are taken by some of the manufacturers 
and calcined in furnaces with the aid of lime or similar material to make Venetian 
reds, Indian reds and iron oxides. The bottom salts are also used to some extent 
as a fertilizer and disinfectant, as a precipitant in some forms of chemical treat- 
ment of sewage and in gas works for purifying purposes. 

The largest producer of copperas is the American Steel & Wire Co., whose 
plants are operated in connection with the manufacture of wire at Worcester, 
Mass., Cleveland, O., De Kalb and Waukegan, Ill. Among the other producers 
are the Pennsylvania Salt Mfg. Co., Natrona, Pa., C. K. Williams & Co., Allen- 
town, Pa., 8. P. Wetherill & Co., Newcastle, Pa., The Atlantic Dynamite Co., 
Dover, N. J., Joseph Wharton, Camden, N. J., Charles Lennig & Co., Phila- 
delphia, Pa., the Forest City Manufacturing Co., Ellwood, Ind., and the Stauffer 
Chemical Co., of San Francisco, Cal. Small shipments of copperas are also made 
from time to time from Steubenville, O., where it is formed naturally by the 
oxidation of pyrite. 

The price of copperas at New York at the commencement of 1901 was about 
$10 per ton against an average of $14 per ton for the previous year. On account 
of the advent of new manufacturers in the field during the latter part of 1900, 
and the consequent increased production in excess of the normal demand, prices 
declined to $7 per ton, a figure which ruled the greater part of the year. These 
quotations are for carload lots, an additional $1 per ton being asked for lots 
of smaller size. At $7 per ton, which includes cooperage and transportation, 
there is a loss to the manufacturer, and for this reason two or three plants have 
discontinued operations during the year. The present capacity of the various 
plants now engaged in the industry is much in excess of the demand and unless 
some new outlet for the product should be found it will be 4 problem to dispose of 
the waste liquors in this form. There is no opportunity for export of copperas for 
the reason that England, France and Germany also produce it as a by-product 
in larger quantities and at a lower cost than the United States. 


PROGRESS IN ELECTRO-CHEMISTRY AND 
ELECTRO-METALLURGY IN Iogol1. 
By Joun B. C. KERSHAW. 


Ture electro-chemical and electro-metallurgical industries have not made such 
striking progress in the year 1901 as in the two previous years—1899 and 1900; 
and in some branches the results of overcapitalization and overproduction in the 
earlier years, have produced the customary evils, and have led to the closing 
down of plants and compulsory liquidation of the companies that owned them. 
These evils have been especially manifest in the calcium carbide industry, and the 
number of factories manufacturing this product at the end of 1901, 1s probably 
less than one-third of the number in operation two years ago. New develop- 
ments, however, are always liable to be unwisely boomed, and it must not be 
imagined that because the carbide industry has suffered considerably from specu- 
lative finance, that the electro-chemical and electro-metallurgical industries 
generally are in a bad way and liable to gradual extinction. 

The details given in the following pages show that 41 distinct products are now 
manufactured by aid of the electric current, that in the majority of cases the 
output of these products is increasing, and that a large number of the companies 
operating these new processes, can show highly satisfactory financial results. 

No very noteworthy new processes relating to electro-chemistry or electro-metal- 
lurgy have been widely developed in 1901. Anew method of preparing bauxite 
for use in the electrolytic baths for aluminum manufacture, may however cheapen 
the production of the light metal, and several patents have been granted for 
electro-metallurgical treatment of zinc ores which may possibly have an important 
future. Details of a remarkably simple process and apparatus for production 
of alkalies and chlorine (the “bell” process), have also recently been made public, 
although this process has been in operation several years in Austria. Full par- 
ticulars of these patents and processes will be found under their respective head- 
ings. 

ALKALIES AND BLEACH.—No striking progress has occurred in the electrolytic 
alkali and bleach industry during 1901. The number of works remains stationary 
at 31, and the power available in these is about 46,000 H.P. The most successful 
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works appear to be those using the Castner and the Elektron Companies’ processes, 
but even these have ceased for the moment to show any further expansion. It is 
not yet possible to present any very reliable figures for the total output of the 
electrolytic alkali works in Europe and America; since in numerous cases the 
power development is in excess of that utilized for the electrolytic decomposition 
of salt. Figures for individual works can, however, be given. At the new Mid- 
dlewich works of the Electrolytic Alkali Co., a 400-H.P. unit of plant was started 
in April, 1901, and a current of 4,000 amperes and 50 volts was used to work 
22 cells of the Hargreaves-Bird type. The plant has since been doubled and in 
October it was reported that 50 cells were yielding 13 tons of soda crystals and 
9 tons of bleaching powder per day. This company, and the Castner-Kellner 
Co., at Weston Point, use multiple-effect vacuum evaporating pans for concen- 
trating their alkali liquors. 

At Bitterfeld, Griesheim, and Rheinfelden, four electrolytic alkali works are 
operating, and from an official communication, the combined output of these 
works now equals 25,000 tons caustic potash and 40,000 tons bleach per annum. 
With these figures before one, it is interesting to note that in 1900, Germany 
imported 398 tons bleach and exported 25,953 tons of the same commodity. ‘The 
demand in Germany for bleaching powder is therefore now well covered by the 
domestic production. 

In this connection the following figures showing the proposed changes in the 
German import tariff for caustic alkali and bleach are of importance :— 

Caustic Alkali.—Old tariff, 50c. per ewt. New tariff, 42-5c. per cwt. 

Bleaching Powder.—Old ‘tariff, 36°5c. per cwt. New tariff, 24°5c. per ewt. 
Though reduced, the duties may still be regarded as prohibitive. 

In France the position is somewhat similar, for the domestic production is esti- 
mated to amount to 30,000 tons, while the exports in 1900 amounted to 11,300 
tons. In both France and Germany therefore, the market for bleaching powder 
is suffering from overproduction, which retards the development of the electro- 
lytic alkali industry in the two countries, The greater portion of the bleach 
output in France, is still supplied by the older Le Blanc process, and according 
to a reliable authority only 5,000 of the 30,000 tons made in 1900, was produced 
by the electrolytic decomposition of salt. This is particularly noteworthy, for 
of the five electrolytic alkali works in France, only one, that at Lamotte, appears 
to be working satisfactorily. 

With regard to the profits made by the companies working the various electro- 
lytic processes, the English Castner-Kellner Alkali Co., shows a gross profit of 
$314,760 and a net profit of $216,048 for the year ending March 31, 1901. A 
dividend of 5% was paid as compared with 8%.in1900, and $48,000 carried to the 
reserve. The fall in profits and dividend was attributed to the loss of the South 
African market for cyanides, and to the high price of fuel and raw materials. 
The Electrolytic Alkali Co., operating the Hargreaves-Bird process at Middle- 
wich, England, reports a net profit of $5,956 for four and a half months’ work of 
36 cells, and considers this a satisfactory result for the start of a new plant. The 


1Chemiker Zeitung, 1901, p. 122. 
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Chemische Fabrik Griesheim Elektron paid 5% for the year ending December 31, 
1900, as compared with 16% for 1899. This firm controls several subsidiary 
companies and works engaged in the electrolytic alkali industry, and owns an 
aniline color and picric acid works at Griesheim near Frankfort. A disastrous 
explosion and fire occurred in the picric acid department on April 25, 1901, and 
the reduced dividend for 1900 is probably a result of the losses incurred in that: 
disaster, by which 14 men were killed and 100 injured, in addition to enormous 
destruction of plant and property. 

The Electro-Chemical Co., which operated the Richardson and Holland gravity 
process at St. Helens, England, since 1895, went into liquidation during 1901. 

The profits to be obtained in the electrolytic alkali industry depend largely upon 
the working costs of the process used, and where diaphragms and mercury are 
dispensed with, these may be reduced toa minimum. ‘The following cost-estimate 
by Seibert has been published during 1901, and is of interest since it appears to 
be based on practical knowledge of one of the German secret processes.? 


ESTIMATE OF Cost OF 10,000 Ke. 91% CAUSTIC POTASH AND 15,550 KG. 35%} 
BLEACHING POWDER. 


Capital outlay upon plant, 700,000 marks. 


Marks. Marks. 
Electrical power. 1,650 H.P. gross......... 400 Wares:and: ropairsii: oscscccesie esses cellcce cs 570 
Potassium Chloride << siccssus cas vieceesilncsts 1,922 DEPreClatiOnes:. secs saw dieissis ae oles veins ee erosers 140 
Carbon ANOdOs 5 icis. pi vis.cis'avsieiaie sidiaie ooweresieeiars 137 Mana eemient oats siic css deseo neces cee scs eos 100 
NAD © oo igre; arn, ace' org ici siassinie bere arate graistererweiaistelocistes 140 Interest om Capitals. .iccciecices voile cclesis scsi 160 
PACKAGES Ha c.ciais sitla sielvid sorte n giclee cietereleete louse 374 
MOtal omc ccna sce laeea cio soe ate ie cosine 3,943 


Taking current prices for caustic potash and bleaching powder, this estimate 
shows the handsome profit of 5,227 marks, or 87% on the capital. The market 
for caustic potash is, however, a restricted one, though it is well known that the 
manufacture is a profitable one. 

Details of two processes of interest, have been published during the past 
year—namely, of the Acker “Fusion” process, and of the Aussig “bell” process. 
Both of these are working upon an industrial scale—the former at Niagara Falls, 
N. Y., and the latter at Aussig in Austria, and at Bitterfeld and two other places 
in Germany. The Acker process depends upon the use of molten salt as electro- 
lyte, with a cathode of fused lead. The first patent granted for this use of molten 
lead was No. 13,568 of 1893, to Vautin, a British inventor. A steam injector is 
used in the Acker cell to cause circulation of the molten lead cathode, and the 
decomposition of the alloy of lead and sodium is effected by this steam in a sepa- 
rate vessel. Fig. 1 is a diagrammatic section of the Acker cell. The chief 
advantages claimed for the process, are high output per unit of plant and reduced 
charges for fuel, since 98% caustic soda can be obtained in the decomposing vessel. 
No efficiency figures for this cell have yet been published. The mechanical diffi- 
culties that have to be overcome in carrying out this process on a large scale are 
great and it is yet doubtful whether all of these have been surmounted. In July, 


3 Hlektrochemische Zeitschrift, November, 1901. 
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1901, however, Mr. C. E. Acker stated that the process was in successful operation 
and that solid caustic soda was being produced without any evaporation. The 
works at Niagara Falls are planned to utilize 2,400 K.W. electrical energy. 

The “‘bell” process is an old one, and has been experimented with at Aussig 
since early in the nineties. Details of the cell construction are still kept secret, 
but the broad features of the method are described in English Patent No. 16,129 
of 1898. Fig. 2 shows a diagrammatic section of the cell. In this diagram a 
represents the anode, d the bell, and ¢ the cathodes; while fresh brine is fed into 
the anode chamber by the pipe e, and the chlorine gas escapes by the pipe g. The 
caustic alkali solution leaves the cell by the overflow pipe f. The process is a 
gravity process, no diaphragm being used, and by careful regulation of the re- 
spective positions of the anode and cathode and of the flow of brine to the anode 
compartment in the interior of the bell, it is said to be possible to keep distinct 
the three layers of electrolyte present in the cell. Owing to the absence of oxygen 


=} 
tH 
4 


aezzzzzzze) 


Fig. 1.—Cross SECTION OF THE ACKER HLECTROLYTIC FURNACE FOR ALKALI. 


compounds in the anode compartment of the cell, the life of the carbon anodes is 
enormously increased and ordinary thick lamp carbons are said to last 21 months. 
The current efficiency is reported to lie between 85 and 90%, and the strength of 
alkali solution obtained varies between 100 and 150 g. NaOH or KOH per Liter. 
The “bell” process is therefore one of the simplest of the electrolytic alkali 
processes now in use and the running costs would appear to have been reduced to 
a minimum. It is noteworthy that careful attention to details of construction 
and working has turned a process which failed at St. Helens into a'success. The 
process has passed beyond its experimental stage and 24,000 “bells” are now used 
in the four works named above, a number which will be increased early in 1902. 
Tt is believed that the Bitterfeld and Griesheim works are employing this process 
although official confirmation cannot be obtained. A new patent has just been 
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granted relating to the treatment of the mixed potassium hydrate and chloride 


liquors obtained by the “bell” process. The liquors are boiled down to the point 
when KOH commences to crystallize out. Cooled to a temperature lying between 
55° and 60°C., this concentrated solution yields crystals of caustic potash con- 
taining 70% KOH, 29°5% H,0, and only 0:073% KCl. The latter salt only 
commences to crystallize out in quantity when the temperature of the mother 
liquor has sunk below 35°C. 

The Oesterreichische Verein fuer Chemische Production, which owns the “bell” 
patents, and the Salzbergwerk Neu Stassfurt, another Austrian company, have 
now combined to work these two patents.in Austria, and a considerable increase 
in the Austrian production of electrolytic alkali and bleach may be expected in the 
near future. 


Fia. 2.—DIAGRAMMATIC SKETOH or THE “BELL” Tyrr or Graviry CELL. 


From a recent communication with the Austrian company controlling the 
“bell” patents, an estimate of costs has been taken which, owing to the importance 
of the process, is here reprinted in full. For the sake of comparison with 
Seibert’s estimate given above, all weights and values are expressed in kilograms 
and marks. 

Daily costs of a plant consisting of four 600-H.P. generating units, producing 
14,000 kg. 90% caustic potash and 21,600 kg. bleaching powder per day. Outlay 
on plant, 3,000,000 marks. Working capital, 200,000 marks. 


Marks, Marks. 


Electrical enerzy (1,400 K. W. for 23 hr. per day) 507 = (IRA CKAMER Hen cic la seen tiisse cok ae ote en Onan 350°00 
Steam for concentrating caustic liquors...... 136°50}} General expenses (20%) ..........eceececeeeeess 1,088°45 
POtaSsiMChiOrWO ss cic sists silo eltsies seiner: 8,382" 00 Depreciation (7% on 3,000,000 marks)........... 573° 65 
Coustie lime (13,400 kg.@15°8 M. per 1,000 kg.) Bt: S Interest (6% on 3,200,000 marks)............000: 436°90 

BOS nie ce tie Sea's oe Maia raha lel" ceeke behets igae ate)clate zo ae 
ROPAITS Horas cere. cette tere scene ure ciereni nieces 367° 50)) Totalrccee Gore hasudet este veto ecee tee | 7,426.75 
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Taking the prices for caustic potash and bleaching powder previously given in 
the table referred to earlier in this paper, the value of 14,000 kg. 90% alkali and 
21,600 kg. 35% bleaching powder works out to 12,740 marks. This leaves a 
margin between the actual cost and sales value of the products sufficiently wide to 
cover all manufacturing contingencies and to leave a satisfactory surplus. 

Details of an interesting laboratory investigation by Adolph, using the “bell” 
type of cell have been published during 1901. The best results were obtained 
with platinum anodes, the current efficiency under favorable conditions as regards 
temperature and concentration, rising to 97°68%. With carbon anodes the 
results though lower were still eminently satisfactory, efficiencies of 92°97 and 
92-68% being recorded in two separate experiments. The possibility of working 
continuously with this form of cell was proved by an experiment lasting seven 
days, during the last five of which, fresh salt solution was fed continuously into 
the anode compartment of the cell. The current efficiency obtained during this 
trial was 82°1%. Adolph closes his paper by urging the technical importance 
of these results, and he will no doubt be gratified to learn that the “bell’’ process 
is already an industrial success and is rapidly extending. 

Franke has described during the past year laboratory investigations with a 
new form of mercury cell in which a falling stream of mercury is used as cathode 
between carbon and platinum anodes of large superficial area. The advantages 
claimed for this type of cell compared with the other forms of mercury cell are 
higher eleqtrical current efficiency and a reduced weight of mercury. In a large 
scale experiment, a flow of 500 g. of mercury per second sufficed to carry a current 
of 160 amperes at 4 volts pressure, with carbon anodes, and when platinum was 
substituted for carbon, a flow of from 100 to 150 g. mercury sufficed to carry the 
same current. Cells of glazed stoneware only 31:5 in. square, provided with 
alternative anodes and cathodes, can be utilized to pass currents of 3,000 amperes 
and 4 volts, so this form of cell certainly economizes space. Owing to the rapid 
flow of mercury through the cell, the amalgam obtained is not rich in sodium and 
this, though an advantage from the current efficiency point of view, is a disad- 
vantage when the decomposition of the amalgam has to be considered. 

Coehn and Geisenberger have also pztented a novel procedure for overcoming 
some of the difficulties met with in the electrolysis of brine on a commercial 
scale.° The principle of tleir. method is the separation of the alkali hydrate in 
a solid form at the moment of its formation at the cathode—a result they achieve 
by working the electrolyzer at a temperature lying between —30° and —38°C. 
The form of apparatus required for attaining this low temperature is complicated, 
and as the expenditure involved would be excessive, in addition to loss of energy 
efficiency, the method though ingenious can hardly be considered of practi- 
eal value. 

The question of anode material still remains an important one for the electro- 
lytic decomposition of sodium or potassium chloride. The statement of the 
Aussig Co. that with its “bell” process, when properly SOROS ordinary thick 


3 Zeitschrift fuer Elektrochemie, May 2, 1901. 4 American Blectrician, March, 1901. 
5 Hlektrochemische Zeitschrift, Sept.1, 1901; German Patent No. 121,982, of 1900. 
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lamp carbon will, last nearly two years, is most remarkable, and shows that the 
companies using this process must have a great economic advantage over those 
employing processes that involve frequent renewals of the carbon anodes. The 
Castner-Kellner Alkali Co. is reported to be using the Acheson graphitized car- 
bons, which are no doubt one of the best forms of artificial carbon for anodes now 
on the market. Formerly this company prepared carbon for its own use. But 
even graphitized carbons slowly disintegrate in most forms of electrolytic alkali 
cell and this consumption and waste of carbon has a further disadvantage besides 
that of cost. The carbon oxidized at the anode, escapes from the cell as carbon 
dioxide with the chlorine gas, and its presence leads to difficulties in the produc- 
tion of high strength bleach. To such an extent is this difficulty experienced in 
some works, that special means have had to be taken in order to free the chlorine 
gas from carbon dioxide before admitting it to the bleaching powder chambers. 
Experimental researches carried out by Sproesser with anode carbons in alkali 
chloride cells during 1901, prove that its waste and disintegration is caused by the 
presence of oxygen compounds in the electrolyte at or near the surface of the 
anode, and the life of the carbon anode increases as the formation of these com- 
pounds is hindered or suppressed.® This result appears to have been satisfactorily 
achieved only by the Aussig bell cell, which is therefore the most economical as 
regards cost of anodes in actual use. 

Nothing very new has been published on the subject of diaphragms during 
1901. Seibert in the article already referred to, states that in the German works 
using a diaphragm process, it is customary to form diaphragms im situ in the 
cells by the use of a mixture of salt and cement. When this has hardened, the 
salt is dissolved out and a porous cement diaphragm remains ready for use. Such 
diaphragms are said to last six months and to possess a longer life than asbestos 
diaphragms. In this connection it is stated that a curious sickness broke out 
during 1901 among the men who remove the diaphragms from the cells at the 
electrolytic alkali works at Lamotte, France. The “Elektron” process is used at 
this works, and the disengagement and breathing of Cl,0 compounds is believed 
to be the cause of the trouble. In this respect the “bell” and mercury processes 
have a common advantage, for neither requires diaphragms in the cell. 

As regards the electrical efficiency of the various processes, only few figures have 
been published during the past year. From authoritative sources it is stated that 
at the Middlewich works of the Electrolytic Alkali Co., 1,000 watt-hours decom- 
pose 1 lb. sodium chloride. The theoretical figure is 2°08 lb. and the energy 
efficiency of the process therefore works out to 48%, as compared with 54% in 
the trial runs at Farnworth." The current efficiency with the Aussig bell process 
is stated to lie between 85 and 90%. As no diaphragm is used, the E.M.F. re- 
quired by this process must be low and the energy efficiency will therefore work 
out over 50%. It would be interesting to compare with these figures those 
obtained by the Acker fusion process at Niagara Falls, but up to the present, no 
efficiency figures for this process have been published. Efficiency figures for the 
very similar Hulin fusion process, are given in the article just referred to. 


® Zeitschrift fuer Elektrochemie, November and December, 1901. 7 Electrician (London), March 4, 1898, 
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Patent litigation in the electrolytic alkali industry during 1901 has been 
restricted to preliminary legal skirmishes in the British courts relating to the 
new case, the Commercial Development Corporation vs. the Castner-Kellner Al- 
kali Co. The decision in favor of the former company in the appeal case carried 
to the House of Lords in 1900,° did not exhaust the possibilities of the situation, 
and the Commercial Development Corporation is now taking action against the 
rival company on the basis of English patents granted to Atkins and Applegarth 
in the years 1882, 1886, 1888 and 1890. These patents have passed into the 
possession of the plaintiff company, but the situation has been complicated by 
a clause in the purchase agreement under which Atkins and Applegarth (the 
vendors) were to proceed against the Castner-Kellner Co., for infringement. 
Atkins and Applegarth have not carried out this action, however, and the legal 
procedure in this new infringement case has consequently got itself into one of 
those tangles much beloved by the legal profession—on account of the opportuni- 
ties they afford for a display of legal acumen and for the piling up of handsome 
fees. The Commercial Development Corporation has at last received permission 
to proceed in its own name with the action entered for trial in the names of Atkins 
and Applegarth, and possibly by the end of the year 1902, this case may have pro- 
gressed through the first stage and be awaiting the inevitable appeal proceedings. 

ALUMINUM.—(See the special article on this subject elsewhere in this volume.) 

Buiion Rerinrne.—The electrolytic methods of refining gold and silver are 
slowly making headway in Europe and America, and refineries of this character 
now exist in London, Hamburg, Frankfort, Pforzheim, Philadelphia, Perth 
Amboy, and at one place in France. The Moebius process of refining silver, is 
in use by Johnson & Sons in London, at Hamburg, and at Perth Amboy, in 
America. The Gutzkow or Réssler process, is worked at the Frankfort Refinery 
of the Deutsche Gold und Silber Scheideanstalt, while at Pforzheim, the Dietzel 
process is employed. The latter process depends upon the use of a solution of 
copper nitrate in place of the silver nitrate used in the Moebius process. This 
electrolyte deposits copper at the cathode and dissolves copper and silver at the 
anode. When the silver in solution has reached a certain degree of concentration, 
the electrolyte is removed from the vat and the silver is displaced chemically by 
means of copper filings, or sheet cuttings. Special treatment is required to 
remove the other impurities, and the acidified solution of copper nitrate is then 
returned to the depositing vats for electrolysis with new anodes. Using silver- 
copper alloys as anode material, the value of the recovered copper in some cases 
is said to cover all the costs of the process. 

The Wohlwill process for separating gold-silver alloys, is in use at Hamburg, 
in France, and in Philadelphia, Pa. The process is covered by the English Patent 
No. 7,783 of 1896, and is based upon the employment of an acid solution of auric 
chloride as electrolyte, with anodes of gold-silver alloys, assaying 0°850 fine of 
gold. A current density of from 1,000 to 2,000 amperes per sq. m. of anode 
surface is required, with a temperature of from 60° to 70°C. 

A refinery for the treatment of gold and silver bullion, is reported to have been 


er 


§ MinzRAL Industry, Vol. IX., p. 603. 


ELECTRO-COHEMISTRY AND HLECTRO-METALLURGY. 253 


erected by the Deutsche Gold und Silber Scheideanstalt in Sweden, but particu- 
lars concerning it are not yet published. 

No separate figures for the output of the European refineries can be given for 
1901, but in 1900 the Frankfort refinery was reported to have produced 261,312 
oz. gold, and 7,186,080 oz. silver. The combined value of the precious metals re- 
covered by the Hamburg and Frankfort refineries in the same year is estimated to 
have amounted to $12,000,000. 

CarBoRUNDUM.—The manufacture of this product (silicon-carbide) is carried 
on under the Acheson patents at Niagara Falls, N. Y., and at several small works 
in Europe. The latter, however, have mainly been erected to protect the patent 
rights in those countries which demand local operation of the protected process, 
und the Niagara works practically controls the output. In 1901, the production 
at Niagara Falls amounted to 1,741 metric tons, as compared with 1,089 tons in 
1900. Over 2,000 H.P. are now being utilized in the manufacture. During 1901 
the carborundum company increased its capital to $1,000,000. The European 
works are situated at La Bathie, France ; Iserlohn, Germany, and Prague, Austria. 

CHLORATES.— (See the detailed report on page 589 of this volume.) 

Coprer.—The appendix to the presidential address delivered by Swan befor. 
the Society of Chemical Industry at Glasgow in July, 1901, contained some intez- 
esting facts relative to the present position of the electrolytic copper industry in 
Europe. A circular letter and form-had been sent out to the 29 refineries sup- 
posed to be operating in Europe, but of these only 11 had replied to the inquiry. 
The information obtained is reprinted in Table I. below; the letter N in the three 


Horse Power. Output 
Name of Firm. Locality. Source of Power.|—_] 1 | 12,1900. 
Available} Utilized.| Tons. 
Mansfeldische Gewerkschaft...............- Hisleben ......... Steam and gas... 100 N N 
Bergbau u. Hisenhiitten Gewerkschaft...... Wittkowitz...... SUOMI ay cferesisiels cia 10 10 180 
Elliott's: Metal Company. 0.0 0. cesses ee Pembrey........1.. Skee hlstnaeoosouee 600 (?) N 
Allg. Elektro-metallurgische Geselischaft..|Papenburg...... SUORTN s os sicisacreres N N (?) 
Te BOlroniGessOnSiien cok ituieg races mace ciate tes Oakamoor....... SUBMIT a. ceceiisele te (?) (?) N 
Etablissements Industriels. E.C. Gramont.|Pont-de-Cheruy..|Water............ 150 50 150 
English Electro-metallurgical Co............ Munsletic:t 2.2 3% Steam...... SR hts N (?) (2) 
K6nigliches Hiittenamt, ........ 60... cess eee OReri et esvanc: Water and steam N 
Elmore’s Metall-Akt. Gesell...........0.008. Schladern ....... Water and steam| 500, 360 850 1,200 
K6nigliche Hiitten-verwaltung..........0..- BriRle re oi. fs cccll WWALOR cece ecce nes N N N 
Nord-deutsche Affineric..........-cseeseeces Hamburg........ Steam, csi ciiciesiats N N N 
Elektro-Metall-Werk Nikolajeff............. Moscow.......... SCCAM iecccern es se 60 35 350 


last columns denoting that figures were received, but not for separate publication. 
The aggregate production of nine refineries in 1900 amounted to 18,962 tons of 
copper, and Swan estimates that the total European production of electrolytically 
refined copper is now less than 37,000 tons per annum. Most of the German, 
Austrian, and Russian refineries are working on a very small scale, and many 
appear to be dependent upon local mines for their supply of raw copper. As an 
example of the smallness of some of the European refineries, the annual pro- 
duction at Wittkowitz, Austria, of 180 tons; at Pont-de-Cheruy in France, of 
150 tons, and at Besztercyebanya, Hungary, of 106 tons, may be noted. The 
growth of the electrolytic refining industry in America and the practical 
monopoly of the supplies of copper best suited for the electrolytic process which 
these refineries enjoy, has hindered further development of the industry in Europe. 
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The refineries at Swansea and at Pembrey in South Wales, and at Hamburg, 
all of which formerly had no difficulty in obtaining a sufficient amount of raw 
copper, are now handicapped by this absorption of American supplies and their 
output of refined copper has consequently diminished in recent years. Possibly 
the opening of new mines in Australia and Canada during the last two years will 
improve the position of European refineries. 

The refining companies engaged in the manufacture of copper in tube and sheet 
form are operating with varying success. The parent English company, working 
the Elmore process at Hunslet, has changed its name and is now known as the 
English Metallurgical Co. It has been engaged in the usual litigation with sub- 
sidiary companies during 1901 and has paid no dividend to its patient and long- 
- suffering shareholders. The plant at the Hunslet factory near Leeds has been 
overhauled, and the Secretary stated in December, 1901, that work would 
be resumed on a large scale in January, 1902. This company has suffered 
from three evils: overcapitalization, litigation and an incomplete process. The 
French and German Elmore companies with works at Dives and Schladern 
respectively, are more successful; the latter company had a striking exhibit at 
the Paris (1900) Exposition. The Schladern works produced 1,200 tons copper, 
chiefly as tubes, in 1900 and the demand for its product is growing. The French 
company is still more successful, and 7,000 tons of copper chiefly in tube form, 
was reported to have been sold in 1900. Its report for the year 1900 showed a 
gross profit of $221,000. 'The raw copper used in this refinery is obtained from 
Chile and Japan. Both of these foreign companies are said to work a modified 
form of the original Elmore process and the tubes are drawn down, after deposi- 
tion. At Schladern, according to Haber,® a current of 250 amperes per sq. m. 
is used, with an E.M.F. of only 0°70 volts.. With regard to the Dumoulin process, 
in which strips of skin replace the agate burnishers, the directors of the Electrical 
Copper Co., operating this process at Widnes, Lancashire, have decided to sell 
the plant and patents. At the fifth annual meeting, held in London on December 
27, 1901, it was stated that the failure to earn profits at Widnes had been due 
to three causes—namely: small output, high price of fuel, and heavy interest 
on loans. The Widnes works were shut down in July, 1901, and are not to be 
restarted. As the enormous sum of £405,000 in cash and shares was paid by 
this company for the Dumoulin patents, overcapitalization might well have been 
included by the directors as a fourth cause of failure. 

The Cowper-Coles centrifugal process, in which the skin friction of the electro- 
lyte supplies the place of agate burnishers and strips of skin, was reported to be 
about to receive industrial trial in January, 1901, but no details of this trial have 
yet been published. The Hoepfner extraction process is operated at Papenburg, 
Germany. The ore is leached with a hot cupric chloride solution, and the iron, 
nickel, lead, and silver, are separated by a combined chemical and electrolytic 
treatment. It is reported that ores containing 3°5% Cu are being employed, and 
that a current efficiency of 90% is being attained with an E.M.F. of 0°80 volt. 
Although this process was previously tried at Giessen and Wildenau with poor 
results, better success has attended the Papenburg en, and 1 E.H.P.-day 
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of 24 hours is said to be yielding 54 kg. copper. The chief difficulty is to prevent 
the deposited copper from being redissolved in the electrolyte. 

A recent United States consular report gives some interesting historical details 
relating to the Siemens & Halske copper extraction process, in which ferric 
sulphate was used as leaching agent, a diaphragm being employed to separate 
the anode and cathode compartments of the cell. The process was patented in 
1886 and tried at Geneva in 1890, and at Stolberg about 1893. Both plants 
failed, probably owing to excessive cost of maintaining the diaphragms. Without 
diaphragms, the copper cathode dissolved in the ferric sulphate as it re-formed 
at the anode. It is therefore probable that the history of the Marchese and Sie- 
mens & Halske processes may be repeated in that of the Hoepfner copper extrac- 
tion process, in connection with the working of which, the same difficulty is 
reported to have arisen. 

The growth and progress of the electrolytic refining industry in America, have 
been dealt with elsewhere in this volume (see p. 218). The disastrous collapse 
of the “Amalgamated Copper Company’s” control of the market and price has 
also been referred to at length, and its effects on the collateral industries de- 
scribed. The effect of the striking fall in price, upon the new mining companies, 
floated in London in 1900 and 1901, has however not been specially dealt with. 
It must be first pointed out, that the collapse has been practically due to the 
increased production of mines outside the control of the Amalgamated Copper 
Co. in America, and the Rio Tinto Co. in Europe. The effect of the increased 
price at which copper was sold in 1899 and 1900 called into existence a large 
number of new mining companies, having as their object either the re-opening of 
old mines or the exploitation of new ones. In this connection it may be of 
interest to give details of the copper mining company flotations in London during 
1899 and 1900. The figures are presented in tabular form in Table II. 


TABLE II.—NEW COPPER MINING COMPANIES—FLOATED IN LONDON 1899-1900. 


Date of 


MS Name of Company. Locality of Mines.| Capital. Wistation: Remarks, 
1 | emo Minin iGots sisi hse eicte oleic ti caseahaisiee hom B. Columbia....... $4,800,000 |December..1898]............ 
2| Copper Corporation of Chile..............0000.- CHUGH iaaieccseve tet 960,000 |December..1898]Old mines. 
8] Mid Moonta Copper Mines ........scsssscececees S. Australia ....... 624,000 | December..1898]............ 
4|Mount Lyall Comstock Copper Co.............. Tasmania s.sccscses 2,400,000 |January...1899]............ 
5 MoppenKaines tdi ss wicavecevttelectderceccsaeess @ahlormiavses ens 1,700,000 |January...1899]............ 
6| Balla Balla Copper Mines, Ltd.................. Australia, N. W.... 1,200,000 |February "1899 Old mines. 
7\Colonial Copper Corporation........cceeseeeeees New South Wales.. 600,000 |April...... 1899) Old mines. 
8|Einasleigh Freehold Copper Mine............... Queensland........ 960,000 |May........ TROD ere ekine stone 
9|Tablas Finana Copper Co..........csccceceseers Spanien aevienecseces 720,000 |May..... Ser Old mines. 

10) Panuco Copper Co. (in liquidation).............. MOXICO aes simcanee 2,400 000 |May........1899!............ 

Ji| Phe LloydiCopperCon. sac cic kie oo ccesss hose New South Wales.. 1,200,000 |May........ ieee Old mines. 

12|Copper Company of British Columbia.......... B. Columbia....... 480,009 |July....... NBSO i ce tcaehe« 

18|Amdilla Copper iMimes 20.25 .siccecsocele teen adecdias Portugal <.icu5 vecvs 576,000 |May........ BBOO| iets ce eee sie 
14| Mount Lyall Blocks Copper Corporation PASMANIG «occ o's 1,440,000 |August....1899]............ 
15| Caledonia Copper C0........ccccscesseosees ...|New Caledonia....| 3,600,000 |August....1899]..........0% 

16] Mount Chalmers Copper Mines, Ltd....... ...|Queensland........ 720,000 |August....1899]............ 

17| Le Roi (No. 2, Ltd.) Copper Mines.......... cee} Be Columbia. .ov..; 2,880,000 |June....... TOOU Bars ceversrete cie\ere 

18] Velvet (Rossland) Mine, Ltd.. ............ ...|B. Columbia....... 960,000 |June....... LOQONS se-cicickicamers 

19] Rossland & Great Western Mines, Ltd.......... B. Columbia....... 2,400,060 |July. ..... WOOO ai sieease ciatetoreiare 

20| Wandilta Copper Mines, Ltd.............ce0000. Australia (?)....... 576,000 |December.1900]...........- 


PUGET co's hes Stee ie oe ee es BS ee ee $37 106,000. ee ae ee 


That the properties of which these companies gained possession, contained 
workable copper ores is no doubt true; but estimates of profit based on G. M. B.s 
selling at £70@£75 per ton, are apt to be falsified when the price has fallen to 
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£48, and unless the value of copper speedily returns to its former level, the finan- 
cial prospect for many of these new mining companies will be far from rosy. It 
is not every copper mining company that is capitalized on the moderate basis 
of the Rio Tinto Co., which in 1900 paid its ordinary shareholders an 85% 
dividend. The tendency is for promoters to multiply the maximum estimated 
profit by ten in order to arrive at a fair (?) capital valuation, and when the maxi- 
mum profits are based on copper at £74 per ton, the results of this system of 
finance may prove disastrous for the original investors. 

FERROCHROME AND SIMILAR ALLOYs.—Ferrochrome is being produced by the 
Willson Aluminum Co. at a new factory on the great Kanawha River, Va. 
Chrome ores from Asia Minor are used and an alternating current of 3,000 H.P. 
is employed in smelting these ores in the electric furnace. The ferrochrome pro- 
duced contains 70% Cr and is used by the Carnegie and Bethlehem Steel com- 
panies in the manufacture of armor plates. The same alloy is made at Froges in 
France by the Société Electro-metallurgique Frangaise; in this case also the 
electric furnace is used to smelt the ores. At Essen in Germany, ferrochrome 
alloys are made by the Goldschmidt process, in which powdered aluminum is 
used as the reducing and heat-producing agent. (See “Aluminum—Utilization,” 
p. 23, this volume.) The ferrochrome alloy containing from 66 to 70% Cr, 
30 to 34% Fe and less than 1% C, is said to be the best for use in steel-making 
as it melts rapidly. Chromium containing 96 to 98%. metal made by the Gold- 
schmidt process is not so useful, as it contains from 2 to 4% impurities—chiefly 
aluminum. The price of 66 to 70% ferrochrome in France is 1,000 fr. per ton, 
and of pure chromium 775 fr. per kg.; but overproduction in this industry is 
already reported. 

Ferrosilicon is produced at Meran, by heating in an electric furnace 1,000 
parts scrap iron, 410 parts quartz sand and 390 parts coke. The alloy contains 
21°57% Si, and costs 200 fr. per ton. The yield is 0°2 kg. per K.W. hour. 

Ferrotitanium is produced at Niagara Falls by heating scrap iron, titaniferous 
iron ore and aluminum in the resistance type of furnace; early in 1901, Dunlap 
reported that 500 lb. were being produced per 24 hours. Ferrotitanium contain- 
ing 25% Ti and 0:40% C is sold in France at 10 fr. per kg. 

Silicon-copper is reported to be made by the Cowles Electric Smelting Co. at 
Lockport, N. J., and is employed as a deoxidizer in foundry work. No details of 
its manufacture are available for publication. 

HyPocHLoritEs.—(See report under this title, elsewhere in this volume.) 

Tron AND StEEL.—The possibility of smelting iron ores in the electric furnace 
has been proved by the experimental trials of the Stassano process at Rome in 
1899 and a plant utilizing 1,500 H.P. has been erected at Darfo in northern 
Italy for the exploitation of this process on an industrial scale. The company 
possesses a capital of $172,000 and it is expected that iron will be produced at a 
cost of 100 fr. per ton, as compared with 160 fr. per ton by the ordinary smelting 
methods employed in Italy. The works is designed for an output of 4,000 tons 


10 A detailed description of the manufacture of titanium and its alloys is given in Taz MINERAL INDUSTRY, 
Vol. IX., pp. 715-230. 
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of iron per year and ores from the mines in the Bergamosca Alps will be used. 
Goldschmidt, after inspecting the smelting furnaces in operation at Darfo on 
June 19, 1901, has reported favorably on the prospects of this process. Other 
experimental trials of the electric furnace for the reduction of iron ores have been 
carried out at Prague in Austria, at Le Praz in France and at the Giisingen 
foundry in Sweden. The latter works is said to be producing 1,200 kg. steel per 
day by the Kjellin process and a large installation of smelting furnaces in con- 
junction with a power station at Dalef is now planned. The erection of an 
electric smelting works for dealing with the hematite ores of the Bernese Oberland 
is also projected at Meiringen, in Switzerland; power from the river Aar is to be 
utilized in this undertaking. Detailed figures for the experimental trials have 
been published only in the case of the Stassano process, and after submitting 
these to a close examination,’ it appears that the electric-furnace methods of 
iron and steel production can only succeed in localities where coal and coke are 
abnormally high in cost, and in countries having heavy protective duties on iron 
and steel. 

LEAD AND ITs Compounps.—The Electrical Lead Reduction Co., at Niagara 
Falls, N. Y., with a capital of $12,000,000, operates with 600 H.P. Galena is — 
the raw material of the process and is reduced in the electrolytic cells to spongy 
lead, the sulphur being eliminated as H,S. This gas is burned to yield 
sulphuric acid and the lead is converted into 99% litharge for use in the manu- 
facture of rubber and for accumulators. The present capacity of the works is 
10 tons spongy lead per day. The manufacture is reported to be successful, the 
works have been enlarged after a fire in 1900. 

MISCELLANEOUS PropucTs.—Ammonium Persulphate and Potassium Perman- 
ganate are produced by electrolytic methods at St. Michel, France, by the Société 
d’Electrochimie. The former salt is much used for bleaching purposes, and in 
photography. 

Antimony is being extracted from its ores by an electrolytic method at Banya, 
Hungary, but it has not been possible to obtain any details of the process used. 

Arsenic.—The Arsenical Ore Reduction Co. at Newark, N. J., is about to 
operate the Westman electric furnace method of treating these ores. Rich 
mispickel from Ontario is to be employed and in the preliminary trials with this 
ore, 1°27-K.W. hours were said to suffice for smelting 1 ton of ore. All the sul- 
phur in the ore combines with the iron and the arsenic distils over in the gaseous 
state. . 

Artificial Graphite’ is produced in increasing quantity in the electric furnace 
under the Acheson patents by the International Acheson Graphite Co. at Niagara 
Falls. The method depends upon heating amorphous carbon in presence of 
ferric oxide, to a very high temperature ; the iron is volatilized during the process 
and the carbon is graphitized. European factories for carrying on the same 
manufacture exist at La Bathie in France and at Benetek in Hungary. At 
Chedde and at N. de Briancon in France, graphitized carbon for electrodes is also 


11 The Electrical Review (London), June 15, 1900. 


12 Further details of this process are given elsewhere in this volume, under the caption ‘t Graphite.” 
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produced by Messrs. Corbin et Cie. and by the Société des Carbures Metalliques 
of Paris. , 

Glass Making.—One of the latest proposals for use of the electric furnace is in 
glass making, and’ several forms of furnace for this purpose have been patented 
and are now undergoing trial. Full details of the experiments with the Becker 
furnace at Cologne, Germany, will be found in the paper named below.’* At 
present this application of electricity is of little economic importance. Where 
fuel is cheap, the regenerative gas furnace, used in all up-to-date glass works, is 
a form of heating apparatus of striking efficiency. 

Magnesium.—This metal is produced by the Elektron Co. at Griesheim by the 
electrolysis of fused carnallite, the method and apparatus resembling that em- 
ployed for the electrolytic production of sodium. The manufacture was origi- 
nally in the hands of a company operating at Hemelingen, Germany, but it has 
not been possible to learn whether this company is still producing the metal. 

Molybdenum and Tungsten.—These rare metals are produced in Paris by a 
company named La Neo-Metallurgie, but beyond the fact that the methods used 
are those which were employed by Moissan in his classical researches with the 
electric furnace, no details of the company’s operations have been published. 

Metals, Cleaning and Scouring the Surface of —A large number of processes 
have been patented for cleaning metal surfaces by aid of electrolysis. In some 
cases a solution of sodium hydrate is employed as electrolyte and the direction of 
the current is frequently reversed in order to obtain both oxidizing and reducing 
actions at the metal surface. The Verein Elektricitéts Aktien Gesellschaft of 
Vienna has brought out an improved method of cleaning steel sheets in which a 
solution of sodium sulphate is used as electrolyte, the sheets being used as anodes, 
with carbon or platinum cathodes. Secondary chemical action causes precipita- 
tion of the dissolved metal and regeneration of the electrolyte. No direct state- 
ments have been obtained as to the actual operation of these processes in Europe, 
but they are undoubtedly of value for special purposes. 

Tanning.—Electric methods of tanning make slow progress, although these 
methods have been in actual use for some years in two tanning factories, one in 
Switzerland and one in Sweden. The Groth process is in operation at Wem, in 
Shropshire, England, and at Wenersborg in Sweden. At the first named place 
the plant has a capacity of 750 hides per week, and in May, 1901, Dr. Groth 
stated that his process was about to be adopted by three leading tanneries, in Ger- 
many, Austria and Russia respectively. The time required to tan hides is much 
reduced by the Groth process which combines mechanical movement of the hides 
in the tan-pit with electrolytic action; but doubts have been expressed as to the 
durability of the leather produced. 

Tin.—Numerous electrolytic processes have been patented and tried on an 
industrial scale for the recovery of tin from the tin-scrap which abounds in the 
dust heaps of all large cities. The processes work satisfactorily and the only 
difficulty appears to be to insure a sufficient supply of the raw material at a 
reasonable cost. Several works of this character are reported to exist in Ger- 


13 Hlectrochemische Zeitschrift, September, 1901. 
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many, the most important of these being at Essen, where from 50 to 60 tons 
scrap are treated daily by the Goldschmidt process.‘ During 1901 a company for 
this purpose was registered in London with a capital of $48,000 and a plant for 
the treatment of 50 tons cuttings pér month, was to be erected presumably in 
London. The process to be used was a patented one and was reported to have 
been tried with success on a commercial scale, but no names or other details 
were given. 

Wood-Seasoning.—The use of electrolytic methods in wood seasoning dates 
from 1898, when the Société Anonyme pour la Senilisation des Bois was regis- 
tered in Paris with a capital of $230,000 for operating the Nodon & Bretonnau 
method. This method is based upon the immersion of half the timber in a 
tank of liquid, and the use of electrolytic action to drive out the sap and to 
impregnate the wood with a sodium boro-resinate solution. The timber requires 
from 5 to 8 hours’ treatment in the electrolytic bath and from 3 to 6 weeks for 
drying. This represents one-sixth of the time at present required. The English 
rights for this process have been sold to the Electric Timber Seasoning & Preser- 
vation Co. registered in 1899 with a capital of $720,000, and a plant has been 
installed and operated at Charlton in Kent. Both the French and English 
companies appear to be overcapitalized and the financial success of this process 
is somewhat doubtful, excepting when applied to wood required for special 
purposes. 

Nicxeu.—The chief event in Europe during 1901 in connection with the nickel 
industry has been the flotation of the Mond Nickel Co. with a capital of $2,880,- 
000, for purchase of the Mond patents relating to nickel extraction, and for erec- 
tion of a large works for operating the process at Clydach in Wales. Although 
the Mond process is not an electrolytic one, this flotation demands notice because 
it is proposed to work at Clydach on a large scale, and an output is contemplated 
of from 1,000 to 1,500 tons nickel per annum (equal to one-sixth of the present 
world production). The Sudbury ore will be used in this works, and several 
mining properties in that region are included in the purchase price of $1,560,000, 
paid to Dr. Mond for the patents and properties, handed over to the new com- 
pany. The Mond process depends upon the property of carbonic oxide gas to 
carry off nickel in the gaseous state (as nickel-carbonyl) when passed over the 
metal in a finely divided metallic state. Full details of the process and plant 
required for operating it, will be found in the journal named below.*® 

The Hoepfner extraction process is still operated at Papenburg, Germany, by 
the Allgemeine Elektro-Metallurgischen Gesellschaft. New Caledonian ore is 
employed as raw material, and a mixed solution of cupric and calcium chlorides 
is used for leaching. The early decease of Dr. Hoepfner at Denver, Colo., im 
December, 1900, has removed the inventor of this process at the moment when his 
guidance and help were most required. arly trials of this process at Wiedenau 
near Siegen, in 1893 had ended in failure and modifications in the original 
process had been introduced at Papenburg. In July, 1901, it was reported that 
this works was producing 1 ton nickel per day. 


14 Zeitschrift fuer Elektrochemie, Jan. 9, 1902. 
18 Proceedings of the Institution of Civil Engineers, Vol. for 1898, 
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New deposits of nickel ore are reported to have been discovered in New South 
Wales and a syndicate of capitalists has been formed to exploit this field. A 
nickel smelting and refining works is to be established at Newcastle, N. S. W., 
but it is stated that this works will draw its supplies of ore from New Caledonia. 
At present the New Caledonian mines are producing 120,000 tons ore per annum, 
the greater portion of which is shipped to the Tyne and smelted at Glasgow, while 
the raw nickel is refined at Havre. A movement is on foot to establish smelters 
in New Caledonia but it is doubtful whether this will succeed, as State aid would 
be required to compensate for the high cost of fuel. 

Le Verrier proposes to extract nickel from nickel ores, by using them as anode 
material in an electrolyte composed of a 10% solution of nickel, ammonium and 
sodium chlorides. An occasional addition of sodium hypochlorite is made to 
oxidize and precipitate the iron, as Fe,(OH),, but excess must be avoided. 
The sulphate salts of nickel and ammonium may also be used in place of the 
chlorides. The electrolyte must be freely circulated in the bath and it must 
be withdrawn and filtered at frequent intervals. The bath must be kept neutral 
or slightly alkaline. A current. density of 100 amperes per sq. m. of cathode 
surface, and an E.M.F. of 2 volts, are found to yield the best results. A higher 
current density leads to the formation of Ni,O, at the cathode. If copper be 
present, it is deposited with the nickel but a separation can be effected by employ- 
ing a high current density with an excess of sodium hypochlorite in the electro- 
lyte; nickel and tin are then precipitated as oxides, while the copper is deposited 
at the cathode. Sulphur in moderate amounts does not interfere with the 
method as it remains insoluble, and can be removed by filtration. The German 
patent covering this method is No. 5,781, of 1899. In some respects it resem- 
bles the Storer process, although in the latter, the powdered ore was heated with 
ferric chloride in a closed vessel at 190°C. for several hours, and the resultant 
solution was filtered from the Fe,(OH),, before electrolysis. As far as it is 
generally known neither process has yet received industrial trial. 

With regard to the electro-deposition of nickel, Pfanhauser has stated that 
he has worked out a method which permits thick deposits to be obtained in 
one-twentieth of the time required by the older methods, the deposits being homo- 
geneous, malleable and equal in physical characteristics to plates obtained by 
smelting and rolling. For articles requiring only a thin coating of nickel, 
from 2 to 3 minutes in the improved electrolyte bath is said to suffice. No 
details of the method have however been given.** Kugel proposes to obtain 
thick plates of nickel by using an acid bath at a temperature of 30°C. or over, 
the acid being one that is not decomposed by the current.17 

As regards the use of nickel for the manufacture of nickel steel, Porter has 
published tests showing that forgings of nickel steel containing from 3 to 3°5% 
Ni and 0°28%, C have a tensile strength 40% higher than steels of the same 
carbon contents without the nickel. The nickel steels are also less corrodible 
in salt water. Wilson has published results of physical tests made with nickel- 
manganese steel containing 25% Ni, 5% Mn and 0:81% C. The specified resist- 


16 Hlektrochemische Zeitschrift, January, 1901. 17 English Patent No. 2,994, of 1901. 
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ance of this steel, is four and a half times greater than that of the German-silver 
alloy usually employed for resistance coils, and its use 1s recommended for this 
purpose. The future of nickel steel in the arts and industries depends largely 
upon the cheapening of the methods of nickel extraction, and in this connection 
the new Mond works at Clydach in South Wales and the new extraction works 
at Sault Ste. Marie in Canada are likely to have important effects upon the 
industry. 

At the Glasgow (1901) Exhibition, the Orford Copper Co. exhibited specimens 
of electrolytic nigkel which analyzed 99°25% Ni. ‘Tests of pure malleable nickel 
made by this company, showed tensile strengths ranging from 100,000 to 
160,000 lb. per sq. in. 

OrGANIC Propucts.—Details relative to the industrial use of electrolysis in 
the manufacture of organic products are exceedingly difficult to obtain, for the 
companies engaged in these manufactures preserve great secrecy as to their 
methods. A large amount of laboratory work has however been carried out 
during the last few years and it would seem probable that some of these methods 
have been adopted for permanent industrial use. 

Iodoform, Chloral, Azo- and Hydrazo-Compounds have been produced by elec- 
trolytic methods and while lacking direct confirmation it is believed that all of 
these substances are now being manufactured industrially by the new methods. 
Messrs. Schering of Berlin, the Badische Anilin und Soda Fabrik, Meister 
Lucius & Briining, and the Farben-fabrik vorm. Fred Bayer & Co. are the 
pioneer companies in this field. Perhaps the most direct proof that electrolytic 
methods are being used is the fact that the Héchst-am-Main color works of 
Meister Lucius & Briining are employing 3,000 K.W. continuous current, trans- 
mitted to their works by an underground cable from the new generating station. 
Continuous current is not generally used for motors in Germany, and although a 
portion of this current is utilized for sodium manufacture (see below), it is 
unlikely that the whole 3,000 K.W. is employed in this way. 

In the United Kingdom, cyanides have been produced by an electric furnace 
method under the Readman patents, and the inventor stated in 1898, that the 
patents had been sold to the Scottish Cyanide Co. and that Works were to be 
built for operating the process at Leven in Fifeshire. Since that date no further 
details have been made public concerning the company, or its projected Works. 

In France electricity is used in the production of heliotropine and vanillin at 
Courbevoie near Paris. The method is based upon the oxidation of oil of 
cloves. The Verley ozonizer is employed, and 10,000 kg. of the two compounds 
are reported to be produced annually. A secondary use of electrolysis in color 
manufacture is reported from Germany. Chromic acid is one of the most usual 
oxidizing. agents in organic work and the renewal of the spent chromic acid 
solutions by chemical means is troublesome and expensive. Meister Lucius & 
Briining have therefore adopted an electrolytic method for reoxidizing these 
solutions, which has given very satisfactory results.** 

Oxygen anp Hyprogen.—The production of oxygen and hydrogen gases by 
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the electrolysis of water, has become one of the minor branches of electro- 
chemical industry, and works for this manufacture, are now reported to be in 
operation at Tivoli, Rome, Milan, Zurich, Lucerne, Hanau, Brussels, Toulouse 
and Montbard. In some cases the gases are used on the spot—(at Rome for 
inflating military balloons, and at Hanau for melting platinum )—but in the 
majority of instances the gases are compressed by special pumps and are sold in 
the usual form of pressure cylinders. Many different forms of decomposing cell 
have heen patented and are in actual use. The majority utilize a solution of 
sodium hydrate as electrolyte and iron or nickel as the metal for the cell 
structure and electrodes. In the Schoop apparatus however dilute sulphuric 
acid is used as electrolyte and the walls of the cell and electrodes are of lead. 
At Hanau, the Schuckert cell is in use; and a current of 200 amperes and 2°75 
volts is employed to decompose the caustic soda solution. Power equal to 60 
K.W. per 24 hours is said to produce 100 cu. m. oxygen and 200 cu. m. hydrogen. 
The daily running expenses of the plant are stated to be $3120. At Brussels, 
the Société ’Oxyhydrique work the Garuti cell and process. In this case also 
sodium hydrate is the electrolyte, and 12°2-K.W. hours are said to yield 1 cu. m. 
oxygen and 2 cu. m. hydrogen. The Garuti apparatus is used also at Tivoli’ 
near Rome, and at Lucerne. With electric power at -2c. per K.W. hour, the 
cost of 1 cu. m. oxygen, and 2 cu. m. hydrogen is stated to be only 2°5 cents. 

At Oloron Ste. Marie, in the Pyrenees, a similar form of apparatus has been 
in use since 1898, and 12°5-K.W. hours are required to yield 1 cu. m. oxygen 
and the corresponding volume of hydrogen. The cost of the H.P. year at this 
place, is reported to be only $10°80. 

In England, the War Office has established a plant at Aldershot for the pro- 
duction of hydrogen gas—the gas being used for inflating military balloons—and 
one ampere hour is said to yield 5 1. hydrogen and 2°5 1. of oxygen gas. Both 
gases are compressed and stored in cylinders until required for use. 

In America, electrolytic installations for the production of oxygen and 
hydrogen gases have been erected in the laboratories of Iowa State College, and of 
Lehigh University. Caustic soda is used in these cases as electrolyte and cast 
iron for the electrodes. With current at 2c. per K.W. hour, 1 cu. ft. oxygen 
gas and 2 cu. ft. hydrogen gas, cost one cent. 

Ozonu.—There is little to report with regard to new developments in the 
ozone industry, during 1901. The elaborate exhibit of the Société Industrielle 
de l’Ozone at the Paris 1900 Exposition has however revived to a certain extent 
the interest in ozone as an agent for water purification. The exhibit at Paris 
consisted of a full size working model of the Marmier & Abraham apparatus as 
used at Lille. Alternating current generated at 2,100 volts was transformed 
into current at 40,000 volts. The electrodes of the ozonizer were of cast iron 
cooled by water and were separated by two glass plates 2 m. square, and 7 mm. 
thick, forming the air channel. The distance separating the glass plates was 
only 2mm. The air passed in at the edges of the plates and was drawn away at 
the center. A special device was required to prevent the current being “earthed” 
by the water used for cooling the electrodes. The water before treatment with 


ELECTRO-CHEMISTRY AND HLEHECTRO-METALLURGY. 263 


the ozone is subjected to filtration. The cost of the treatment is stated by the 
inventors to be 0°0045 fr. per cu. m., or 2°5c. per 1,000 cu. ft. The installation 
at Lille which was made in 1898, is said to be giving satisfactory results. The 
Marmier & Abraham apparatus is reported to be in use also at Boleo, in Mexico, 
but no details of this installation have been published. With regard to the prac- 
tical operation of this system, Abraham read a paper in November, 1900, before 
the Société Internationale des Electriciens, in whiclr he emphasized the following 
points :— 

1. 8 to 10 mg. ozone, per liter of air or gas, must be present. 

2. The duration of contact. between the water and ozonized air, must be suffi- 
cient to effect sterilization. 

8. The contact must be molecular, for ozone is insoluble in water. 

A Gay-Lussac tower packed with flints, is found to fulfil the conditions 2 
and 8. This paper is provided with diagrams of the installation at Lille, and 
readers desiring to consult these, are referred to the volume named below.” 

Otto has studied the application of ozone to water purification, and has pub- 
lished an interesting memoir upon this subject.2° He uses in place of the Gay- 
Lussac absorbing tower packed with flints, a tower filled with trays, and the 
water and ozonized air are forced into this tower by a cone-shaped injector as 
spray. The molecular contact between the ozone and the water prescribed by 
Abraham as necessary to effect purification, would doubtless be more efficiently 
attained by this apparatus than by a simple flint-packed tower, but no statements 
have appeared that Otto’s form of absorbing-tower has yet received trial upon 
a large scale. A similar system of mixing the ozonized air with the liquid 
requiring purification was used in London in 1899, during the trials made with _ 
ozone for refining oils and fats, and the principle of the method is undoubtedly 
right. 

Details have recently been published relating to the experimental plant for 
water sterilization by the Siemens & Halske system erected at Berlin in 1898.7" 
This plant was designed to treat 240 cu. m. of water per 24 hours, and comprised 
ozonizers of the Siemens & Halske type, sterilizing tower, sand filters, and the: 
necessary pumps and storage tanks. Ozonizers of both the plate and tube type: 
have been used and a yield of from 20 to 25 g. ozone per E.H.P. hour with a 
concentration of 2°5 g. ozone per cu. m. of air are said to have been obtained.. 
The cost per 1,000 cu. ft. of water is 11°8c., of which total, three-fifths represent. 
the cost of electrical energy. This is a much higher cost than that given by 
Abraham. 

The number of bacteriological organisms at Berlin have been reduced from 
600,000 to 10 per cu. m. by the combined sand filtration and ozone: treatment, 
water from the river Spree being used in the trials. The capital outlay upon a 
plant of 3,600 cu. m. per day capacity is estimated to amount to $32,400, of which 
$14,400 represent the plant necessary for an ordinary waterworks and $18,000 
the expenditure upon the electrical and ozone-producing apparatus. 


19 Bulletin de la Société; Internationale des Electriciens, November, 1900, 
20 Memoirs de la Société Ingenieus Civil de France, February, 1900. 
21 Hlektrochemische Zewtschrift, Novy. 14, 1901. 
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The water authorities of Moscow are reported to be using ozone for the treat- 
ment of their water supply, but no details of this installation beyond the cost, 
which is said to be $6°25 per million gallons or 3°9c. per 1,000 cu. ft., are yet forth- 
coming. One of the London water companies also, is reported to be experiment- 
ing in the same direction. 

With regard to other uses of ozone, or ozonized air, little progress has been 
made during 1901. The German firm of Baeyer, in a recent patent, proposes to 
use ozone for the production of permanganates from manganates, and Siemens & 
Halske have proposed its use in conjunction with ferric oxide for clearing turbid 
liquids. At Courbevoie near Paris, 150 to 300 H.P. are employed for generating 
ozone in connection with the manufacture of organic products, the Verley ozon- 
izer being used. 

Chassy has contributed a paper to the French Academie des Sciences on the 
theory of ozone-production by the electro-static discharge.2? Experimenting with 
pure oxygen in place of air and using the Berthelot type of ozonizer, he found 
that the quantity of ozone produced tends toward a limit determined by the tem- 
perature. To obtain a concentration of 7% requires the expenditure of 90 
times as much electrical energy as for a concentration of 0°5%. This research 
therefore indicates that, as in many electrolytic processes, high current and 
energy efficiency cannot be united with the production of a concentrated form of 
the compound resulting from the electro-static action. Electro-static discharge 
not only produces ozone, but also decomposes that already formed and a point is 
quickly reached where production and decomposition almost balance each other. 

PHosPHoRUS.—The manufacture of phosphorus by the electro-thermal method 
has been carried on at Paris, Griesheim, Vernier, Wednesfield near Birmingham, 
and at Niagara; and these works are believed to be still in operation. Phosphorus 
manufacturers are however unusually secretive concerning their progress (or the 
reverse), and nothing can be gleaned from them by direct application. The 
Readman process (English Patent No. 18,785 of 1895) is used at Birmingham 
and at Niagara Falls; the Frank & Hilbert process (patented, 1895) at Vernier, 
and the Billaudot process (patented, 1896) at Paris. The last named process 
was described by Borchers in THe Minera INnpusrry, Vol. VIII., and no 
further details of it have since been published. The Frank & Hilbert process 
resembles it, since carbide production is combined with that of phosphorus. 
As regards the output of phosphorus by the works named above, no reliable 
figures can, be obtained, but it has been estimated that over one-half of the phos- 
phorus production of the world is now manufactured by the electric furnace 
method. The industry is however somewhat unsettled, owing to the decreasing 
use of white phosphorus in the manufacture of matches, and the more or less 
successful attempts to substitute less poisonous substances for it. Thus in 
France, a match known as the “S. & ©.” match is manufactured with a non- 
poisonous composition containing phosphorus sesquisulphide and potassium 
chlorate. According to Guillet,?* the world consumption of phosphorus in 1900, 
amounted to 1,000,000 kg., of which France accounted for 30,000 kg. In 1899, 
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Germany imported 370,000 kg. phosphorus and exported 123,000 kg. ‘Two- 
thirds of the imported phosphorus came from the United Kingdom. The Ger- 
man consumption is estimated to lie between 200,000 and 250,000 kg. per annum. 
The only exhibit of German phosphorus at the Paris (1900) Exposition was 
made by the Griesheim firm “Elektron.” 

In America beside the company working at Niagara Falls, a company has 
been formed to operate the extraction process worked out and patented by Dr. 
Machalske, of Long Island City, N. Y. The process is an electro-metallurgical 
one and with electric-power, at 3c. per H.H.P. hour the cost of yellow phos- 
phorus is said to amount to only 7c. per lb. 

Soprum AND Soprum Prroxipe.—The number of factories ee sodium 
by the electrolytic method has been increased by one during 1900, the unsuccessful 
electrolytic alkali works at Les Clavaux, France, having been converted into a 
factory for the production of sodium and its higher oxides. From official infor- 
mation 2,000 H.P. is already being utilized at this place in the manufacture of 
sodium peroxide and a new compound called “Oxylithe.” Castner’s process is 
in use at Les Clavaux. The manufacture is under the control of the Société 
@’Electrochimie of Paris, which owns the French patents for the Castner process ; 
and also the Gaubert patents for “Oxylithe.” The latter is a mixture of sodium 
peroxide and potassium permanganate produced under pressure. When treated 
with water, this compound evolves oxygen gas. Important sales are expected for 
this new substance. A process has also been worked out by Hulin for obtaining 
pure oxygenated-water from sodium peroxide and it is proposed to use this solu- 
tion, which contains no soda compounds, in fine bleaching work. Patents have 
been applied for. Sodium is also reported to be produced in France at Belle- 
garde, by the Becker process. A fused mixture of sodium hydrate and sodium 
carbonate is used as electrolyte, and a cone-shaped cover fixed with its lower 
edges dipping in the electrolyte is kept negatively charged in order to prevent 
oxidation of the sodium floating on the surface of the molten mass. A current 
of 1,500 amperes was stated to have been in use at Bellegarde in May, 1900, for 
the manufacture of sodium and magnesium, but recent confirmation of this state- 
ment is lacking. 

In Germany, sodium is produced by the Castner process at Rheinfelden, the 
parent English company, and the Bitterfeld Elektro-Chemische Werke being 
financially interested in this works. Manufacture was commenced in 1899, 
but no details of the plant, or its output, are available for publication. The 
Castner cell and process are operated also at the Farbe-Werke of Meister Lucius 
& Briining at Héchst-am-Main, but in this case the sodium produced is used 
entirely in the color works. The plant, which has been running since 1898, is 
reported to be of 150 H.P. capacity. The Neuhausen Aluminum Co. also is . 
reported to be producing sodium by an unpatented process, but no details of the 
process or plant have been published. 

In England, the manufacture was originally in the hands of the Aluminum 
Co. of Oldbury—where the Castner process was developed. This company is 
now absorbed by the Castner-Kellner Alkali Co. and the manufacture has been 
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transferred to the large works at Weston Point, near Runcorn. The sum paid 
for the assets of the Oldbury Company was $624,000, in shares of the Castner- 
Kellner Alkali Co. These assets include shares in the Rheinfelden and Niagara 
sub-companies promoted by the parent concern. 

In America, the manufacture of sodium and its peroxide is carried on at 
Niagara by the Niagara Electro-Chemical Co., 400 H.P. being employed. The 
Castner cell and process are used and in 1900 the company was reported to be 
earning largé profits. No figures are available for the output of sodium and 
sodium peroxide for the years 1900-1901. The South African war has tempo- 
rarily injured the industry, since one of the chief outlets for sodium and iis 
peroxide was in connection with the Rand gold-mining industry. The end of the 
war is therefore likely to be marked by a considerable increase in the output and 
profits of the works engaged in this manufacture. 

Z1nc.—The chief event of the past year in the zine industry in Europe has 
been the financial collapse of the Smelting Corporation, which was formed to work 
the Fry process at Ellesmere Port near Manchester. This company was floated 
with a very large capital in 1898, and smelting works were erected at Ellesmere 
Port at a cost of $1,200,000. The zine was obtained as zine oxide and it was 
intended to recover the metal by an electrolytic fusion process but this portion 
of the process had not been developed when the collapse occurred. The plant was 
shut down in March, 1901 and the following causes of failure were given :— 

(1) Failure of Mr. Fry to meet debenture engagements for $480,000. (2) 
Failure of the process to realize the early promises and reports. (3) Increased 
costs, due to the high price of fuel. (4) Litigation owing to fumes from the 
cupola furnaces. There is some talk of a reorganization of the company, and 
negotiations are now being conducted with that end in view. 

The Ellerhausen process is another zinc extraction process operating in Europe, 
in which electrolysis plays only a secondary role. In this process, the ore is 
smelted at a high temperature, and the lead, zinc and silver, are volatilized. The 
“metals are caught, by injecting cold water under pressure into the hot gases at 
the fans. Sulphides and oxides of lead, zine, iron, arsenic and antimony are 
found as sludge, while zinc sulphate is obtained in solution. It has not been 
stated how the zinc is recovered from this solution but it is possible that electro- 
lysis is employed. The Ellerhausen process is worked at Angouléme in France, 
by the British Sulphide Smelting Co. and, as the capital of this company is 
$3,840,000, it is hot improbable that its financial future will be a troubled one. 

A distillation process for the treatment of zinc ores, depending upon the use 
of the electric furnace in place of the usual cupola furnace, has been worked out 
and patented in Italy by Casaretti & Bertani. Very few details of this process 
have yet been made public, but it is stated that only 2-E.H.P. hours are required 
to produce 1 kg. zine, and that 15 kg. coke are used as reducing agent for 100 kg. 
ore. The process is said to be worked by the Societé Elettrici Metallurgice 
Lombarda, but official confirmation of this statement is lacking. The Sulphide 
Corporation of London also has introduced a new type of distillation process 
into its smelting works in New South Wales. In this case, zinc concentrates 
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form the raw material, and it is believed that ordinary cupola furnaces are em- 
ployed. Details of the process however have not been published. 

Distillation processes for dealing with complex zinc ores therefore seem to be 
in the ascendant, and where water power is available and coal scarce, such 
processes if successful will doubtless be operated in the future with electrical! 
energy. 

The Hoepfner process is in use by Brunner Mond & Co. at Winnington, 
England, and by the Erste Oesterreichische Soda Fabrik at Hruschau, Austria. 
This process is an electrolytic one and depends upon the use of the waste calcium 
chloride liquors from the ammonia soda works. A solution of zine chloride is 
ultimately obtained which is electrolyzed with carbon anodes in a diaphragm cell. 
The chlorine obtained at the anode is used for bleach manufacture; and the zine 
deposited at the cathode, of 99°95% purity, is sold for special purposes. The 
process was introduced at Winnington in 1897 and the plant is said to have been 
increased from its original 400 H.P. capacity, to 1,200 H.P. 

The Swinburne-Ashcroft fusion process is about to be tried upon a somewhat 
extended scale at Weston Point, England, the earlier experimental plant at 
Milton in Staffordshire, having been dismantled and sold. In June, Ashcroft 
read a paper before the Institute of Mining and Metallurgy in London,” giving 
the results obtained in the trials at Milton and details of the improvements made 
in the process since the first patents were applied for. The process as now 
carried out consists of a cycle of operations, of which sulphur, silver, lead, zine 
and chlorine are the final products. The pulverized unroasted ore is mixed with 
fused zinc chloride in a “converter,” and chlorine gas is blown through the 
mass until all the metals have been converted into chlorides and the sulphur 
expelled. The fused mass is then decanted from the undecomposed residue and 
gangue and the silver removed by means of lead. The remaining mixture of 
fused lead and’ zinc chlorides is subjected to electrolysis after removal of the 
lead by the substitution of zinc. The inventors are hopeful of the ultimate suc- 
cess of this process upon which much time and money have been expended in the 
early trials. : 

A new electrolytic zine extraction process invented by Strzoda is also reported 
to be in operation at Bockenheim, near Frankfort. An electrolyte of zinc sul- 
phate and insoluble anodes are said to be employed, but beyond this details 
are lacking. 

During 1900 and 1901, Lorenz has published the results of important, 
researches bearing on the electrolysis of fused salts.* If H,O be present, no 
zine can be deposited from such fused mixtures, for hydrogen is liberated at the 
cathode in place of zine. A treatment with hydrochloric acid, and evaporation, 
are necessary to remove the last traces of water. The later series of experi- 
ments dealt with the phenomena observed when fused lead chloride is the elec- 
trolyte. 

The only new development to record with regard to electro-galvanizing is the 
erection of a plant for this work, at Gaarden, Germany, for the firm of 
Fred. Krupp. 
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FELDSPAR. 


THE production of feldspar for the past three years has steadily increased, the 
output in 1901 amounting to 34,741 long tons, valued at $220,422, as compared 
with 29,447 long tons, valued at $136,773 in 1900 and 26,968 tons ($137,886) 
in 1899. Of the product in 1901, 17-°3% was ground by the producer, as com- 
pared with 84:1% in 1900. The chief sources of supply of feldspar were, as 
heretofore, Brandywine Summit, Embreeville and Chadds Ford, Pa., Bedford, 
N. Y., Branchville and South Glastonbury, Conn., Huntington, Mass., and 
Georgetown and Topsham, Me. The less important mines in Delaware, Virginia 
and South Carolina yielded a small amount. In 1901, however, Massachusetts 
reported no output. 

For a detailed account of the occurrence, mining and uses of feldspar reference 
may be made to the article by T. C. Hopkins in Tue Mrverar INDUSTRY, 
Vol. VII. 


PRODUCTION OF FELDSPAR (CRUDE AND GROUND) IN THE UNITED STATES IN 1901. 


Crude. Ground. 


Quantity. 
Short Tons. Short Tons. 
8,51 T2075 


2 5 $49,956 
a) 
20,600 
128,197 
$21,669 24,781 $198,758 


(a) Included with New York. 


PRODUCTION OF FELDSPAR IN THE UNITED STATES IN 1898, 1899 anv 1900. 


1898. 1899. 1900. 


Long Tons.| Value. {Long Tons.} Value. Long Tons.| Value. 


Connecticut $37,944 11,104 $61,311 13,166 $63,872 
Maine and Pennsylvania 1954 14,644 1/755 14,481 
Massachusetts t 160 560 800 
New York 1,060 4,240 1,000 


Totals 21,350 | $107,147 26,968 | $137,866 29,447 | $136,773 
a a 

The price of feldspar ranges from $3 to $6 per long ton at the mine, accord- 
ing to quality, while the ground product of satisfactory grade brings about $7 
per ton. For pottery uses it must be free from iron oxide, mica and quartz. 

The commonest species of feldspar is orthoclase, or potash feldspar, which is 
the one generally used by potters in the United States. It is the most infusible 
member of the feldspar group, but thus far very little of the other species has 
been found in sufficient quantity and purity to mine. The attention of those 
searching for feldspar is directed to the large quantities of labradorite feldspar 
rock occurring in the Adirondack region, New York, which often contains very 
little iron oxide. 


PEUORSPAR. 


THE production of fluorspar in the United States continues to be derived chiefly 
from the mines in Crittendon and Livingston counties, Ky., and Hardin County, 
TIL, and in 1901 the quantity produced was 19,586 short tons, valued at $113,803, 
as compared with 21,656 short tons, valued at $113,430 in 1900, which indicates 
a decrease in production of 2,070 short tons, but of only $373 in value. Of 
the total production during 1901, 15,886 tons, valued at $79,783, was crude 
fluorspar, which was shipped in bulk. The quantity of ground fluorspar sold 
during the year was 3,700 tons, valued at $34,100. The statistics, as reported 
by the various companies engaged in this industry, indicate a larger quantity 
produced than was shipped, which can only be accounted for by the accumula- 
tion of stock at the mines. From other sources, however, it is authoritatively 
stated that very little stock is carried over at the end of each calendar year, as 
the season for hauling closes early in the fall and the accumulated stock on hand 
is rapidly depleted by the demand for the winter trade. 

With the exception of the output from Rosiclaire, Ill, and a comparatively 
insignificant quantity mined on the Kentucky side of the Ohio river, near the 
mouth of the Cumberland river, all of the fluorspar mined in the district men- 
tioned above is shipped by the Illinois Central Railroad.. The producers of 
fluorite were the Kentucky Fluor Spar Co., the Fluorspar Co., Western Ken- 
tucky Mining Co., and Chicago Mining Co., all of Marion, Ky.; the Eagle Fluor- 
spar Co., at Salem, Ky., and the Rosiclaire Lead & Fluorspar Mines at Rosi- 
claire, Ill. Early in 1902 the Kentucky Fluor Spar Co., which has been the 
chief producer of fluorspar in recent years, absorbed The Fluorspar Co., and is 
now by far the largest producer in Kentucky. This company and the Rosiclaire 
Lead & Fluorspar Mines produced nearly 80% of the total output during 1901. 

A deposit of fluorspar has been reported in Yuma- County, Ariz., containing 
veins from a few inches to 7 ft. or more in width. The crystals are of beautiful, 
characteristic colors—blue, green, red and purple—and should the demand for 
the use of fluorspar in smelting operations be greatly increased a market will 
be created for the Arizona mineral. Deposits of fluorspar have also been re- 
ported in Smith, Tousdale and Wilson counties, Tenn., and the Tennessee 
Fluorite & Mining Co. has been incorporated to work deposits near Bellwood, 
Smith County, Tenn. The deposits of fluorspar in Illinois and Kentucky are 
worked by shafts and drifts. The crude material is removed from the mine and 
generally concentrated by hand cobbing, machine or by water jigs, in some in- 
stances the product is shipped directly after washing, as it comes from the 
mine. It is interesting to note that valuable by-products are being saved. In 
addition to the fluorspar output the Rosiclaire Lead & Fluorspar mines produce 
galena, and the Chicago Mining Co., Kentucky Fluor Spar Co., and Western 
Fluorspar Co. produce zine carbonate. 
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PRODUCTION OF FLUORSPAR IN THE UNITED STATES. (IN SHORT TONS. ) 


Year. j Tons. | Value. |Per Ton|| Year. Tons. | Value. |PerTon|| Year. Tons. | Value. {Per Ton 


| 
1890....) 8,250 $55,328 | $6°70 $38,400 | 12,145 | $86,985 
1891....} 6,320 38,000 6°00 24,000 24,030 152,655 
1892....} 9,000 54,000 6°00 ‘ 48,000 | ¢ 21,656 113,480 
1893....| 9,700 63,050 6°50 veee|? 48 19,586 118,808 


For the American market fluorspar is divided into six grades, namely, Ameri- 
can lump No. 1, American lump No. 2, gravel, crushed, ground fine, and ground . 
extra fine. The foreign product appears in two grades only—lump and fine. 

The prices for fluorspar per short ton during 1901 did not change materially 
from the quotations existing in 1900, viz.: Gravel spar, $5°26; lump spar, $5°50; 
and ground spar, $10, f. 0. b. at mines. The average value of the fluorspar 
produced during 1901 was $5-81, as compared with $5-24 in 1900. 

The imports of fluorspar into the United States are not separately classified 
by the Bureau of Statistics of the Treasury Department, the quantity im- 
ported being included among minerals and ores not elsewhere specified. 

The quantity of fluorspar produced is mainly consumed in the open-hearth 
furnaces for the manufacture of steel and in foundry cupolas for melting pig 
iron; smaller quantities are used in the manufacture of opalescent glass and in 
the preparation of hydrofluoric acid. It is claimed that fluorspar can be used 
to advantage in copper and nickel smelting, particularly for the removal of 
silicon and arsenic during the refining of copper. 


PRODUCTION OF FLUORSPAR IN THE PRINCIPAL COUNTRIES. (IN METRIC TONS. ) 


Germany. 


United United 


Year. France. Kingdom] States. 


; Total. 
Anhalt. | Bavaria. | Prussia 


5,600 5,218 | 8,672 g 400 5,448 | 29,629 
7,000 4.904 10,095 ; 308 4,299 | 34.678 
6,415 4.440 11,863 ¢ 507 11,018 | 38,394 
5,815 3.631 12.932 : 796 21,800 | 52.352 
6,028 7.456 13,820 |(a)2,019 4 1,472 19,646 | 54.862 


From the official reports of the respective countries except the United States, for which the totals are based 
‘on direct returns of the producers, and for Anhalt, Saxe-Weimar and Schwarzburg-Sonderhausen, which aire 
due to the courtesy of Herr von Scheel, director des Kaiserlichen Statistischen Amts. (a) Includes 557 metric 
tous from Weimar. : 


CoMMERCIAL Hyproriuoric ACID. 


By KARL F. STAHt. 


HypRoFLuoRic acid is made by decomposing ground fluorspar with sulphuric 
acid in cast-iron vessels and absorbing the resulting fumes of hydrofluorie acid 
in leaden vessels containing more or less water, according to the strength desired. 
The commercial acid, containing from 30 to 60% HF, is stored and shipped 
in lead vessels or gutta percha bottles. Weaker acid of about 39% and less 
can be stored for a limited time in wood and is sometimes shipped in whiskey 
barrels. The so-called “chemically pure” acid is packed, in this country, in 
ceresine bottles, which must be kept away from the Bunsen burner, as the 
melting point of the ceresine is low. In Europe the «. p. acid is shipped, either 
in gutta percha or platinum bottles, but in course of time the acid takes up 
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mineral and organic matter from the gutta percha and ceases to be c, p.—plati- 
num bottles are the best, but require a heavy first outlay. 

Impurities—Among the unavoidable impurities always present is hydro- 
fluosilicie acid, which is the most important because the fluorine combined 
with silica is perfectly useless. The source of hydrofluosilicic acid is free or 
combined silica in the fluorspar. American ground fluorspar containing less 
than 1% silica may now be purchased; samples of English spar contain about 
3%, while 6 samples of German spar contained from 0:1 to 0°7% silica. The 
following method for the determination of silica in fluorspar is not accurate, 
but gives an idea of the quality: 1 g. of ground fluorspar, in a platinum dish 
with a small platinum spatula, is dried at about 130°C., weighed exactly, 
moistened with hydrofluoric acid, stirred with spatula, evaporated to dryness on 
the water bath; this is repeated, then dried again at 130°C. and weighed. The 
difference is assumed to be silica, which is only correct when free silica is present. 
For every part of silica in the spar about 4 parts of fluorspar and 5 parts of 
sulphuric acid are wasted, or for every percentage of silica at least 10% (4% 
for spar and about 6% for sulphuric acid) should be deducted from the value 
of the spar. 

Sulphuric acid, which is distilled over in small quantities from the decom- 
posing vessel, does not harm hydrofluoric acid for use in etching glass or 
pickling iron; but must be determined in the analysis, otherwise it would be 
figured as hydrofluoric acid. On evaporation and calcining, commercial acid 
should leave but a trace of non-volatile matter. The commercial acid of to-day 
usually contains from 1 to 15% SiF(HF),, and from 1 to 2% H,SO, only 
as impurities, and is purified for analytical purposes by distillation in platinum 
vessels and by the use of c. p. sulphuric acid. 

The following method is used for testing: The sample is placed in water of 
15°C. for at least 5 minutes, and the sp. gr. is taken. Then with the aid of a 
small platinum tube, serving as a pipette, three portions are weighed out: 
(A) 2g. ina 5-c.c. platinum crucible; (B) 2 g. in a 40-c.c. platinum crucible ; 
(C) 4 g. in a small platinum dish. 

A. Place the small platinum crucible, covered with its lid, in a large platinum 
dish, holding about 100 c.c.; then run, according to the expected percentage, 
25 or 50 cc. normal caustic solution (40 g. NaOH per liter) from a pipette 
into the dish, upset the covered crucible and mix the ‘acid and alkali with a 
platinum stirrer, add 2 drops of a solution of phenolphthalein (1 g. in 100 c.c. 
alcohol) and then more of the normal soda solution from a burette till the 
colorless liquid assumes the characteristic bright red, which an alkali imparts to 
phenolphthalein. Heat to about 50°C.; the red color will disappear again; 
finally add normal solution from the burette slowly till the red color remains, 
even if heated again, which indicates that all free sulphuric acid, hydrofluoric 
acid and hydrofluosilicic acid has been neutralized. The number of c.c. used 
we call “a.” If litmus is used in place of phenolphthalein, the soda solution 
has to be added till the color is perfectly blue, but the end of the reaction is 
indistinct, while with phenolphthalein it is very sharp. 

B. To the acid in the large platinum crucible (2 g.) add 5 c.c. water (meas- 
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ured approximately), then slowly about 2 g.1 K,CO,, either in small pieces or 
in concentrated solution; add about 15 cc. of 50% alcohol and then about 
5 ¢.c. 95% alcohol, which will bring the whole to a volume of about 25 CiG., 
containing about 50% alcohol; let it stand for at least 1 hour. Filter? and 
wash the gelatinous precipitate, consisting of potassium silicofluoride, with 
50% alcohol till blue litmus paper ceases to be turned red by the filtrate. Throw 
the filter with the precipitate into a platinum dish, add about 25 cc. water 
and warm to about 50°C.; titrate slowly with normal caustic soda solution 
and phenolphthalein, as described in the determination of total acidity. The 
number of c.c. used we will call “b.” 

C. Place the platinum dish containing 4 g. of the acid to be tested on a 
water-bath under a hood and evaporate till acid fumes have completely ceased. 
Titrate the remaining syrupy liquid (which contains the free H,SO,), cold with 
normal soda solution, using either litmus or phenolphthalein as indicator. The 
number of c.c. used we will call “ce.” 

The number of c.c. of normal soda solution used in the first titration and 
called “a’’ represent the alkali necessary to neutralize the hydrofluoric, hydro- 
fluosilic and sulphuric acids, and to find the number of cc. used for hydro- 
fluoric acid alone, subtract those used for hydrofluosilicic and sulphuric 
acids. Having employed 4 g. of substance for the determination of the H,SO,, 
the number of c.c. used for that determination must be divided by 2. The number 
of c.c. used for HF alone equals a—($b+$), and as each c.c. normal solution 
indicates 0°020 g. HF and 2 g. of substance have been used, the number of c.c. 
found by the above formula express the percentage of free HF, therefore 
a—($b-+-$)=percentage free HF. From the foregoing the calculation of the 
percentage of Sif, (HF), is an easy matter. 1 ¢.. normal NaOH indicates 
0°055 SiF,(HF),, which was obtained from 0°036 SiF,(HF),. Having used 
* g. of substance, 0036 must be divided by 2 and multiplied by 100 to get the 
percentage, or, bX1°8=percentage SiF,(HF),. The percentage of free H,SO, 
ix obtained by multiplying (c) the number of c.c. used with 0:048, dividing by 
4 and multiplying with 100, or, cX1:2=percentage free H,SO,. Other free 
acids, muriatic or nitric, which would influence the accuracy of the determina- 
tion, are not likely to occur in commercial hydrofluoric acid and their presence 
can easily be detected by well-known analytical methods. 


1 The amount of K,CO, is calculated to neutralize the acids only partly. To avoid an excess it is advisable 
to test the liquid with litmus paper, which should show a strong acid reaction. But there should be at least 
enough potash to form Sil", (KF), with the Sif, (HF),. In analyzing acid of entirely unknown composition, 
1°05 g. K,CO, is taken for every 1 c.c. normal soda solution used for the determination of total acidity. Po- 
tassium chloride might be used in place of the carbonate, but in that case free HCl is formed, in which the 
silicofluoride of potassium is somewhat soluble. 

2 If the liquid contains more than 50% alcohol, fluoride of potassium is precipitated; if much less alcohol, 
silicofluoride of potassium may remain in solution. 

3 A platinum funnel is used, because glass funnels are acted on, but that does not influence the accuracy 
of the method. 


FULLERS EARTH. 


THE production of fullers earth in the United States during 1901 was 14,112 
short tons, valued at $96,835, as compared with 11,813 short tons, valued at 
$70,565 in 1900, and 13,620 short tons, valued at $81,900 in 1899. The greater 
part of the product continues to be supplied from the mines at Quincy, Fla., the 
balance being obtained from the mines in Arkansas, California, Colorado, and 
New York. 

Imports—The imports of fullers earth in 1901 were 2,918 long tons of 
lump earth, valued at $17,230, and 7,851 long tons of ground earth, valued at 
$63,467 (total: 10,769 long tons, valued at $80,697), as compared with 2,431 
long tons of lump earth, valued at $14,750 and 5,742 long tons of ground earth, 
valued at $50,047 (total: 8,173 long tons, valued at $64,797) in 1900. Under 
the present tariff the duty is $1:50 per ton on lump earth and $3 per ton on 
ground earth. 

New York Market——Demand for fullers earth was greatest in the spring and 
summer months of 1901 for use principally in filtering and clarifying oils. 


Large imports of English earth, chiefly powdered, sold at steady prices. The 


bulk of the domestic production is generally contracted for ahead, hence quota- 
tions remain practically unchanged throughout the year. Prices for ordinary 
lump during 1901 were 75c. per 100 Ib.; refined lump, $1'25 per 100 lb., and 
powdered, 85c. per 100 lb. 

Uses.—The chief uses of fullers earth is in fulling wool and in deodorizing 
and clarifying fats, oils and greases. Refiners of lard, cottolene and allied 
products are important consumers. Chief among these are N. K. Fairbanks Co., 
Swift & Co., Armour & Co., Nelson Morris & Co., Cudahy Packing Co., and 
G. H. Hammond & Co. 

Tests of fullers earth from Bakersfield, Cal., have proven it to be equal to 
the English earth, and it is stated that contracts were closed with Missouri 
river packers and other consumers which increased the shipment for 1901 to 
2,500 tons, a very considerable increase over the shipments in the previous year. 
The analysis of the Bakersfield fullers earth is as follows: SiO, 54°32%, 
Al,0, 18°88%, Fe,0, 650%, CaO 1:00%, MgO 3°22%, ignition loss 11:86%, 
alkali (by difference) 4°21%. A comparative test of Bakersfield fullers earth 
with imported English fullers earth showed that 10 lb. of the former equalled in 
bleaching strength 9°75 Ib. of the latter. The tests were made on cotton-seed oil 
with 5 and 10% quantities of earth at a temperature of 100°C. for 45 minutes. 
The English earth used analyzed: SiO, 54-20%, Al,O, 14°30%, Fe,0, 630%, 
CaO 1:25%, MgO 2-72%, ignition loss 17°44%, alkali (by difference) 3-79%. 


GARNET. 


THE production of garnet for abrasive purposes in the United States during 
1901 amounted to 4,444 short tons, valued at $158,100, as compared with 3,285 
short tons, valued at $92,801 in 1900. The output was derived mainly from 
the mines in the vicinity of Ticonderoga, N. Y., which furnished 2,500 short 
tons, valued at $70,625 during 1901, as compared with 2,508 short tons in the 
preceding year. The balance of the total production in the United States was 
obtained from Chelsea, Pa., Roxbury, Conn., and from North Carolina. The 
last-named State entered the list of reporting producers in 1899, and has con- 
tributed a product of high grade. The price for garnets remained unchanged 
throughout the year, although the demand was slightly increased owing to the 
generally prosperous condition of the country and to the stocking up of a large 
concern which has recently entered the garnet paper trade. No new mines have 
been opened in the Ticonderoga region during the year. 

The geology and mineralogical character of the Adirondack deposits and the 
preparation and uses of the mineral product are given in THE MINERAL INDUs- 
TRY, Volume VI. 


GEMS AND PRECIOUS STONES. 


THE progress of the gem and precious stone industries in the United States 
during 1901 was mainly in the great activity displayed in the turquoise mines 
of New Mexico and in the emerald-beryl mines of North Carolina, owing to the 
increased use of the matrix as well as the gems for jewelry. The sapphire mines 
in Fergus County, Mont., also were actively developed by two mining companies. 

Dramonps.—United States.—The diamond deposits in the United States were 
fully described by William H. Hobbs, Tue Minera Inpustry, Vol. IX., 1900, 
p- 301. The production in diamonds for the year 1901, for the United States 
amounted to but $100 in value. The only new discovery of diamonds of interest 
in 1901 was the finding of a solitary gem in Lee County, Ga., the first ever found 
in that region. 

Africa.—The report of the De Beers Consolidated Mines, Ltd., for the fiscal 
year ending June 30, 1901, shows that diamonds to the value of £4,628,845 were 
sold by the company during the year. After deducting expenditures of £2,194,207, 
the profit balance for the year was £2,434,639, from which dividends to the 
amount of £1,579,582 were paid. The average yield per load of blue ground and 
lumps from the De Beers and Kimberley mines for the fiscal year was 0°76 carats, 
at an average value per carat of 39s. 7d. The average yield per load for the 
Premier mine, at Wesselton, was 0°295 carats valued at 27s. 4d. each. During the 
year the De Beers Co. purchased the claims of Mr. Leopold Herz in the Dutoitspan 
mine for £12,000; this mine now belongs wholly to the De Beers Co., except for 
the claims owned by the Griqualand West Diamond Mining Co., which are leased 
to the De Beers. A new contract for the sale of the diamonds has been entered 
into which gives the De Beers Co. a share in the profits of sale, as well as a higher 
price than formerly for the diamonds. During the latter part of the year the 
capital stock of the company was changed from £3,950,000, divided into £5 shares, 
to an issue of £4,500,000 divided into 800,000 shares of preferred stock at £2 10s. 
par value, and 1,000,000 shares of common stock of the same par value. The 
preferred stock will be entitled to dividends of 40% annually. ‘Ten thousand pre- 
ferred shares are held in the treasury and the life governors accept 160,000 shares 
to cancel their rights which entitled them to 25% of all profits made in excess 
of 36% on the stock. It is reported that negotiations for the purchase by the 
De Beers Co. of the Jagersfontein mine were completed in 1901. American 


276 THE MINERAL INDUSTRY. 


electrical machinery to the amount of $135,000 was ordered, which included two 
Westinghouse-Parsons steam. turbines of 1,000 kw. each, two 1,000 kw. direct- 
connected alternating current generators, all to be built by the Westinghouse 
Electric & Manufacturing Co., of Pittsburg, Pa. In the early part. of the year 
a canary-colored diamond weighing in the rough 600 carats was found. As cut 
in 64 facets it weighs 207°75 carats, is absolutely flawless and has a very brilliant 
luster. It was exhibited at the Pan-American Exposition at Buffalo, in 1901. 

The Orange Free State & Transvaal Diamond Mines, Ltd., capitalized at 
£550,000 in £1 shares, owns, in the Orange River Colony, approximately 12,000 
acres, comprising, the Kaal Vallai and Dirksburg freehold farms. The company 
also has leases of diamondiferous land east of Pretoria in the Transvaal. The 
company’s machinery is capable of handling 5,000 loads of clay per day, and 
250,000 tons of blue clay have been weathering on the floors during the Boer 
war. ‘I'he Lace Diamond Mining Co., Ltd., capitalized at £250,000 in £1 shares, 
discovered diamonds on its property of 5,000 acres in 1898. From February to 
October, 1899, 47,017 loads of yellow ground were washed for a yield of 9,888°5 
carats, or 21-03 carats per 100 loads. Before the war machinery capable of treat- 
ing 1,000 loads per day of 12 hours was erected, and a duplicate of this plant is 
expected to be in operation by July, 1902. It is estimated that the company has 
three years of work in the yellow ground in sight before reaching the bed of blue 
clay known to exist in the lower levels of the property. 

Australasia.—The estimated production of diamonds for the year 1901 is 
valued at £9,756. The diamond output for New South Wales was much restricted 
in 1900 owing to the extended and protracted drought. The production being 
but 9,828-5 carats valued at £5,663 against 25,874 carats valued at £10,349 for 
1899. The mines of the Inverell Diamond Field Co., Ltd., at Copeton (formerly 
Boggy Camp) were closed during the greater part of the year pending a recon- 
struction of the company. The quantity of wash dirt treated during the year 
was 4,275 loads for a yield of 3,546°5 carats of diamonds, valued at £1,063. The 
Soldiers Hill Diamond & Tin Mining Co. recovered, from May, 1899, to De- 
cember, 1900, diamonds to the weight of 5,887°5 carats valued at £4,256. The 
Elhot Diamond & Tin Mining Co. during 1900 treated 140 loads of wash for 
a yield of 637 carats of diamonds and one short ton of tin. Operations were 
commenced November 1, 1900. The diamonds average 3 or 4 to the carat and 
have been sold locally for 16s. per carat. During 1900 the Australian Diamond 
Fields Co., of ‘Copeton, treated 422 loads of wash for a yield of 466 carats of 
diamonds valued at £350. The Malacca mine treated 70 loads of wash for a yield 
of 202-5 carats of diamonds valued at £160. Other small holdings of the Copeton 
field produced 2,400 carats of diamonds valued at £1,583. The Bingara mining 
division produced almost nothing during the year owing to the great scarcity of 
water, the nearest stream being four miles away. Diamonds are reported at 
Watson’s creek, in the Bendemeer division and at Beryl, on the Cudgegong river, 
in the Miudgee mining district. At Nullagine, in West Australia, 230 tons of 
conglomerate were treated for a yield of 25 small diamonds valued at £24, and 
777 oz. of gold. 

South America.—The principal diamond mining States of Brazil are Bahia 
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anid Minas Geraes. The districts of Diamantina, Jequitinhonha, Abaithe, Baga- 
gem, and Saccado Veados, in Minas Geraes are the principal regions where mining 
is carried on. Diamantina is divided into the localities of Sopa, Boa Vista, 
Curalinho, and Lavras, the latter the richest diamond deposit in all Brazil. In 
the State of Bahia the most prominent districts are Sincova, Cannavieivas, and 
Salobro. The last-named district was supposedly exhausted in 1891, but recent 
investigations may lead to a revival of diamond mining there. The workings in 
this district were confined to the beds of the streams and shallow holes on the 
benches. The diamonds occurred in: the naturally concentrated gravel beds, in 
pockets, with no regular system of occurrence. The lower diamondiferous strata 
was not explored owing to the limited resources of the miners and the frequent 
and disastrous floods. The exports of precious stones for the first seven months 
of 1901 from the State of Minas Geraes amounted to almost $250,000 in value. 

British Guiana.—During 1901 a large number of prospectors and mining 
companies were operating in the Mazaruni diamond fields. The route to the 
fields follows the coast for 20 miles from Georgetown, thence 50 miles up the 
Essequibo river to Bartica, from there to San-San-Kopai Landing about 1-5 miles 
above Putareng creek on the left bank of the Mazaruni river. Navigation is 
difficult on account of the numerous rapids and cataracts, and prospecting ex- 
peditions are costly to outfit. The expense of outfitting for three months for an 
expedition of eight men and transporting them from Georgetown to the diamond 
fields is $1,000. The principal diamond diggings are five miles back from the 
Mazaruni river. Among the prominent companies operating in the district are: 
The British Guiana Diamond Syndicate; the Fogel-Armeny Syndicate, at Sara- 
namoo; the Stripp, Menzies, and Morris Syndicate, on Jasper creek; the Mar- 
shall Syndicate; the Nascimento Syndicate; the Wieting Syndicate, between 
Putareng and Saranamoo creeks; the Barnard Syndicate, on Saranamoo creek ; 
the Forbes Syndicate; the Ho-a-Hing Kenswall Syndicate ; the Harrison- 
Richter Syndicate; and the Biallosterski Syndicate, on Putareng creek. Some 
of the larger syndicates have their own boats plying between the diamond fields 
and Georgetown. The production of diamonds for the first three months of 
1902 was 3,426°5 carats, valued at $41,062 in contrast with a production for the 
same period of 1901 of 326 carats valued at $4,656. 

Dutch East Indies.—Diamonds are found in Dutch Borneo near the sources 
and along the courses of the Martapoera, Riam Kiwa, Riam Kanan, and Bandjoe 
Irang rivers. The Bandjoe Irang field, formerly the most important, together 
with the region of Tjampaka, is worked out. All the fields are in the south 
eastern portion of Borneo, and still produce stones in small quantity but of good 
quality. 

India.—In 1900 Central India produced 169 carats of diamonds valued at $350. 

Emeratps._—Emeralds are mined in Mitchell County, N. C., and in Blacks- 
burg, S.C. The emeralds from Mitchell County are cut in the matrix, polished, 
and sold in quantities. 

The Muzo and Coscuez emerald mine in Colombia is the only one in the world 
which is worked continuously. The mine is very crudely worked, but the emeralds 
are of fine color and excellent quality. The mine is located 50 miles from 


278 THH MINERAL INDUSTRY. 


Bogota, very near the route of the Inter-Continental railway. The Government 0. 
Colombia leases the mines to an English syndicate, which has made millions 
from its profits of operation. 

The firm of Streeter & Co., of London, has a concession from the Egyptian 
Government to prospect for emeralds in the region of the Red Sea coast until 
1904. In the winter of 1899-1900 an expedition was sent out by Streeter & Co. 
to explore the ancient emerald mines of Jebel Zabara, about 80 miles south of 
Um Rus, and 25 miles from the harbor of Sherm Sheik, on the Red Sea. In 
ancient times the emeralds of Zabara were. noted for their fine quality and the 
large quantity produced. The emeralds occur in a matrix of mica schist together 
with large quantities of beryl. The zone of schist extends from beneath the 
Nubian sandstone to the westward of Jebel Nikhari, south of the Hamesh gold 
mines, and thence eastward to Jebel Zabara and the sea. Another zone of 
micaceous and talcose rock in which emeralds might be discovered lies to thel 
north of Hridia, eastward of Keneh. 

A discovery of emeralds is reported during the latter part of 1901, in the 
vicinity of Corocoro, Bolivia. 

Emeralds are found in the Balkan Mountains, Russia, but the annual output 
is small and the finds are irregular. 

OpaL.—Mining for opals in New South Wales is confined to White Cliffs, 
in the Wilcannia district, the search being limited to shallow depths. From Sep- 
tember, 1899, there has been a steady decline in the population of White Cliffs, 
the estimate for August, 1899, being 2,500, while December, 1900, showed but 
1,400 persons, due to the overproduction of the poorer quality of opals and the 
consequent restriction of mining operations. In 1900 a comparative scarcity of 
first-class opals was reported, buyers being unable to purchase as much as desired. 
During 1900 the White Cliffs Opal-Mining Co., Ltd., had 400 tributors working 
on the company’s leases. The estimate of the value of the output of 1900 is 
£80,000. The declared value of the parcels weighing about 51,260 Troy oz. con- 
signed through the postoffice was £44,417, with no estimate for amounts for- 
warded by coach or taken personally. The value of the production of opals for 
the year 1901 for the White Cliffs field is estimated at £120,000 an increase over 
1900 of £40,000, which is due to the large number of men attracted to the field 
by the depression in the Broken Hill and Cobar mining divisions. 

The principal opal mining district in Mexico is in the State of Queretaro, 
near La Esperanza, where large quantities are produced and cut annually 
of the noble opal, fire opal, harlequin, and lechosos (the latter showing red and 
deep-green flashes of color). The State of Hidalgo produces from Zimapan valu- 
able quantities of the fire opal annually. At Huitzuco and San Nicolas del Oro, 
in the State of Guerrero the opals are transparent and streaked with red, green 
and blue. Opals valued at about $10,000 are said to be exported annually by one 
mine owner from this State. Large quantities of noble opals are mined in Central 
America, and opals are also mined in Arizona and New Mexico, U.S. A. 

Rupy.—The report of the Burma Ruby Mines, Ltd., for the fiscal year 
ending February 28, 1901, shows total receipts including rubies sold, interest, 
etc., amounting to £110,626; the expenses amounted to £70,781, leaving a net 
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balance of £39,845. Deducting the percentage payable to the Government of 
India for rental, amounting to £12,440, there remained a net profit of £27,400, 
which, including the balance brought forward from the previous fiscal year, 
yielded a sum available for distribution of £36,286. The directors recommended 
a dividend of 175% equal to £26,162, and carried forward £10,124. During 
the fiscal year 947,444 loads of ruby earth were washed at an average cost of. 
10-29d. per load, against 888,135 loads at 10°39d. for the previous fiscal year. 
The erection of a two-pan washing machine at Padansho, near Kyouklongyi, was 
completed, enabling the output for this mine to be doubled, and the surface strip- 
ping for the opening of the new mine at Choungzone was begun. A third electric 
installation for the working of this mine was received at Mogok. The Burma 
rubies occur in beds of coarse gravel mixed with graphite, garnet, and spinel. 
The Burma rubies more nearly approach the pigeon-blood color than those found 
elsewhere, and consequently the output is more valuable proportionately. ‘The 
New Kabue Gold Mines of Siam, Ltd., although inactive in the gold field during 
1900, took over the lease of the sapphire and ruby mines at Pailin. The company 
does not engage directly in mining but grants licenses to native diggers, and leases 
out the various surface rights. Bo Wen and Taphan Hin, in the Province of 
Chantaboon, Siam, yield the greatest output of rubies, although the Bo Yan and 
Navong mines, in the Province of Krat, produce large quantities annually. The 
Siamese rubies are much darker in color than the Burmese ones and have a 
tendency toward a purplish color. Occasionally the famous pigeon-blood rubies 
are found in the valleys and water-courses surrounding Ratnapura and Rakwena, 
Ceylon. While the Ceylon rubies are limpid in brillancy and pale in color, they 
are not so valuable as Burmese or Siamese rubies. The total production of rubies 
for 1900 in India amounted to 214,856 carats. A ruby worth when cut barely 
£1 was found in 1900, at Beatrice creek, in the Jordan creek gold fields, Queens- 
land, Australasia. 

SAPPHIRES.—Sapphires of high quality and variegated colors and tints are 
found at Rock creek, in Missoula County, Mont.; on the Missouri river, be- 
tween Cafion Ferry and American Bar the sapphires are bluish-green, blue, and 
white, and are mined in large quantities; in Deer Lodge County, on Cottonwood 
creek, sapphires of variegated colors are found, and at Yogo, in Fergus County, 
are the mines operated by the American Gem Mining Co. and the New Mines 
Sapphire Syndicate, of London, which last produced in 1901 about 100,000 carats 
of gems, and 5,000 oz. of stones, which are ground and mixed with diamond dust 
for use in polishing gems. The Yogo gems occur in an igneous dike, which ex- 
tends for some five miles through bodies of massive gray limestone. The stones 
are recovered by ground-sluicing and hydraulicking; the matrix of the stones 
disintegrating either in the sluices or by weathering, in similar manner to the 
blue clay matrix of the South African diamond fields. The output of the New 
Mines Sapphire Syndicate is shipped to Europe for cutting, and the product of 
The American Gem Mining Co. is cut by lapidaries in Helena, Mont. The Yogo 
sapphires are equal in quality and in value to the best Ceylon and Burma product. 
A further account of Montana sapphires, written by W. H. Weed, will be found 
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later in this section. In Cowee township, Macon County, N. C., sapphires are 
found in seams or layers i nan altered hornblende gneiss. 

At Anakie, in the Clermont district, Queensland, Australasia, sapphires to the 
value of £900 were mined in 1900. The stones are found under boulders in a 
wash not more than 3 ft. deep. The deepest workings do not exceed 14 ft. The 
wash is screened and sluiced and the stones recovered on tables by hand picking. 
The Withersfield Sapphire Co., Ltd., holds 240 acres of ground, which is expected 
to be actively developed in 1901. The production of sapphires for 1900 came 
from chance prospecting over a wide area of ground. The output of sapphires 
for 1900 in India amounted to 7,239 carats. In that year the New Kabue Gold 
Mines, Ltd., took over the lease of the sapphire mines at Pailin, Siam. The 
company leases the surface rights to native diggers. 

TurQuotse.—During 1901 seven mining companies were engaged in mining 
and marketing turquoise, mainly from the Cerrillos Mountains of New Mexico. 
The value of the total production from the United States during 1901 (most of 
which was provided by New Mexico) being $118,000. Among the mines of New 
Mexico are the Blue Bell, situated 2°5 miles north of Cerrillos, and the Old Cas- 
tillian, owned and operated by Tiffany & Co., of New York City. Other deposits 
of turquoise are in the Hatchitas and Cow Spring Mountains, near Silver City, 
N. M. The Silver City Turquoise Co. is operating a mine 1°5 miles northeast 
of Burros, Grant County, N. M. It is reported that an old turquoise mine 
situated about 62 miles northeast of Manvel, San Bernardino County, Cal., is 
being operated with a small force of men by a New York company. Turquoise 
in some quantity and of good quality is reported from the Tonapah district of 
Nevada, at about 12 miles from Crow’s Springs. The turquoise mines at Wady 
Maghara, in the peninsula of Sinai, which were again started in 1900 by the 
Egyptian Development Syndicate, produced a small quantity of turquoise of good 
quality during 1901. 

TOURMALINE.—The disturbances:in China caused the closing of the tourmaline 
mines in Mongmit, a Shan State, during all of 1901, for there is little or no de- 
mand for tourmaline outside of China. The jade mines of Myit-Kyina district, in 
Upper Burma were closed during the year for the same cause, although a 
little mining was done. The tourmaline mines of Mesa Grande, San Diego 
County, Cal., provided nearly all of the production of tourmaline in the United 
States during 1901, which amounted to a value of $15,000. A new deposit of 
tourmaline a short distance from the older one promises an increased output 
for 1902. 


MontTANA SAPPHIRES. 
By WALTER HARVEY WEED, 


Harty in Montana’s history, when the “bars” of the Missouri river, near Helena, 
the terraces and side hill deposits of river gravels were being washed for gold, the 
riffles in the sluice boxes sometimes held pale greenish stones which were un- 
noticed at first, but identified later as sapphires. The discovery awakened but! 
little interest at a time when gold alone was the object of search. From these early 
days to the present the river bars have been intermittently worked by nomadic 
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placer miners. About 1893 the locality was visited by European gem experts, who 
were impressed by the brilliancy of the stones and wrote most flattering reports, 
which confidently predicted that despite their unconventional color, they would be- 
come popular and highly prized gems. Heavily capitalized companies, which were 
organized abroad, acquired large tracts of land along the Missouri, and Montana 
was heralded as the new Golconda. Unfortunately these expectations were not 
realized. The stones were abundant and of high brilliancy, but their pale green- 
ish color did not meet with popular favor, and Montana sapphires were a drug 
on the market. In 1895, as a result of placering for gold, the new Yogo field 
was accidentally discovered, and, as the stones were of the much-prized cornflower- 
blue color, they met with a ready sale. The property is to-day not only the most 
valuable gem mine in America, but the only place where sapphires are mined in 
the original matrix in which they were formed, resembling in this respect the 
Kimberley diamond mines of South Africa. 

The Missouri river localities are located 12 to 18 miles from Helena. The 
different bars have received names—Ruby Bar, Spokane Bar, etc., and the gravels 
all contain sapphires as far up stream as Emerald Bar. These gravels are from 
10 to 50 ft. thick, and situated at varying elevations above the stream (130 ft. 
at Emerald Bar). The gems are found in situ in a dike of igneous rock 3 miles 
below Canon Ferry. 

As investments these bar deposits have not been remunerative because the stones 
are chiefly of a pale greenish yellow color, and though very brilliant, are not 
highly esteemed by the public. Blue and red stones of fine color are extremely 
rare, and the pink and yellow ones not common enough to be counted upon in 
washing the gravel. The Missouri river bars are therefore not now worked, and 
the heavily capitalized corporations formed to mine the gems are financial failures. 

The Rock creek locality is about 30 miles west of Anaconda and the same dis- 
tance southwest of Phillipsburg, in Granite County. The sapphires occur in the 
gravels of several small streams forming the central headwaters of Rock creek. 
These placer claims have been extensively worked in the past three years, yielding 
several hundred thousand carats of rough stones, of which about 6% are fit for 
cutting. ‘lhe gems occur only in stream gravels, but a few specimens are found 
in the original matrix of igneous rock. The gems from this locality, though 
greenish or blue-green, are deeper colored than those from the Missouri Bars, and 
meet with a ready sale in Montana, where they bring prices but little less than 
those of the blue stones. 

The Cottonwood creek locality is about 10 miles east of Deerlodge, on the head- 
waters of the stream that flows through the town. The gems occur only in stream 
gravels, are of the usual pale greenish color, and the deposits have as yet been 
but little worked. 

The Yogo mines, situated in the eastern footslopes of the Little Belt Mountains, 
are near the junction of Yogo creek with the Judith river, 15 miles from Utica, 
which is the nearest town, and accessible by stage from the terminus of the Mon- 
tana railroad or from Great Falls. The gems occur in a dike of dark gray igneous 
rock, forming the sapphire vein, which has been traced for a distance of nearly 
five miles from the meadows of the Judith river across barren limestone hills 
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to the cafion walls of Yogo gulch and beyond. This remarkable dike, for the vein 
is a true dike of igneous rock, cuts white limestones (Carboniferous) and the red 
clays and dark shales which overlie them to the east. The gems occur in corroded 
forms and in well-defined crystals somewhat sparsely distributed throughout the 
rock. The dike rock is, when unaltered, of a very dark gray color and dotted with 
white and pale green inclusions. It consists of brown mica (biotite) and green 
pyroxene (diopside) and is classed as a basic minette. The inclusions consist of 
fragments of limestone or shale altered to calcite diopside and quartz. 

The present workings consist of great open cuts, one of them 700 ft. long and 
90 ft. deep, another 1,200 ft. long and 20 to 50 ft. deep, besides tunnel and shaft 
workings. Much of this open cut work has been done by hydraulic mining 
wherever the slope of the hillside permitted one end of the cut to reach the sur- 
face. The upper part of the vein consisted of a coarse breccia composed of frag- 
ments of altered limestone and shale in a yellow clay. These fragments diminish 
in amount in depth, and the mass of the dike is a yellowish brown clay, but this 
changes at 20 to 50 ft. in depth to a blue clay in which there are boulders and 
masses of the still fresh and undecomposed igneous rock. This blue clay, like 
that of the Kimberley diamond fields, is a product of the alteration of the igneous 
rock. It is a very important factor in the economical working of the mines, as 
it would be all but impossible to extract the gems from the original rock itself, 
whereas the blue clay disintegrates readily on weathering. 

Ths material is worked by washing it into sluice-boxes similar to those used 
in ordinary placer mining for gold. The boxes are set with less fall than for gold 
and the riffles made slightly higher, as the sapphires are not so heavy as the gold, 
and hence would wash away. The “dirt” mined in the open cuts is screened and 
the fine material carted to the sluice-way to be washed, while the lumps are 
gathered in heaps to slowly disintegrate through weathering. This process is 
hastened by occasional wetting, which, with the freezing incident to the usual and 
almost nightly frosts of this altitude, aid the process. ‘This disintegrated material 
is subsequently washed in the sluice-boxes. The material caught in the riffles 
is “cleaned up” and treated in an ordinary gold rocker fitted with three sereens 
of different mesh. This climinates much of the waste, and the resulting concen- 
trate is panned by hand. The residual material consists of small irregular lumps 
of pyrite and the sapphires, and from this the gems are picked by hand. Formerly 
the small chips were rejected, but there is now a market for all the material, not 
only the larger gems, but also for the smaller ones for watch jewels. The stones 
are mostly small, a large proportion being flat discs showing the triangle (the 
so-called signature of the sapphire) in relief. Gems of 4 to 5 carats are rare. 
The largest stones found weighed from 11 to 12 carats and cut to gems of 5 to 
6 carats. These larger stones are valued at $75 a carat, but the smaller ones sell 
at retail at $30 to $40 per carat, according to the stone. In 1901 the output. 
was about 150,000 carat of cuttable material. 

Origin of Sapphires—From the foregoing brief description it will be seen, 
that the gems occur in dikes of igneous rock, both at Yogo and near Helena. 
The dike rock is different in the two localities, being a basic minette composed of 
only pyroxene and biotite at Yogo and an altered augite-mica-syenite in the Mis- 
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souri river. locality. These are both very basic rocks, thus emphasizing the re- 
semblance to the occurrence of diamonds in Africa. Sapphires have been formed 
artificially from alumina dissolved in molten glass, from which crystals separated 
out in cooling. There is therefore no reason to doubt that the Montana gems origi- 
nate from fragments of shale gathered from the walls of the fissure and carried 
upward as the liquid igneous magma filled the crack. These fragments dissolved 
in the liquid rock which then became extremely rich in alumina, which element, 
upon cooling, crystallized out as sapphires. It also seems certain that corundum is 
sometimes an original constituent of igneous rock. 


1 Morozewicz, Zeitschrift fuer Krystallographie, Vol. XXIV., 189%, p. 281. 


GLASS. 


THE remarkable growth of the glass industry is shown by a comparison of the 
figures obtained from the Census Bulletin of 1900 for the decades 1890-1900 and 
1880-1890, summarized respectively as follows: Number of establishments 355, 
against 294; capital $61,423,903, against $40,966,850; salaried officials, clerks, 
etc., number,’ 2,268, against. 1,095; salaries $2,792,376, against $1,232,561; 
wage earners, average number, 52,818, against 44,892; total wages $27,084,710, 
against $20,885,961; miscellaneous expenses $3,588,641, against $2,267,696 ; cost 
of material used $16,731,009, against $12,140,985 ; value of products $56,539,712, 
against $41,051,004. The total cost of fuel in 1900 was reported as $3,203,146, 
of which amount natural gas cost $1,575,278, coal $1,074,074, and oil $409,158, 
the remainder being divided between coke and wood. Some Indiana establish- 
ments reported little or no cost for fuel, gas being supplied to them as an in- 
ducement for location, or because they owned their own gas wells. The cost of 
packages and materials for same was $3,390,627 in 1900, against $1,853,462 in 
1890, an increase of 82°9%, due to the general demand for a safer and neater 
package and the increased use of the carton package for lamp-chimneys, ete. 
Soda ash was used in 1900 to the amount of 157,779 tons at a cost of $2,259,939, 
against 96,777 tons, costing $3,108,233 in 1890, the average cost per ton being 
$14-32 and $3212, respectively, the decrease being due to the development in 
America of the soda ash industry. 

The increase in the value of glass products between 1890 and 1900 was 37°7%, 
but probably the increase in quantity was in excess of this figure, especially in 
the output of bottles, jars, and glassware owing to the general introduction of 
the tank melting furnace and the adoption of improved mechanical equipment. 
The number of pieces of glassware, bottles, jars, etc., manufactured wag not 
reported at the census of 1890, hence the impossibility of any comparison with 
the 1900 census. The total production of plate glass, rough and polished, in 1890 
was 12,206,942 sq. ft., against 17,512,262 sq. ft. in 1900, an increase of 43°5%. 
The production of cathedral glass in 1890 was 2,773,824 sq. ft., against 
8,846,361 sq. ft. in 1900, an increase of 218°9%. The outputs of skylight and 
wire glass in 1900 were 3,679,694 and 1,295,504 sq. ft., respectively, with no 
report for 1890. The production of window glass in boxes in 1890 was 3,768,884, 
against 4,341,282 in 1900, an increase of but 15°2%, which is accounted for by 
the shorter “run” during the “fire,” the average “run” being about 6 months in 
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1900, against nearly 10 months in 1890; besides, labor was very scarce during 
1900. 

In addition to the 355 active establishments in 1900, there were 60 establish- 
ments idle during the census year, no account being taken of the permanently 
deserted and abandoned factories. Of the 60 idle factories, 41 with a capital of 
$2,296,587 manufactured pressed and blown ware, or bottles and jars. The re- 
maining 19 idle works were building glass manufactories with a capital of 
$1,247,949. 

New Establishments.—The following companies were incorporated or an- 
nounced to be incorporated during 1901: In April, 1901, the Mississippi Glass 
Co. was organized in New Jersey with a capital of $1,500,000 to control the 
output of wired glass in the United States, and consolidated the following com- 
panies: the Mississippi Glass Co., the Besto Glass Co., the Wire Glass Co., of 
Pennsylvania ; the American Wire Glass Manufacturing Co., and the Appert Glass 
Co. The glass is being produced at the works of the Mississippi Glass Co. at 
St. Louis, and the Appert Glass Co. at Port Allegheny, Pa. Announcement was 
made of a recent order of 100,000 ft. for the Japanese Government, and that the 
use of wire glass for fireproof shutters of large buildings was increasing. .Prices 
announced were 15e. per sq. ft. for 0°25 in. glass in stock sheets. The Columbia 
Plate Glass Co.’s new $1,000,000-plant at Blairsville, Pa., with an annual capacity 
of 1,500,000 ft. of glass, is expected to be in operation by June 1, 1902. Harly 
in 1902 the new window glass plant at Danville, Il., was started. The plant 
employs about 150 men, and is the largest in the State. It is expected that a 
large glass plant will be established about the middle of 1902 at Stockton, Cal., 
at a cost for plant of $60,000. An Eastern concern will move its plant to this 
place with its 150 employees to take advantage of an exceptionally fine deposit 
of manganese ore (used for tinting glass) near Tesla, close to Stockton. The 
Atlas Glass & Metal Co., capitalized at $1,000,000, was organized in West Vir- 
ginia during the latter part of 1901 to operate factories at Wheeling and Clarks- 
burg, W. Va., and Washington, Pa. The Yonkers Glass Co., capitalized at 
$100,000, was organized early in 1902 in New Jersey. The Ohio Glass Co., with 
a capital of $50,000, was organized to operate a factory for the manufacture of 
prescription bottles, at Sisterville, O.; the factory will cost $30,000, and it is 
expected to be in operation early in 1902. The Diamond Cut Glass Co. was 
organized early in 1901 to manufacture cut glass in Jersey City, N. J.; the 
capitalization is $50,000. The Kokomo Glass Manufacturing Co., capitalized at 
$35,000, was organized late in 1901 to manufacture glassware at Kokomo, Ind. 
During the latter part of 1901 the New Martinsville Glass Co., at New Martins- 
ville, W. Va., increased its capital stock from $50,000 to $100,000. 

Tariff Decisions—In a circular dated May 7, 1901, the Treasury Department 
announced that the custom of assessment which prevailed for some 80 years pre- 
viously would be altered from assessing on plate and window glass by superficial 
area in square inches, to arbitrarily bracketing the sizes by length and breadth 
measurement of the piece without regard to the number of square inches contained 
therein, also that the ruling would apply on all glass imported after September, 
1900, thus compelling the jobbers to pay the excess duty on glass sold under 
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the old ruling for nearly a year. The duty had been paid under protest by im- 
porters at St. Louis and Boston, but New York, Philadelphia, Chicago, Cincin- 
nati and Louisville escaped until the lack of uniformity brought to the attention 
of the department, resulted in the circular of May 7, 1901. The effect of this 
decision is virtually to exclude the long narrow strips of glass which were formerly 
sold by foreign manufacturers at less than cost prices, and is a corresponding 
benefit to American manufacturers. 

Review of Prices——-The Independent Glass Co., which had a working agree- ° 
ment with the American Window Glass Co., during 1900, was incorporated early 
in 1901, A new list was issued under date of January 21, 1901, by the National 
Window Glass Jobbers’ Association, which announced the following discounts 
to the trade: less than car lots, 88%; car lots, 90% from list. These prices 
were universal for single and double strength glass. In March prices were ad- — 
vanced to 85% and 5% for less than carloads, and 87°5% in carloads. In April 
discounts were 85% for less than car lots, and 85% and 10% and 25% for 
carloads. In May, and from thence on to November 1, the prices were 80% 
and 20% discount for less than carloads, and 85% and 5% for carloads. When 
the furnaces went out of blast at the customary time early in May the outlook was 
most favorable, the market was strong and the stock on hand was a little less than 
normal. In November the competition of outside factories and imported glass 
resulted in a ruling of the Jobbers’ Association, permitting jobbers generally to 
establish their own prices, and later in the month the prices were made 90% 
discount for less than car lots from store; 90% and 75% discounts for carloads 
from store, and 90% and 12°5% discount for carloads f. 0. b. factory. Later 
in the year these prices were shaded materially in the attempt to force outside 
glass factories into a price agreement with the result that the year closed with a 
demoralized market. 

Germany.—Two important glass works of Germany are situated in the dis- 
trict of Brunswick, both of which export important quantities of optical and plate 
glass to the United States annually. The Deutsche Spiegelglas Actien Gesell- 
schaft, at Freden, Province of Hanover, manufactures plate glass and lenses for 
eyeglasses. The incorporated firm of Voigtlaender & Sohn Actien Gesellschaft 
manufactures optical glass and scientific instruments. Recently the firm estab- 
lished. a branch factory in the city of New York, U. 8. A. During 1900 tha 
value of the optical and plate glass shipped from the district of Brunswick to 
the United States amounted to $82,193, the value of the scientific instruments 
being $1,379. The factory of Voigtlaender & Sohn was established in the city 
of Brunswick in 1756. It employs 260 hands and has a staff of 15 foremen who 
have had technical education. Among the articles manufactured are photographic 
objectives of all sizes and systems; euryscopes; astigmatic collinears, and 
apochromat-collinears, used by photographers and for process work of all kinds. 
Recently in the construction of its instruments the firm introduced a new alloy 
of aluminum and magnesium called magnalium, which greatly reduces their 
weight and renders them weatherproof. 'The short rifle telescope, in genera] use 
by sportsmen in Germany, is one of the specialties of this firm. 

The glass factories of Lorraine, numbering four, make glassware of all kinds 
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and prices—watch glass, spectacle glass, lamp glass, window glass, glass for 
pendules and for scientific instruments, etc. Most of the output is exported to 
the United States and other countries. The increase in the export trade in glass 
from Lorraine is shown by the following figures: $67,177 for 1898, $139,498 
for 1899, and $177,576 for 1900. 

Roumania.—Four glass manufacturing works supply Roumania with about 
all the cheap glassware it can consume. The works established at Azuga, with 
office at Bucharest, is owned by a limited corporation, and produces from $77,200 
to $96,500 of glassware annually, working three shifts of laborers per 24 hours. 
Their products are colored, ordinary and cut, hollow glassware and engine-turned 
glass articles. The factory at Bogdanesci, in the district of Bascau, is owned by 
the Weisengrun firm of Jassy, employs from 80 to 100 workers, and manufactures 
annually ordinary hollow glassware valued at about $38,600. The rather primi- 
tive glass works at Storesci, in the district of Botosani, produce hollow glassware 
of the common type, cylinders for lamps, medicine and ink bottles, etc., the annual 
output amounting to from $19,300 to $28,950. The factory at Heci-Lespezi, 
in the district of Suceava, has two Siemen’s gas-ovens, employs 200 hands, and 
manufactures, besides ordinary hollow glassware, fine, cut, white and colored 
goods, largely sold in Roumania, but to some extent in Bulgaria and Turkey. 
The factory for the manufacture of glass plates at Ciobanesci, in the district of 
Bascau, was established early in 1900 and has a capital of $77,200. ‘The im- 
portation of cheap or ordinary glassware into Roumania amounts to practically 
nothing, but there is a small market for the better quality of articles. 

Technology.—A process for producing glass vessels of an unusually large size 
was invented during 1901 by Paul Sievert, of Dresden, Germany, which consists 
in pouring the liquid glass on a cast-iron plate, where it hardens as soon as it 
reaches the projecting edges. The still refractory glass frees itself from the plate 
(the hardened edge remaining fast) and forms an elongated sack, the bottom 
of which rests upon a table. Compressed air is conveyed to the sack by means of 
a hollow cylinder and a plate pierced with holes, and the sack is blown to the 
required size while the table is being lowered. While the table continues to 
sink, the upper glass edge is freed by the removal of the projecting edge of the 
plate and the finished vessel is allowed to cool. Formerly concave glass vessels 
above 26°4 gal. capacity could not be blown, but it is stated that bath tubs and 
large kettles may be blown by the new method. An electrical method reported 
to be in use in Cologne, Germany, is described as follows: The components of 
the glass after mixing are exposed on a series of platforms arranged in steps, 
to the action of the voltaic are. The fusion is gradually increased on the suc- 
ceeding steps, and at the foot of the staircase furnace the material falls into a 
receiver which communicates with a second receiver at the bottom, where it is 
cleansed of its impurities, and finally reaches a third receiver from which it is 
taken to be worked. 

A proposed method of M. Leon Lemal for coloring glass by penetration is 
described as follows: A little silver salt is sprinkled on the surface of the glass, 
which is then heated to 500° or 550°C. When the excess of salt has been removed 
the surface of the glass appears yellow, the color penetrating to a depth of 
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0°17 mm. after 5 minutes of baking. In an hour double that depth would be 
colored ; after 18 hours the glass would be penetrated through 1°6 mm. of depth. 
To transfer a lace pattern on glass, the lace should be dipped in a 0°001 solution 
of silver nitrate and then into potassium sulphide. It is reported that colored 
monograms may be obtained in this way, and that ordinary collodion negatives 
can be printed on glass in various colors by this method; silver and copper 
give a red, and gold and iron salts have also been used. When the baking is 
continued for a long time the coloring matter should be renewed every six hours. 

United States Patents Nos. 688,923 and 688,924, of December 17, 1901, issued 
to G. W. Blair and H. J. Hays, cover a window glass blowing machine, which is 
expected to be in use during 1902. According to the specifications, the cylinders 
are formed over a circular mold centrally projected through the surface of the 
molten glass in the furnace, by the insertion of a properly shaped dome-like 
metallic gathering head of circular form over and around the orifice and into 
the fluid glass surrounding it, which adheres to it as it would to a blowpipe. 
The cap or gathering head is then withdrawn slowly, the glass adhering to it 
forming the beginning of a hollow glass cylinder, which is increased in size by air 
interiorly supplied through the projecting orifice of the gathering head. This 
projecting orifice prevents the cylinder from collapsing while it is being drawn 
upward through the furnace-crown, or suitable glass-holding receptacle. The 
machine in question has been under construction in Allegheny, Pa., during the 
past three years. 

A machine for blowing glass bottles, ete., has been perfected by M. Claude 
Boucher, of Cognac, France, by which one workman with two assistants is able 
to turn out 600 bottles weighing from 600 to 700 g. each, in from 10 to 11 hours, 
the blowing being done by compressed air. For a detailed account of this inven- 
tion reference should be had to the Bulletin de la Société d’Encouragement, May 
30, 1901. 


GOLD AND SILVER. 


THE production of gold in the world during 1901 was 12,812,792 fine oz., valued 
at $264,840,477, as compared with 12,614,633 fine oz., valued at $260,743,830 in 
1900. This slight increase was due chiefly to the United States, Mexico, Russia, 
Rhodesia and Australia. 

The United States continues to occupy the foremost position as a gold- 
producing country, with Australia second, Russia third, and Canada fourth. 
These four countries produced in the aggregate nearly 80% of the total world’s 
production of gold in 1901. The largest individual increase in gold output was 
in Russia amounting to 181,152 o0z., valued at $5,744,543, while the Transvaal, 
which was the chief producer in 1898, contributes an output even less than in 
1900, the total production for this country in 1901 being but 238,991 fine oz., 
valued at $4,939,944. Deducting the Transvaal output from the grand totals for 
1900,and 1901, the statistics show an increase in the other gold-producing coun- 
tries of $10,171,000 for 1900, and $6,366,572 for 1901. 


PRODUCTION OF GOLD IN THE UNITED STATES. 
1898. 1899, 1900. 1901. 
State or Territory. SRE ee ara atone reas MeO NaE eur : 
Fine Value. Fine Value. Fi Ine Value: Fine Value. 
Ounces. (a) | Ounces. |- (a) Ounces. ta) | Ounces. (ay 
PURSE ste iviiscue ete s cesiuees 136, 430) $2,820,000) 247,944} $5,125,000) 364,385] $7,531,835 334,000) $6,904,000 
ATI ZOMG acre cise ass Sie te Wereieeete 116, 110) 2,400,000 124,577) 2,575,000 131,834} 2,725,000 208,856} 4,193,400 
WaEOR IA so arcs oaicinle aicerererorereig 740, 203) 15,300,000) 730,527) 15,100,000) 757,186) 15,650,000 760,973) 15,730,700 
P@OlOLAMON Sait ae heolae ees 1,138,584 23,534,581! 1,282,471 26,508,675) 1,391,486) 28,762,036 1,402. 875) 29.000.000 
TO aN Ose Sioa eo oiciclas wom sreromion stetereea 99,178 2,050, 000 84, 664 1,750,000 100,000} 2,067,000 110,000} 2,273,900 
MEGAN caeeton voteete se cite | 258,890! 5,247 -913) 233,147| 4,819,157 249,153) 5,150,000 243,000) 5,028,300 
ING VC icaeititics celinerercectenyes 145,138 3 000, 000} 107 1644) 2,225,000 97,910) 2,023,803 145,125} 3,000,000 
Mew WMexieOs S35 canes 23, ,222| "480. 000! 24.190) 500,060 86.284 750,000 40,292) 832.900 
OLEGONe ae cy ssc ecto eo ae needa 58,862) 1,216,669) 62,893} — 1,300,000 79,842) 1,640,000 86,000) 1,777,800 
South Dakota. ssn0.2: feces ees 276,730) 5,720, 000) 282,944) 5,848,464 820,513) 6,625,000 819,361) 6,601.800 
Southern States (b)........... 12,731 263,153} 8,466 175,000 11,127 230,000 16,584 342,900 
Witahicc oo ewes cae es | eee 2,372,442) 166,909) 3,450,000) — 200,296 | 4,140,000) 185,000; 3,824,300 
Washington .......... : 29,028 600,000) 32,656 675,000 88,703 800,000) 80,000, 620,200 
Other States..........eeeeeeee sek 77, 122) 2,164 44,725 om 65,000 4,512) 98,200 
Total domestic............ 3, 148, 642| S65, 082, 430; 3,391, 196) $70,096,021 | 3,781,310 $78,159, 674| 8,880,578 $80,218,800 
HORONOMIE siaisrcciesatiaieieicieis eidieteiele’s 1 065,552 22,024,960 1 ,423,449| 29,422,691; 1,948, 519| 40,275, 888} 1,730,856) 35,776,794 
s a Hana - _ }— — — —_ 
Grand:totale ns meses ees 4,214, 194 “87. 107, 390 4,814, 645, | W0.518,712 5,729, 829/118, 435, 562} 5,611, 434 115, 995, 674 
Toinl dowetieke.. ck Wee Per ieee ri ik eae ae ‘ao al Uae ek 
Total foreign—kg.........| 38,142) Jeveeee voce 44.274 | Sistine COGOB eis ty | 58,835) i a etn ans 
Grand total—kg.......... WROTE, er eee i Wewiel. His lo 174,588) we : 
) ) { } J } 


(a) 1 oz. gold = $20°67; 1 kg. = $664°60. (b) Virginia, South Carolina, North Carolina, Georgia, Alabama 
and Texas. (c) Estimate furnished by Mr. G. E. Roberts. 


Countries. 


AMERICA, NORTH: 
United States 


Mexico (a). 

Central America... 
AMERICA, SOUTH: 

Argentina 


Ecuador 

Guidna (British).... 
Guiana (Dutch) 
Guiana (French).... 


Uruguay 
Venezuela 


United Kingdom... 
AFRICA: 


Transvaal 
Abyssinia 
Rhodesia 


West Coast 
Madagascar 
Mozambique....... 


ASIA: 
Borneo (British)... . 


East Indies (Dutch) 
India (British) 
Malay Peninsula... 


AUSTRALASIA (f')... 
Unspecified (g) 


Totals 


THE MINERAL INDUSTRY. 


GOLD 


1899. 


PRODUCTION 


OF 


THE 


WORLD. 


1900. 


Fine 
Ounces. 


Kilo- 
grams. 


8,391,196 
1,018,371 
2,600 
448,832 
25,402 


3,628 
7, 255| 
107,644) 
46,110] 
111,272 
6,047 
108,269 
26,972 
80,072 
41,636 
1,961 
49,191 


2.434 
98,677 
8.681 
3,601| 
3,643 
74 


‘ 


1,159,214 


11,060 
5,416 


11,168 
273,246 
7,234 
457,021 
58,998 
70,954 
16,459 


3,810.130 
21,77 


6]109,782°6 


105, 471-0 


e 626°0 
1,687°0 
é 84:0 


0 
0 
6771 


118,500 


$70,096,021 
21,049,730 
58,742 
9,277,351 
525,084 


e 75,000 
e 125,000 
2,225,000 
e 953,100 
2,300,000 

125,000 
2,238,040 

557,532 
1,655,088 

860,616 

40,540 
1,016,838 


5 
23,963,016 
8.000 
70,580 
7,751 
58,810 


72,961,501 
416,000 
1,127,170 
55,830 
102,327 
228, 622 
111,918 


230,850 
5,650,000 
149,527 
9,446,624 
1,116,129 
1,466,690 
340,200 


08,755,372 
e 450,000 


3,781,310! 
1,350,176 
2°400) 
455,204 
38,703) 


2,112 
7,256) 
127, 820, 
43,541 


348,760 
33,865 
79,354 

2°701 
36,284 
33,471 
8,475 


19,873 
208,031 
26,609 
512,710 
68,485 
87,882 
17,048 


3,568,279 
21,771 


Kilo- 
grams. 


117,604°6 
41,992°4 
74°6 
14,158°3 
1,203°7 


10,846°9 
1.053°3 
2.4680 
84-0 
1,128°5 


110,978°5 
6771 


PS SWSHSIWK AA 


$78,159,677 
27,908,153 
49,608 
9,409,063 
800,000 


43,655 
e 150,000! 
2,642,060 
€ 900,000 

e 2,300,000 

200,000 
2,286,918 
559,793 
1,412,857 
1,206,249 
47,187 
1,016,838 


263, 749 


7,208,869 
700,000 
1,640,251 
55,826 

e 750,000 
691,849 

e 175,176 


410,038 
4,300,000 
550.000 
10,597,712 
1.415.598 
1,816,525 
352,382 


78,756,825 
450,000 


Fine 
Ounces. 


8,880,578 
1,183,465 
2,110 
499,725 
49, 831 


2,112) 
8,466} 
145,138 
21,771 
100,145 
12,700 
92,032) 
28,938) 
58,055} 
80,369} 
241i 
49,194 


1,253,592 
370 
2,845 
643 
9,664 


238,991 
33,865 
148.753 
2,701 
30,000 
36,284 
12,377 


21,771) 
145,138} 
43,541 
455,870 
73,952 
111,272 
é€ 18,000 


3,7 


15,139,140 


70, 808°7 7 


$812,911,388 


12,614,683 


392,331°8 


260,743,839 


12,812,792 


| $80,218,800 
24,462,222 
43.613 
10,329,316 
e 1,030,000 


43,655 
e 175,000 


4,514-0| e 3,000,000 


6771 
3,114-7 
394-9 
2,862°3 


e 900°0) 


e 450,000 
e 2,070,000 
e 262,500 
1,902,301 
598,140 


1,805°6) e 1,200,000 
2,499°6} 
e 75°0) 

e 1,530°0) 
i 


38,988 5 


ell 2) 

885! 
e 20°0) 
300°6) 


La arsu 
Oop 


o 

290 Ww Stoo 
HR 00 COR OD CO 09 
CONOSKR WS 


= 
Cr co 


677-1 
4,514:0) 


1.3542 
14,1782 


e 2.300°0) 


8,460°7 


559°8) 


115,947'8 
6771 


1,661.234 
49.845 
1,016,838 


47,120 
2.173.308 
134,914 
74.435 
38,215 
1,794. 420 


199, 5 


4,989,944 
e 700,000 
3,074,730 
55,826 
620,100 

e 750,000 
255,840 


e 450,000 
8,000,000 
e 900 ee 

9, 422,855 
1 "528, 580 
e 2.300.000 
372,060 


77.058, 938 
450,000 


398,507°0) 


264,840,477 


(a) Figures based on exports of ores. matte, etc., and coinage. 


ported by the Statistique de lV Industrie Minerale. 
Includes six States and 
and Philippine Islands. 


New Zealand. 
(h) Estimate furnished by Mr. George E. 


(6) Computed from exports. 


(d) Production from domestic ores. 
(g) Includes Servia, Persia, West Indies, Formosa, British New Guinea 


(e) Estimated. 


Note.—The value of gold is $20°67 per ounce, which is equivalent to $664°60 per kilogram. 


(c) As re 
(f) 


Rober ts, Director of the ‘United States Mins. 


The production of silver in the world during 1901 amounted to 174,851,391 


Troy oz., valued at $102,769,792, as compared with 180,093,364 Troy oz., 
at $110,451,012 in 1900, 


showing a decrease in production of 5,241,973 oz. 
United States continued to occupy the foremost position as a 


valued 
The 


silver-producing 


country, followed by Mexico, these two countries producing collectively 60% 
of the total output of silver in the world during 1901. The production of silver 
in Germany is derived largely from imported ores and bullion, and consequently 
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should be credited to other countries as has been done in the subjoined tables. 


PRODUCTION OF SILVER IN THE UNITED STATES. 


1898. 1899. 1900. 1901. 
(c) 
State or 
Territory. Troy Commercial] Troy \Commercial Troy Commercial Troy Commercial 
Ounces. Value. Ounces, Value. Ounces. Value. Ounces. Value. 
(a) (a) (a) (b) 

Alaska....... 150,000 $87,390 150,000) $89,370 200.000 $122,660 55,000 $32,423 
ATIZODa, ...).. 2,250,000 1,310,850} 2,000,000 1,191,600 1,750,000 1,073,275 2,995,000 1,765,558 
California... . 650,000 378,690 600,000 357,480 1,170,902 718,114 1,118,383 649,257 
Colorado..... 23,502,601 13,692,615 | 23,114,688 13,771,731 20,336,712 12,472,500 20,833,333 12,281 .250 
Idahos sissies 6,284,744 3,661,492 | 4,800,000 2,859,840 6,100,000 8,741,130 4,000,000 2.858,000 
Montana ....| 14,818,662 8,633,352 | 16,850,755! 10,039,680) 17,300,000) 10,610,090} 14,000,000 8.253,000 
Nevada...... 800,000 466,080 575,000) 342,585 1,300,000 797,290 4,000,000 2,358,000 
New Mexico. 450,000 262,170 550,000 827,690 550,000 337,315 434,300 256,020 
Oregon...... 128,326 74,763 140,000 83,412 150,000 91,995 125,000 73,686 
South Dakota 825,600 189,345 350,090) 208.530 210,000 128,793 364,130 214,655 
MOXGASS:. 3:cho35 ore 500,000 291,300 450,000 268,110 525,000 821,983 477,400 281,427 
ital sai: 8 6,570,256 8,827,773 | 7,183,107 4,279,695 9,569,183 5,868,780} 10,250,000 6,042,375 
Washington.. 275,000 160,215 800,000 78,740 800,000 183,990 350,000 £06,325 
Othersis.o<. 50,443 29,388 63,284 87,705 100,000 61,380 150,792 85,892 
Totals ...| 56,755,032} $33,065,482 | 57,126,834| $34,036,168} 59,561,797! $36,529,250] 59,653,788] $34,860,863 


(a) The average value in 1898 was 


mate furnished by Mr. George E. Roberts, Director of the United States Mint. 


SILVER PRODUCTION OF THE WORLD. 


Countries. 


America, NoRTH: 
WimibedsS bates tak acess nesses ese creel 
Canada 
IMIGKA CO! (D)inciotrseie siciele tere ereleloislote a ole 
GentralvAmerica ns Gen cscs sees 


AMERICA, SOUTH: 


INES OUT Lak? Wein AIE (Gd SRE ECR TORSO 
BOULVIG: ita ites cieteret cis hotel eee reer 
Ghiler(0) esis Beh ees OI eee 
WOOD a © com cece ie dele ees aioe call 
FU CUBGOTR SE Bei histie cvsineitieis sivas alee tid 
IROUUA (QD) raster tieireeine siento rerere 


AST Soc eae te tio Wane casas bs 
JODY CNet) Gr che Monet DOO DOLD Orso 
ram Contatiies <aciyesa th uses Moleiae ots 


GRECCO iste a. czs retave abi orecee igus Bicreioteess 


Spain eigiccs reverts cate ole beta aietnatere stale 


SUT: Seo cotinie sas ssi os e's Saviors sakes 


ASIA: 


Dutch East Indies.............. .. 
ci JES O21 Se sm See OR Pe 


MOEA] Ss isichs acces ik weoarhetasiot ce iota 


58°26c.: in 1899, 59°58c.; in 1900. 61°38c., and in 1901, 58°95c. (b) Esti- 


1900. 1901. 
Troy ee Commercial Tro Ta oora me | Commercial 
Ounces. Kilograms. Value. Ounces. Kilograms. Value. 

59,561,797) 1,852,564°4 $36,529,250) 59,658,788) f 1,855,425°6 $34,860,863 
4,468,225 138,976°2 2,740,362 5,078.318} 157,952°1 2.993.668 
55,804,420} 1,735,697°7 84,224,851; 55,152.84C) 1,715.416°0 82,512,304 
1,446,795 45,000°0 887,319 1,072,095 33,345'6 632,000 
883,561 11,9300 235,238 383,561 e 11,980°0 226,109 
10,432,685 824,490°4 6,398,366 9,329,941} e 290,191°3 5,500,000 
5,772,791 179,552°4 8,540,453 5,772,789) € 179.552°4 8,403.059 
2,800.000 87,089°0 1,717,240} 2,520,000 78,380°1 1,485,540 
81,000 251°9 49,677 84,818 * 2.63871 50.000 
6,590,955 205,000°0 4,042,433 6,655,257! e 207,000°0 8,923,274 
1,272,279 39,5720 780,289 1,272,279] 39,572 °0 750,008 
649,511 20,201°9 898,345 649.511 20,201°9 882.687 
452.208| 14,067°0 277,876 452,268) —e 14,067°0 266.612 
5,412,589 168,349°0 3,319,028 5,412,589) e 168,349°0 8,190,721 
1,011,856 31,472°0 620,571 1,011,856} e 31.472°0 596,489 
1,002,115} 31,169°0 614,597 1,002,115)  e 31,169°0 590.746 
147,895 4,600°0 90,704 147,895 e 4,600°0 37,184 
112,175} 3,489°0 68,797 112,775 e 8,489°0 66,127 
18,386 570°0 11,276 18,326) e 570°0 10.8038 
5,909,418 183,802°0 3,624,246 5,909,418 183,802°0 3,483,602 
61,955 1,927°0 37,997 61,955 e 1,927°0 86,522 
429, 28C | 13,352°0 263,233 65,363 e 2,023°0 38,531 
190,856! 50,936°0 117,048 167,000 e 5,194°2 98,447 
73,690 2,292:0 45,194 73,690 e 2,292°0 43,440 
1,895,398) 58,9530 1,162,448 1,895,398}  e 58,953°0 1,117,337 
14,063,244) 4374123 8,624,988} 10,848.420 337,420°9 6,395,144 
48,226 1,500°0} 29,577 48, 226 J lg 28,429 
180,093,364; 5,599,216°2) $110,451,012) 174,851,391 5,438,448-2 $102,769,792 


(a) Statistics compiled from exports and coinage. (6) Exports of silver in all forms. (c) Silver produced 


from domestic ores only. 


(d) The output is mostly from China and Persia. 


furnished by Mr. George A. Roberts, Director of the United States Mint. 


Norr.—Unless specified to the contrary, the statistics have been taken from officia] sources or have been 
collected directly from the producers by Tae Mrnerar. Inpustry. The average commercial value of silver for 
1900 was 61°33c. per ounce, which is equivaient to $19°718 per kilogram. The value for 1901 was 58°95c. per 
ounce, equivalent to $18°953 per kilogram. 


(e) 


Estimated. 


(f) Estimate 
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||| tg ssto00,ho0 


THE WoRLD’S PRODUCTION OF GOLD. 


From the year 1875 until 1899 the annual production of gold in the world 
increased from 173,904 kg., valued at $115,576,598 to 468,695 kg., valued at 
$311,505,947, a gain of more than 170%. During this period there was but 
little change in the annual output, the totals ranging between the largest record 
of 185,847 kg. ($123,513,916) for 1878, and the smallest record of 144,727 kg. 
($95,185,564) in 1883. From 1890 when the production amounted to 181,256 kg. 
($119,600,000) the growth has been very rapid, owing chiefly to the application of 
the cyanide process in treating refractory ores and tailings, the development of 
the South African fields and the discovery of new gold fields in Alaska. 
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1875 1 1885 1890 1895 1900 1901 
Ounces 
60,000, 
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TE WOoRLD’S PRODUCTION OF SILVER. 


PRICES OF SILVER. 


The average prices of silver in New York and London, as computed by The 
Engineering and Mining Journal, are shown in the subjoined table. The higher 
average in 1900 was due to the demand for coinage in the Hast and extensive 


use in the arts. 


1899. 1900 1901. 1899. 1900. 1901 
Month ele cle ae Month % of ¢ 
. | On q On d On . d ould on d Ou 
Ssire|ss)ma| ss | ra Sslme|Ss|hal| ss | ha 
28 |8O| 88) ES | 88 | 50 ee leS| 22/25/28 | 28 
Rale Z, We 7, Qh , ae y, alas) z, Qe z, 
January........ 27-42) 59°36) 27°30) 59°30) 28°97) 62°82 AUGUSb eis occ. 97-62) 60°00) 28°18) 61°14) 26°94 58°37 
February......- 27°44) 59:42) 27°49| 59°76) 28°13) 61°06 September .....| 27°15 58°89) 28°85) 62°63 26°95) 58°26 
March ..... aiblorete 27°48) 59°64] 27°59] 59°81] 27°04} 60°63 October ........ 26°70) 57°98] 29°58) 63°83] 26°62 57°59 
APTI oi.ccaciee ss 27°65) 60°19] 27°41| 59°59] 27°30) 59°29 November...... 27-02) 58°67| 27°66) 64°04) 26°12 56°64 
MY aslo ccsiveisle sats 28:15) 61°23] 27°56] 59°96] 27°43) 59°64 December ...... 27-21) 58°99} 29°68} 64°14) 25°46 55°10 
Tie es 97-77 60°43] 27°81] 60°42] 29°42) 59°57 
ULV ecKe «Sines: e oles 27-711 60°26) 28°23) 61°25) 26°96) 58°46 VGA castes 27-44) 59°58) 28°17) 61°33) 27°11 58°95 
) 


Norsz.—The New York prices are per fine ounce; the London quotations are per standard ounce, which 
is 0°925 fine. 


THE MINERAL INDUSTRY. 


GOLD AND SILVER MINING IN THE UNITED STATES pURING 1901. 


The production of gold and silver for the years 1901 and 1900 may be obtained 
from the detailed tables in the early part of this section. 

Alaska.—(By William M. Brewer.)—Since the discovery of gold in the Klon- 
dike, the attention of prospectors has been directed to the numerous islands of 
Alaska and to the coast line from Portland Canal to Behring Sea. From Ketchi- 
kan as the central point, exploring parties have followed the coast lines and 
penetrated into the interior of Prince of Wales, Revillagigedo, and the smaller 
islands in search of ore deposits. As a result of this search deposits of auriferous 
quartz have been found at Hollis at the head of Cassau Bay and on Karta Bay, 
Prince of Wales Island, also on Thorne Arm in Revillagigedo. At the latter 
locality the quartz occurs in a belt of schistose rock, which apparently occupies an 
extensive zone in southeastern Alaska. Extensive mining operations have been 
conducted for some years at Berner’s Bay on the mainland, northwest from Port 
Wrangel. In the Porcupine district, inland from Pyramid Harbor, placer gold 
was discovered in 1899, and the deposits have been worked since that date. There 
seems to be a good future for the mining industry in the southeastern portion of 
Alaska, as this part of the territory has the special advantages of mildness of 
climate, cheap transportation and low cost of fuel and supplies. 

Nome District.—During 1901 mining was much handicapped by litigation over 
claim titles, as well as by the shortness of the working season, which was fully 
two months late, and closed at the usual time in the fall. Drilling operations on 
the tundra which were commenced in 1900 continued throughout 1901, and re- 
sulted in the discovery that a large part, if not all, of the gravel underlying the 
tundra will pay to work. The tundra, or moss, is about 8 ft. deep, and between 
the tundra and bed-rock is a layer of gravel from: 40 to 80 ft. deep which bears 
gold in quantities varying from a few cents to $12°50 per cu. yd. After bed-rock 
is reached it is estimated that by using a 6 to 8-H.P. boiler for thawing, with 4 
gangs of 3 men each, the average cost per cu. yd., including coal, will be $8°50. 
A New York company pursued investigations with a Keystone boring drill during 
the entire season, winter as well as summer, and found that the gravel was not 
frozen below the tundra, that the tundra itself could be used for fuel, and that 
the values ranged from $3°64 to $1241 per cu. yd. The bench claims of Anvil 
creek proved even richer than the creek claims: Dry, Extra Dry, Bourbon, Dexter, 
Buster, Mountain, Rock, Specimen, Nikola, and Snow were large producers, 
while smaller creeks are rapidly becoming payers. Three bench claims on Glacier 
creek have discovered the old channel on their property, and are very rich. Owing 
to their inland position, and the frozen condition of the country, the Koogrock, 
Bluestone, and Casa de Pogra districts have not been developed to the point of 
rivaling Nome as had been expected. Outside of Anvil creek, Ophir creek in 
the Eldorado district, which probably has more paying claims in proportion to 
its length than any in Alaska, together with its tributaries, has produced over 
%1,000,000, despite the shortness of the season. Of the new districts Good Hope 
Bay and Candle creek are being vigorously boomed, but authentic information 
of the amount of gold obtainable is lacking. In the Solomon river country several 
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dredging plants are expected to be in operation in 1902 on the low-grade gravel 
deposits which are of immense size. The development of the deposits in the 
vicinity of Nome has been and will be much handicapped by the governmental 
policy of permitting claims to be staked by proxy. Especially in the creek claims, 
assessment work is often falsely reported as accomplished and as evidence is ob- 
literated with the spring rains, much deception is practiced; even the bench 


_claims are not free from suspicion. But as relocation involves a lawsuit, several 


years will elapse before all the older deposits are thoroughly explored. 

Juneau and Other Districts——The Alaska Treadwell Gold Mining Co. mined 
and treated 457,802 tons of ore for a yield of $559,126 ($1:22 per ton) in free 
gold and $301,611 (66c. per ton) in sulphurets, a total of $860,737 or $1°88 per 
ton. In addition there were on hand at the close of the year 845 tons of sulphurets 
valued at $35,422, which brought the total gold production up to $896,159 or 
$1:96 per ton as compared with $1,153,368 or $2:07 per ton in the preceding year. 
The total working costs were $483,319 ($1°0557 per ton) and the construction 
expenses amounted to $62,649 (13°69c. per ton), while the net profits were 
$352,559 (77:0le. per ton). Dividends amounting to $300,000 or 6% on the 
capital stock were paid and the remainder of the profits carried over on the surplus 
account. The estimated amount of ore in sight and available for the mill on May 
15, 1901, was 3,917,589 tons. The Alaska United Gold Mining Co., owning 
the Ready Bullion (120 stamps) and the 700-Foot (100 stamps) mines adjoining 
the Alaska Treadwell on Douglas Island, reports for the year ending December 
31, 1901, as follows: the Ready Bullion milled 171,642 tons of ore averaging 
$2°01 per ton in value for a yield in gold of $1-3096 per ton free, and $0°6326 per 
ton in sulphurets. Total costs including construction account was $1°8574, leav- 
ing a net profit of $0-0848 per ton. The 700-Foot mine stamped 89,840 tons of 
ore averaging $2°21 per ton for a yield in gold of $1:0105 per ton free, and $0-4849 
per ton in sulphurets. Total cost, including construction account, was $1°9738 
per ton, produced at a net loss of $0°4785 per ton. The total receipts for bullion 
from both mines was $465,184; total operating expenses, including interest and 
coal shortage, was $504,649, showing a net loss of $39,465 for the year. The 
amount of ore blocked out in both mines at the close of the year was 527,604 tons. 
The Rodman Bay mines on Baranoff Island, 60 miles from Sitka, are being de- 
veloped by an English company. An 8-mile railway and a 150-stamp mill, which 
will be completed in 1902, will enable the company to work profitably its immense 
low-grade gold deposits. The ore ranges from $3 to $4 per ton in gold. The 
Clympia Mining Co., on Woewadski Island (near Wrangel) during the year oper- 
ated a 20-stamp mill on ore yielding $7°50 per ton. The Yellow Jacket Co., own- 
ing four quartz claims on Windham Bay, completed a wagon road 1°5 miles long 
to its property, and has a 10-stamp mill en route. 

Alabama.—There was a small production of gold in 1901 which came from 
the mines in the Arbacoochee district of Cleburne and Randolph counties. 

Arizona.—There was considerable activity in Yavapai County, especially 
about Wickenburg and Congress and in the region east of Prescott. An im- 
portant development has been the construction of the Poland-Lynx Creek tun- 
nel which when completed will give imiproved transportation facilities to the 
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Lynx Creek district and will also form an outlet for the Poland-Hamilton 
mines. The workings of the Congress mine have reached 3,250 ft. in depth, 
but the output is still well maintained. The Mud Hole mine, which is operated 
by the Penn Mining Co., has increased its plant to 120 tons daily capacity. 
Some good strikes were reported in the Chloride district which gave increased 
impetus to development operations. Tombstone may once more be an im- 
portant mining center, as the consolidation of the mines will facilitate their 
development on a larger scale. There was considerable activity shown in pros- 
pecting in Cohise and Pima counties and numerous deposits are being de- 
veloped some of which carry gold and copper. The Rio Del Monte mine near 
Ilarqua Hala has commenced the erection of an 80-stamp mill, and a large 
cyanide plant is in process of construction at Gold Basin. With the renewed in- 
terest that is shown in the mining industry, it seems probable that the Territory 
will give an increased output of gold in 1902. 

California.—The gold mining industry showed some expansion despite the 
unfavorable conditions of rainfall that prevailed in 1901 as in the two preceding 
years. With a normal water supply the output would have been largely in excess 
of that of 1900, as a great many of the old mines were prepared under favorable 
circumstances to extend their operations, while the number of new producers 
would have been increased. The use of the steam dredge for working low-grade 
river gravels has proved a success in several localities, particularly on the Feather, 
American and Klamath rivers and the number of plants in successful operation 
is being increased. Large tracts of land have been purchased around Oroville 
and other points where the conditions are favorable for this class of work. 
In Butte County alone there were 12 companies engaged in active opera- 
tions during 1901, while the total for the State was 25 companies with 26 dredges 
constructed and eight to be built. The actual capital invested in the industry 
is said to be not far from $2,500,000. The types of dredges used include the 
Risdon, Eucyrus, Urie, and Marion. Hydraulic mining was carried on in the 
drainage basin of the San Joaquin and Sacramento rivers, but the center of this 
industry has been transferred to the northern part of the State, where the laws 
are not so rigorous in regard to the impounding of tailings. The conditions here 
are very favorable for hydraulicking, enabling low-grade gravels to be worked at a 
profit. One company operated during the year 1900 at the phenomenally low cost 
of 2°2c. per cu. yd. 

Colorado.—This State which for several years has occupied first place in the 
output of gold, produced 1,339,112 oz., valued at $27,679,445 in 1901 against 
1,391,486 oz. and $28,762,036 in the preceding year. The output of silver 
amounted to 18,492,563 oz. against 20,336,712 oz. in 1900. Teller County con- 
‘tinued far in the lead as a gold producer, while Lake, San Miguel, Gilpin, and 
Ouray counties followed in the order named. The Cripple Creek district of 
Teller County increased its tonnage of ore shipped but the value of the product 
was somewhat less The smaller mines in this district did not contribute as much 
as usual to the total, while some of the large producers were hampered in their 
operations by water, and the necessity of giving increased attention to develop- 
ment work. Stratton’s Independence, Ltd., from November 28, 1900 to Septem- 
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ber 20, 1901 produced 66,199 tons of shipping ore with a gross value of $2,506,- 
862, from which a profit of $1,067,000 was realized. These totals were in excess of 
the estimates made by Mr. John Hayes Hammond, under whose direction a large 
amount of development work was carried on, resulting in an increase of ore 
reserves and important economies in working costs. The main shaft was sunk 
400 ft., while 7,288 ft. of drifts and cross-cuts were run, the total expense of the 
development work being $213,740. No payable ore bodies were found below the 
1,150-ft. level, but it was deemed advisable to prosecute the work inasmuch as 
some of the neighboring properties have shown zones of pay ore succeeding poor 
ones in depth. The Portland Gold Mining Co. reported a production during the 
calendar year 1901 of $2,408,413, from which a profit of $1,760,939 was earned. 
Other mines which were active and important producers during the year were 
the Gold Coin, Elkton, Doctor-Jack-Pot, and Gold King. It is thought that 
the lower rate of treatment charges on low-grade ores that was conceded by the 
mills and the reduction of freight charges by the railroads will react favorably 
upon the output in 1902. In the Leadville district, the year’s operation resulted 
in the extension of the gold producing territory. The Smuggler-Union Mining 
Co. in San Miguel County was handicapped by a strike of the union workmen 
which lasted from May 1 to July 7, and by the destruction by fire of buildings 
at the Bullion tunnel. Important improvements were undertaken, including 
the construction of a cyanide plant of 400 tons daily capacity and the rebuilding 
and enlargement of one of the two mills at Pandora. The company shipped 
23,799 oz. bullion to the mint and 10,792 tons of ore and concentrates to the 
cmelters. The holdings of the Tomboy Gold Mines, Ltd., were increased by the 
purchase of claims carrying the Argentine claim, and it is proposed to build a 
new mill and make other improvements during 1902. For the year ending June 
30, 1901, the company’s report showed an output of $649,281 bullion from which 
after paying all charges a profit of $218,585 was realized. The new chlorination 
mill now building for the Portland Co., at Cripple Creek, is expected to be in 
operation before the middle of 1902. The mill will contain heavier crushing 
machinery than usual, three 60-ft. diameter Pearce turret furnaces—the largest 
ever built—and twelve 10-ton chlorination barrels; all buildings are steel con- 
struction, and the capacity of the plant will range from 450 to 500 tons per day. 
A consolidation of eight mining companies of Cripple Creek along the line of 
the United Mines tunnel (now 9,462 ft. in length) has been effected by the Woods 
Investment Co. The new company is capitalized at $5,000,000, divided into 
$1 shares. 

Georgia.—The Dahlonega Consolidated Gold Mining Co. has employed about 
100 men at its mine and mill on the Hand property during 1901. Considerable 
shafting and drifting was done during the year, resulting, according to repoft, 
in the blocking out of considerable bodies of ore ranging from $8 to $12 per ton 
in gold. Neither the plates nor the concentrators seemed to catch the fine gold, 
the recoveries from ore of $10 per ton ranging from $2 to $3, and after success- 
ful experiments the company began the erection of a Hicks barrel process plant. 
Early in 1902 the Dahlonega Gold Mining & Milling Co., of Chicago, IIL, 
capitalized at $2,500,000, was organized to operate placers and quartz veins on 
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its 710-acre tract. The company proposes to build a 00-stamp mill. In May, 
1901, announcement was made of the organization of the Georgia Dredging Co., 
capitalized at $500,000, for the purpose of operating gold dredges on the Etowah 
river. Several dredging companies were in successful operation on the Chestatee 
river during 1901. Experiments were made with a suction pump to work such 
river bottoms as are filled with jagged rock, and also the saving of the black 
sands said to contain from $20 to $100 per ton in value was attempted. The 
Columbia Gold Mining Co., of McDuffie County, milled 1,146 tons of ore during 
1901 for a yield of $7,272. 

Idaho.—The gold mining industry was fairly successful in this State during 
1901 and the output showed a moderate increase to which both alluvial and quartz 
mining contributed. The finding of gold at Thunder Mountain, near the central 
part of the State, created considerable excitement, but as the discovery was made 
late in the year, no extensive developments were possible, and the value of the 
ore bodies is still unproved. According to the best authenticated reports, there 
is a large mass of low grade material which contains some good pay streaks. 
The values are disseminated through the rock, apparently forming no well defined 
lodes. At the De Lamar mine, work on the tunnel was suspended about the 
middle of the year, but prospecting was continued by diamond drill which located 
a small ore body that still awaits exploration. As the end of the ore reserves had 
been practically reached, the operations during the year were of limited character. 
Dredging on Snake river has become an established industry. The Sweetser- 
Burroughs Mining Co. has two boats in operation near Minidoka, one of which 
was built in 1894 and the other in 1899. According to Robert Bell (The Engi- 
neering and Mining Journal, February 15, 1902) the cost of handling the river 
gravel ranges from 4°5c. with the suction dredge to 5°5c. with the chain elevator 
bucket type. The method employed in saving the gold consists in discharging 
the gravel onto a stationary sluice from which it passes to two stationary sluices 
with perforated steel bottoms with 0°125-in. holes. The coarse materials from the 
screens is carried on a rubber belt to the stem of the boat, where it passes into 
the river. The fine material is discharged into a distributing box which feeds 
it evenly to a set of burlap tables which discharge over the side of the boat. The 
burlaps are taken up at intervals of six or eight hours and washed in a wooden 
tank, from which the accumulated gold and black sand concentrates are elevated 
automatically to the amalgamating room, where the gold is amalgamated and re- 
torted. 

Montana.—The Fergus Co. mines produced actively during the year and sev- 
eral new plants were erected. Large cyanide plants were erected in Lewis and 
Clarke counties, as described elsewhere in this volume under the caption “Review 
of. Progress of Cyanide Industry during 1901.” A number of small stamp mills 
were erected and put into operation in Madison County. In Granite County a 
600-ton concentrator equipped with Briickner chloridizing roasters, and pan- 
amalgamation plant, the whole to be operated by electricity, was completed during 
the latter part of the year. The report of the Montana Mining Co., Ltd., for 
the year ending. December 31, 1901, shows a total of 25,122 tong of ore treated 
for a yield of $122,131, at a cost for mining, milling, and prospecting of $231,555, 
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the operation for the year resulting in a loss of $109,424. During the year 
96,303 tons of tailings were treated for a yield of $247,560 in gold and silver, 
at a cost of treatment and handling of $102,117, resulting in a profit of 
$145,443. Deducting the loss in stamping, the profit for the year was $36,019. 
No dividends were declared, but the Lucky Girl group of mines, at Edgemont, 
Ney., was purchased at a cost for mines and equipment of $158,690, which was 
paid for from accumulated surplus. A large cyanide plant will be erected on the 
property. The most important purchase of mining property during the year took 
place in September, when the Boss Tweed and Clipper group of mines at Pony, 
Madison County, was bought by A. C. Burrage, of Boston, for $600,000; a 100- 
stamp mill is in course of erection on the property which has an immense tonnage 
of low-grade gold ore having a width of 90 ft. 

Nevada.—tThe development of the Tonapah Lake district, in Nye County, by 
a system of small leaseholds has proved a bonanza for the lessees. Their ship- 
ments for the year aggregated $1,000,000 of ore averaging $187 per ton, and 
seme 30,000 tons of ore worth $125 per ton remain on the dumps awaiting ship- 
ment. The ore is very siliceous, and for smelting requires the addition of 1:25 
tons of iron, copper, or lead ore, to 1 ton of Tonapah ore. The ratio of gold 
to silver in the ore is approximately 1 to 2. Test runs made in stamp mills on 
the Carson river claim a saving of 88°5% of the gold and silver values. The 
company owning the mine has cancelled the leaseholds and proposes to have a 
20-stamp mill in operation early in 1902. It is estimated that the Tonapah Min- 
ing Co. of Nevada, which purchased the mines early in 1901 for $336,000, has re- 
ceived during the year, its entire purchase price in royalties. The 100 lessees have 
blocked out large bodies of ore which they were unable to remove. Transporta- 
tion facilities are lacking, ore and supplies must be hauled by wagon, and for a 
long time water was sold for $1 per barrel. Springs are being piped to the 
camp of 1,200 inhabitants which has sprung up during the year, and wells have 
been sunk with the result that water is now available. At Ely, in White Pine 
County, the Chainman Mining & Electric Co. has completed a 150-ton wet crush- 
ing cyanide plant, containing the following machinery: Gyratory crusher, ‘1 set 
roughing rolls, 2 Chilean mills, 400 ft. amalgam-plates, 8 Cammett concentrators, 
4 settling tanks 26 ft. square, 8 leaching tanks 28 ft. square, 2 vacuum pumps, 
2 solution pumps, 2 filter presses, and 1 air-compressor. The De Lamar zinc- 
dust precipitation process is provided for and a complete refinery installed. The 
daily capacity of the mill is 225 tons of slimes. The plant is equipped to run by 
electricity from Ely, two miles distant. It is said that the ore yields $2°50 to 
amalgamation, 1 ton of $100 concentrates from 100 tons of ore, and the balance 
to the cyanide. 

North Carolina—(By Joseph Hyde Pratt.)—There are at present about 15 
mines in operation located in Cabarrus, Mecklenburg, Stanly, Montgomery, Burke 
and Rowan counties. The principal developments have been confined to the vicin- 
ity of Gold Hill, Rowan County, about 14 miles 8.E. of Salisbury. The region is 
made up of chlorite and argillaceous schists which are cut by diabase dikes and 
enclose bands of schists impregnated with auriferous pyrite and quartz veins and 
stringers. The Whitney Reduction Co, has been developing its property for 
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two years. Its property embraces 30,000 acres of mineral, farming, and river 
lands. Three shafts, one of which is 600 ft. deep, have been sunk, and a 10-stamp 
mill and chlorination plant have been making test runs for a year. The pro- 
posed power dam on the Yadkin river, 14 miles distant, will be erected in two 
years’ time, and the company will then erect a 100-stamp mill. The Gold Hill Co. 
has erected a 20-stamp mill and made all preparations to treat the large body of 
ore blocked out in the old Randolph mine. Among the other producers of gold in 
1901, are the Parker mine in Stanly County, the Champion mine in Mecklenburg 
County, and the Martha and Mills mines in Butke County. 

Oregon.—The gold yield for 1901 from the mines in the vicinity of Sumpter, 
Baker County, is estimated at over $3,000,000. The ore is quartz carrying con- 
siderable pyrites, but is easily mined and milled, and the cyanide process saves 
a large per cent. of the gold. One of the most promising new properties is the 
Oregon King, directly south of the North Pole, and Golconda, two of the largest 
producers in the district. The Oregon King will erect a 10-stamp mill and cya- 
nide plant for the tailings, besides putting in a giant to work their placer ground. 
The Old Channel Co., in Josephine County, has widened its 12-mile ditch to 
a capacity of 5,000 miners’ inches, and with four giants has reduced the cost of 
handling gravel to 2°5ce. per cu. yd. The Stirling Co., on Forest creek, gets its 
water to operate two giants for 9 months in the year, from a 25-mile ditch carry- 
ing 2,500 in. of water from Glade Fork. The gold is found in a red clay gravel 
deposit. : 

South Carolina.—(By Joseph Hyde Pratt.)—The chief source of the gold pro- 
duced in this State is the Haile mine in Lancaster County about three miles N.E. 
of Kershaw. A 60-stamp mill, 20 concentrators and a chlorination plant are in 
operation, and the mine is well developed. The ore bodies are lenticular in shape 
and carry both free gold and auriferous pyrite. At Abbeville somewhat similar 
ore bodies are being worked by the Kendricks Gold Mining Co. 

South Dakota.—The principal feature of the mining industry in the Black 
Hills was the starting up of a number of new cyanide plants for treating low- 
grade refractory ores and mill tailings. The increment of production from these 
sources cannot be ascertained with any degree of accuracy, but doubtless it was 
considerable. One of the largest plants having a capacity of 1,200 tons per day 
was put in operation by the Homestake Mining Co. and proved a financial success 
from the beginning, as did the smaller plant of the Fortland Co. For details 
relative to the cyanide process as used in the Black Hills the reader is referred 
to the review of this subject by Charles H. Fulton on page 339 elsewhere in 
this volume. Construction work was started late in the year on a new smelter 
at Rapid City which will have a daily capacity of 500 tons. The report of the 
Homestake Co. for the year ending June 30, 1901, showed a return of $3,569,205 
in bullion, or $3°82 per ton of ore; which was: 20c. less per ton than in the pre- 
ceding year. The total expenses were $3,296,517, leaving a balance of $421,566 
after including receipts of $48,305 for concentrates sold, $2,772 for siliceous ore 
and $78,851 from other sources. The dividend distribution during the fiscal year 
was $1,260,000. Dr. ©. C. O’Harra, in a paper read before the International 
Congress, at Boise, Idaho, July, 1901, classifies the gold deposits of the Black 
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Hills into (1) Recent placers. (2) Cambrian cement or conglomerate. (3) 
Auriferous quartz veins, in the Algonkian slates. (4) Impregnated zones in the 
Algonkian schists and slates and (5) siliceous ores of the Siluro-Cambrian and 
Carboniferous series. Of these classes, one and two have been practically ex- 
hausted, class three is now receiving much attention, the ores being found ave. 
from Deadwood around Bald Mountain and of lesser extent in the galena district, 
SE. from Deadwood. The ore veins occur in extended lenticular masses running 
north and south and of a thickness up to 15 ft., a width up to 200 ft., and often 
more than a mile in length. Narrow vertical fissures filled with ore continually 
follow the general trend of the flat ore bodies and frequently extend into the over- 
lying shales and the underlying quartzite. The chief horizon is just above the 
quartzite near the bottom of the Cambrian series. The value of the Siluro- 
Cambrian ores ranges to $60 or more in gold and some silver, averaging in total 
value from $15 to $20. Ore less than $10 is generally not worked. The annual 
production of gold in the Black Hills has continually increased during the past 
few years, owing to two causes: first, the increased development of the siliceous 
ores both in the Siluro-Cambrian, the most extensively worked, and in the Car- 
boniferous, the most recently discovered, through the development of the cyanide 
process for treating the ores; and second, by the considerable enlargement 
of the Homestake plant, now the largest cyanide plant in the district operating 
on the tailings formerly allowed to waste. The silver output remains uniform, 
being approximately $100,000 for the year. The chief localities are those of 
Carbonate, Galena and Spokane, carbonates, chlorides and sulphides are the chief 
ores. 

Tennessee.—The placer deposits of Coker creek, Monroe County, were operated 
by four or five companies with some success. One company has done some ex- 
ploration work on quartz veins carrying free gold, but the ore has not been 
treated on a commercial scale. . 

Utah.—The Consolidated Mercur mill treated 282,000 tons of ore, shipped 
72,222 oz. gold during the year, and employed an average of 520 men in mine and 
mill. In Piute County, the Annie Laurie mine on Gold Mountain produced for 
its owners, the Western Exploration Co., $401,391, about 20% of which was 
silver and the balance gold. The cyanide mill treats about 150 tons of ore per 
day, and 125 men are employed in mine and mill. The Ophir Co., in the State- 
line district, Iron County, completed its 100-ton mill to treat ore by the Russell 
process. The mill is equipped with a Gates rotary crusher, a revolving dryer, 
two 14X26-in. Gates rolls, one 15X36-in. roll, 4 revolving screens, and 2 White 
& Howell roasters. The engine-room contains a 150-H.P. Corliss engine, a 10- 
drill air compressor, and an engine for the dynamo which lights the mine and 
mill; two 80-H.P. boilers furnish steam. The mill was not finished until late 
in the year, and results are not obtainable. The report of the Horn Silver Mining 
Co. shows a total shipment of 8,464 tons of ore and 2,766 tons of concentrates 
during 1901, from which was derived a net revenue of $206,227. Dividends 
amounting to $72,000 were paid and $87,448 carried forward. ‘The ores con- 
tained 3,204 net tons lead, 577,578 lb. copper, 277,382 oz. silver, and 504 oz. 
gold, besides a large percentage of zinc. Water shortage during the year greatly 
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hampered the working of both mine and mill. During 1901 the Daly-West 
Mining Co. milled 57,773 dry tons of ore and 8,798 tons of tailings, producing 
12,926 dry tons of concentrates which sold for $409,591. Shipments of 18,418 
dry tons of crude ore, and 733 tons of oxides, realized $694,221, and $9,417, 
respectively, making the total receipts from ore sales $1,113,229. The net revenue 
amounted to $892,489, from which dividends of $607,500 were paid, and $13,846 
expended in mine and mill construction, with cash carried forward, $271,143. 
The total metal content of the ores were copper, 1,326,448 lb.; lead, 7,793 tons ; 
zinc, 5,466 tons; gold, 1,607 oz.; and silver, 1,755,454 oz. The Utah Consolidated 
Gold Mines, Ltd., which owns the Highland Boy mine, reports for the latter a 
production for the year of 13,983 oz. gold and 176,331 oz. silver from 167,947 
tons of ore treated at the company’s smelting and Bessemerizing plant. Besides 
this amount of ore, 1,651 tons of matte was converted for the Bingham Co., from 
which was produced 2,931 oz. gold, and 100,068 oz. silver. The total receipts for 
the year were $1,944,594 and the total expenses were $1,312,110, leaving a balance 
of $632,484, from which dividends amounting to $615,975 were paid. In 1901 
the Quincy Mining Co. produced from 39,209,925 Ib. of dry ore, 984,169 Ib. 
copper, 9,826,007 lb. lead, 1,650,738 oz. silver, and 1,568°4 oz. gold. On April 1, 
1902, the Quincy Mining Co. sold its property to the Daly-West Mining Co. 

Virgima.—The output of gold in 1901 was limited to the placer deposits in 
Floyd County and amounted to about $550. Some development work was done 
on the John’s Creek mine in Grayson County and on the Herd mine in Patrick 
County. 

Washington.—The production of gold in the State of Washington has been 
very much restricted for the year, owing to the complete stoppage of operations 
in the Republic district. The Republic Consolidated Gold Mining Co. suspended 
operations in June, due to the complicated financial outlook as well as the 
apparent failure of its veins with depth. The Republic Power & Cyaniding Co. 
shut down in July owing to insufficient ore supply. While this mill was success- 
ful, both metallurgically and financially when running full, operations on a 
reduced scale were not profitable. A detailed description of the working of this 
plant will be found elsewhere in this volume under the caption “Review of 
Progress of the Cyanide Process during 1901.” In King County, the Seattle 
Smelting & Refining Co. has erected a plant for refining silver and gold, particu- 
larly Alaska gold dust. The works are at Interbay, Seattle. The California 
mine of Ferry Co., Republic mining district, made some shipments to the 
Granby smelter, at Grand Forks, B. C. The ores assay very high in gold and 
carry some silver and copper. The Silverton mining district of Snohomish 
Co., developed some activity with the re-building of the Everett & Mbnte 
Cristo Railroad, which was washed out and practically destroyed in 1897. De- 
velopment and assessment work progressed steadily if slowly. The Forty-five mine 
repaired its 2-5 mile overhead tramway to the railroad. The ore is largely 
galena, pyrite, and ruby silver in slate. In past years 800 tons of sorted ore have 
heen shipped, but without much profit. . 

Wyoming.—Gold mining has not materially changed during the year. Early 
last spring there was great activity in the Sweetwater district and several old 


GOLD AND SILVER MINING. 303 


properties were opened and considerable ore taken out and crushed. This ac- 
tivity almost ceased with the approach of winter. As usual the Carissa mine 
was the largest producer. In other localities considerable prospecting was done 
with indifferent results. In the Medicine Bow Mountains some of the old pro- 
ducers changed hands and new companies expect to commence work during the 
coming year. The gold production of the State has not increased over the pre- 
vious year. 


GoLtp AND SInverR MINING IN ForEIGN CoUNTRIES DURING 1901. 


Nortu Amwerica.—Canada.—The larger part of the output of gold in Canada 
in 1901 came from Yukon territory. According to William T. Robertson, 
Provincial Mineralogist, the production of British Columbia in 1901 was divided 
as follows: Placer gold, $970,100; lode gold, $4,343,603 ; a total of $5,313,703, 
against $4,732,105 in 1900. The Ontario mines yielded in 1901, $244,443 in gold, 
while in Nova Scotia the production in 1901 was $604,500. 

British Columbia.—(By W. M. Brewer.)—The occurrences of free-milling gold 
ores so far discovered in the Province, have been confined to the Ymir district, 
near Nelson, Camp McKinney, the Lillooet district near the Fraser river north 
from the Canadian Pacific railroad, and the Atlin district in the northwestern 
portion of the Province. It appears somewhat remarkable that notwithstanding 
the large quantities of placer gold mined from the Fraser river, Granite creek, 
Thompson river, the Omenica and Cassiar countries in the northern portion of the 
Province, the discoveries of free-milling gold-bearing quartz have been so few. It 
is noticeable that a straight line drawn on the map from Granite creek, in the 
Similkameen country to Douglas Island, Alaska, approximates very closely to the 
trend of the geological formation or country rock, and that from every prospected 
stream crossed by the line placer gold has been mined. It would appear from the 
results of prospecting at various points along this line that a gold-bearing 
zone with its narrowest portion in the southern part of the Province, maintained 
continuity the entire distance. Northward of Camp McKinney and Fairview to 
the Bridge river portion of the Lillooet district, a distance of nearly 300 miles, 
very little prospecting for gold has been done, and from there to Atlin, except on 
the Skeena, Naas and Stikene rivers and their tributaries, the country is to all in- 
tents and purposes unexplored, although the tributaries of the rivers mentioned 
yielded good pay from placer mining as early as 1860. The most successful of the 
free-milling propositions has been the Ymir mines near Nelson, where an 80-stamp 
mill and a cyanide plant are in operation treating an average of about 200 tons 
of ore per day, so satisfactorily that this mine ranks among the large dividend 
payers of the Province, having paid $200,000 in dividends during the year. The 
chief feature of interest in 1901 was the cutting through of a large ore body on 
the fourth level, which is reported to carry $40 a ton in values. The prospects are 
very encouraging as to the future development of the mine. The Cariboo, Camp 
McKinney, has also paid about $300,000 in dividends, operating with a 20-stamp 
mill and concentrating tables, the concentrates being shipped to the Greenwood 
smelter by wagon road. 

The Atlin district has been seriously handicapped by the passage of the Alien 
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Act in the spring of 1899, by litigation over titles and water rights, and by short- 
age of water. However, this portion of the Province ought to show considerable 
progress during 1902, because the large hydraulic plants are all installed and the 
ground has been prospected to such an extent that operators will be enabled to 
prosecute their work vigorously. The value of the lode claims which have been 
discovered in the Atlin district is still undetermined. Some very persistent veins 
of auriferous quartz have been partially prospected on Munro Mountain and Pine 
creek, as well as on the mountains near Taku Arm. A very extensive deposit of 
low-grade gold-bearing material also occurs in the vicinity of Atlin City, where 
the magnesian country rock is traversed by innumerable veinlets of quartz, some 
of which carry quite high values in free gold. As much of the country rock itself 
carries values, it would appear that the gold-bearing quartz had been broken down 
by erosion and the gold becoming free, had settled into the porous portions of the 
magnesian rock. 

Vancouver and Texada Islands, which are included in the Coast districts, have 
furnished the entire output under that head. Although several properties on 
the coast of the mainland have been developed to the point where shipments may 
be made from them during 1902, yet they made no production during 1901. The 
product from the Coast represented the output of the Lenora mine on Mount 
Sicker, Vancouver Island, and the Cornell and Marble Bay mines on Texada 
Island. The Nahmint Mining Co., owners of the Three Jays mine on the west 
coast of Vancouver Island, commenced shipping in December, 1901. This is the 
most extensively developed property in the Coast district, having been proven by 
a series of tunnels, drifts, upraises and winzes to a depth of 700 ft. below the 
summit of the outcrop. 

The Le Roi Mining Co., Ltd., in the Rossland district, reports for the fiscal 
year ending June 30, 1901, a production of 202,583 tons of ore, averaging 0°35 
oz. gold, 0°6 oz. silver per ton, and 1°33% Cu. Owing to labor troubles in the 
Northport smelter the mine was closed from July 12 to October; 1901. The 
appended table gives the production, metallic contents, and values of ores pro- 
duced from 1894 to 1901. 


OUTPUT OF TRAIL CREEK MINES FROM 1894 To 1901. 


oe Value. eer. Value. ae ae | Value. | Total Value. 


$59,568 5,857 $3.214°20 106,229 $12,738 64 

602,957 46,702 27,021 °20 $40,429 72,385 "80 
1,104,500 89,285 59,830°00 | 1,580,635 79,030: 00 
1,940,480 110,068 65,821°00 | 1,819,586 90,079°00 
1,746,861 170,804 94,539°00 | 5,232,011 629,411 -00 
2,127,482 185,818 | 105,173°00 | 5.698,889 996,431 °00 
2,306,172 167,378 97,648°00 | 2,071,865 | 335.435°00} 2,739,300°00 
283,360 132,333 2,735,828 970,460 | 543,458°00 | 8.333.446 /|1,342,518°00| 4.621,299-00 


Dawson.—The output of gold from the Yukon region in 1901 according to 
cfficial authorities was $18,000,000, a decrease of $4,275,000 from the previous 
year’s record. The exhaustion of some of the very rich deposits on Eldorado and 
Bonanza creeks was responsible for this unfavorable showing, and it seems prob- 
able that the phenomenal discoveries that were made in other parts of the district 
will soon be worked out, Whether the future will show a continued decrease of 
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production depends largely upon the progress that is made in adopting improved 
machinery and more economiéal methods of working. Cheaper transportation is 
also one of the essential requirements for the future and its importance is recog- 
nized by the Dominion Government which has recently mapped out and begun 
the construction of an extensive system of roads connecting the most important 
inining creeks with Dawson. It has been stated that the cost of transporting 
machinery from Dawson to adjacent claims frequently has exceeded by from 
three to ten times the original cost of the machinery at Vancouver. During the 
past year some improvements were made in mining methods, more particularly 
in the wider use of steam apparatus for thawing the frozen gravels, this being 
done usually by wood fires. Pulsometer pumps were tried for this purpose, and 
gave such favorable results that they will probably come into more general use. 
On Hunker creek hydraulicking has been attempted, and a single river dredge 
has been in operation on Bonanza creek. One of the most important events of 
the year was the erection of a stamp mill in the vicinity of Dawson which started 
crushing in November. It is stated that sufficient ore has been mined to keep it 
running for some time to come. 

Nova Scotia.—The production of gold during the fiscal year ending September 
30, 1901, was 30,537, against 30,399 oz. for the previous year. An unusually 
dry summer hampered operations in the field, causing some of the mills to close 
down for several weeks. The Baltimore & Nova Scotia Mining Co. purchased the 
(juffy-Jennings mine and added a new cyanide plant and a 40-stamp mill to the 
equipment. The St. Anthony mine, which is located on a vein 8 in. in width, 
produced 1,289 oz. gold from 1,281 tons of ore. 

The Brookfield Mining Co. at North Brookfield during the latter part of 1901 
sold its property to a New York syndicate. Its 800-ft. shaft is the deepest in 
Nova Scotia. The plant comprises a 20-stamp mill and a chlorination plant, and 
about 70 men are employed. The Fouquoy mine in Moose River district dis- 
covered a new ledge of ore nearly 14 ft. in width, the first 56 tons extracted 
yielded 396 oz. of smelter gold. The Waverly Gold Mining Co. operated its mine 
successfully during the year. The result of cynaniding tailings with a small 
plant in the Cariboo district is reported as a return of 330 oz. in gold from 5,495 
tons treated, with final clean-up, yielding over $2 per ton. 

The Richardson mine at Goldboro completed during 1901 a railway 10,000 ft. 
in length, connecting its wharf with the mine. The elevation from wharf to 
mine is 200 ft. and the motor is a combined traction engine and hoist of 16 H.P. 
apacity. An addition of 20 stamps to the mill brings the total to 60 stamps 
milling 120 tons of ore per day. The average yield by amalgamation is $3 per 
ton. 

Ontario.—The Sultana Gold Mining Co. in the Lake of the Woods district 
during the year operated its 20-stamp mill. The ores milled $11 in gold per 
ton. The Ontario Gold Mining & Milling Co. operated the Sakoose mine, which 
it purchased early in the year, and made shipments from it to the 20-stamp mill 
at Keewatin, which has a capacity of 50 tons per day. ‘There was a stampede of 
prospectors to the Sturgeon Lake country during the summer. The Belmont 
gold mine made regular shipments of bullion, and in October resumed work 
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on the new dam and power plant which will supply the mine with compressed air 
as power. The British-Ontario Gold Co., Ltd., organized in London during the 
latter part of the year with a capitalization of £300,000, has a 99-year lease of 
the Alice A. mine under an agreement to produce 200 tons of ore per day. The 
Canadian Goldfields made regular shipments of gold and arsenious oxide during 
the year. 

Mezxico.—The mining and metallurgical industries of Mexico are well summa- 
rized by Dr. Joseph Struthers in the Hngineering and Mining Journal, October 26, 
1901, and a detailed description of mining in most of the States appears in the 
special issue of that paper of November 30, 1901, which contains a full record of 
the visit to that country of the American Institute of Mining Engineers. Many 
individual districts have also been described in the papers of the Institute which 
were read at the meeting in Mexico in November, 1901. The production of 
gold in Mexico for 1901 amounted to 499,725 oz. valued at $10,329,316, as 
compared with 455,204 oz. valued at $9,409,063 in 1900. The output of silver 
for 1901 amounted to 55,150,624 oz. equivalent to $32,511,293, as compared with 
55,804,420 oz. ($34,269,494) in 1900. There are 11, mints in Mexico which 
receive gold and silver for coinage. The charge on silver is 4°41% and on gold 
451% of their respective values, the payment of Government dues or taxes being 
accepted in any coins in legal circulation. Heavy exportation of silver coins from: 
Mexico to the Orient caused a stringency in the money market during June and 
July, 1901, which was relieved by the importation of the fine silver from the San 
Francisco mint. Mexico has the right of way in supplying countries in the far 
Iiast with silver coinage, which is there accepted as current exchange. The 
taxes on gold and silver ore are as follows: State and Federal tax, 2°6% ; mintage 
tax, 45% ; total, 71%, based on the gross assay value, to which must be added 
a stamp tax of 0°6% of the net value. Comparing the net return on a lead- 
silver-gold ore to the Mexican miner and to the miner of the United States, the 
latter receives about double that of the former. The mines of Mexico, however, 
are far less dependent on the market price of silver than those in the United 
States. | 

Chihuahua.—The smelting plants of the Chihuahua Mining Co. and the 
Sabinal Mining & Smelting Co. were shut down during 1901 and the ores are 
sold to the American Smelting & Refining Co., as are also the ores of the 
Candelaria Mining Co., at Ciudad Juarez. The smelting plant of this last-named 
company consists of three water-jacketed lead furnaces, one reverberatory roast- 
ing furnace, and two English cupelling furnaces. The ores are now shipped to 
El Paso, Texas, in bond for treatment. Sodium hyposulphite leaching of silver 
ores is practiced largely in Parral, where the Parral Mining Co. has a 100-ton 
plant. The crushed ore is roasted with salt at a cost of $2 per ton of roasted ore, 
and is concentrated before leaching to avoid difficulty in handling the slimes. 
A double hearth reverberatory furnace is used for roasting in preference to revolv- 
ing cylinders on account of the large amount of zinc present in the ores, and sup- 
plementary cooling hearths are used to effect a secondary chlorination. At Santa 
Barbara there are three millg with a combined output of 450 tons, and a new 
installation of 350-ton capacity is being erected; in addition there are six private 
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mills in continuous operation, and a smelting plant is proposed to handle the 
daily production of 330 tons of ore which is shipped from the district. Among 
the large operators aside from the famous Batopilas mines, are the Hidalgo 
Mining Co., operating six mines and two mills with an output of 4,000 tons 
per month, and the Parral Mines Co., Ltd., operating a 400-ton concentrator. 
_The Guggenheim Exploration Co. has a 100-ton mill in operation, and a 400-ton 
mill under construction. The Parral mining district is a large silver producer, 
and that the days of bonanzas is not past is proved by the recent strike by al 
poor peon of a large body of rich silver ore at a moderate depth in the Pamilla 
mine. The district of Santa Barbara yields gold in excess of silver. 

Coahuila.—New smelters are being built which will treat the lead ores from 
the Sierra Mojada district. Formerly when no duties were collected these ores 
were hauled by teams to Escalon, and thence shipped to El Paso, Tex., or 
Argentine, Kan., but to-day as a result of the duties imposed in 1889 and 1896, 
a large part of the lead ores is treated in Mexico at the smelting works which have 
been established with American capital. That portion which is shipped to the 
United States is smelted in bond, and the resultant product sold outside of the 
country. 

Durango.—The Duscubridora copper mine, in Durango, was purchased toward 
the end of the year for $2,000,000 by an American syndicate which is also heavily 
interested in the Mexican Central Railroad. A spur line is to be built from 
Conejos to Pelayo, a distance of 36 miles, to connect the river with the main line. 
New smelters were erected and operations on a thoroughly modern basis were 
inaugurated. Among the more important gold mining companies that have been 
organized during the year are The Mexican Mining & Smelting Co., capitalized 
at $10,000,0000 to operate in Durango. This company will erect a smelter at 
Monterey. The San Fernando mines in the northwestern portion of the State 
are operated by six turbines, producing 600 H.P. from the Humaya river. The 
mill equipment comprises a Blake crusher, stamp-mill, reverberatory. roasting 
furnace, hydraulic classifiers, Wilfley concentrators, and canvas tables for the 
slimes. The smelting plant of the Compafia Minera de Pefioles, near Mapimi, 
consists of 10 specially constructed water-jacketed furnaces 36X100 in. section 
at the tuyeres. The hearth slopes to the front, and a separate bullion tap is 
provided at the side and 6 in. below the level of the slag and matte tap. ‘This 
construction is made necessary by the strongly basic ores and the large amount of 
speiss produced. 

Guanajuato.—The total production of gold and silver from the famous Veta 
Madre vein, including the Cardones district and La Luz mine, is estimated 
at a value of $1,500,000,000 Mexican. ‘The shafts of the Millado and Rayon 
mines were first opened in 1588. The patio process, which is in general use in 
the vicinity, extracts 90% of the silver, 30 to 35% of the gold, and the extraction 
occupies from three to six weeks’ time. It is now giving way to modern methods 
of milling and stamping. 

Hidalgo.—The principal mining companies at present established in Pachuca, 
are the Real del Monte and Pachucha Mining Co. (the largest one on account 
of the number of mines in operation and its important management), the Santa 
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Gertrudis, Maravillas and San Rafael mining companies. Pachuca is pre- 
eminent among Mexican mining districts because of the variety and amount of 
machinery, drainage plants, milling plants and its recently inaugurated electric 
power plants. Its drifts, excavations and cuts represent not less than 300 km. 
in length. According to a rough calculation, Pachuca since its first discovery 
has produced not less than 3,500,000 kg. of silver. 

Nuevo Leon.—The equipment of the Compafiia Minera Fundora y Afinadora, 
at Monterey, consists of 8 steel water-jacketed blast furnaces each 42120 in. 
section at the tuyeres, and 12 ft. 2 in. to feed floor; a Pearce turret roasting 
furnace, two reverberatory roasting furnaces, a liquation furnace, a 40-ton Parkes- 
process lead refinery and a Moebius electrolytic plant for parting gold and silver 
bullion. 

Sonora.—To the natives of the famous La Cienega dry placers of Sonora is due 
the introduction to American use of the gold-pan, rocker, and other primitive 
placer utensils. These famous placers have been desultorily worked for more 
than 300 years. A recent examination and sampling of these fields yielded re- 
sults averaging $1:84 gold per cu. yd., and large tracts assayed more than $3 gold 
for the same quantity. .The Calera Gold Mining Co., capitalized at ‘ 750,000, 
has recently been organized to operate in the Magdalena district. The purchasers 
of the Mulatos gold concession have expended $150,000 in improvements at the 
mines and in the erection of a 125-ton stamp mill and a 250-ton cyanide plant. 
The El Paso-Sonora Mining Co. has been incorporated with a capitalization of 
$450,000 to operate gold and silver mines in the Moctezuma mineral belt. The 
Big Mountain Mining Co., with a capitalization of $5,000,000 has been organized 
to operate the historic Las Planchas de Plata mines. 

CENTRAL AmERICA.—Costa Rica.—The exports of gold and silver from Costa 
Rica during 1901 amounted in value to $232,896. The Abengarez Gold Fields, 
Ltd., operated the Tres Amigos and Tres Hermanos mines during 1901, the 
reported production being from $8,000 to $10,000 per month. Arrangements 
were perfected by the company for increasing the original equipment of 10 to 
40 stamps. The ore is said to carry from $5 to $200 in gold and silver, of which 
907% is extracted. ‘he Union mine, near Miramar, was idle during the greater 
part of the year owing to a serious fall that necessitated the opening of new 
tunnels at lower levels. Stamp milling with amalgamation and subsequent 
chlorination of the tailings is used at this mine; the ore body averages about 
$8 in gold, but is said to be extensive. The mine in the Ciruelitas district owned 
by the Bella Vista Mining & Milling Co. was taken over by the Thayer Mining 
& Milling Co., and operations were commenced with 40 stamps. Among the 
other events of the year were the consolidation of the Sacra Familia, Los Castros, 
and Aguacate mines under the title of the Aguacate Gold Mining Oo., capitalized 
at $5,000,000, and the resumption of operations in the Porvenir mine by the 
Rio Grande Gold Mining Co. 

Honduras.—The production of gold and silver for Honduras for the fiscal 
year ending June 30, 1901, amounted to: £10,987 and £114,964, respectively. An 
increase over the previous fiscal year of £1,985 for gold, and £50,830 for silver. 
The annual report of the New York & Honduras Rosario Gold Mining Co. for 
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the fiscal year ending November 30, 1901, says that dividends amounting to $300,- 
000 (20% on the capital stock of the company ) have been paid, which makes the 
total dividends to date $1,695,000. The high-grade ore in sight in the mines 
is estimated at 33,500 tons. The development of the mining industry of this 
country has been very largely restricted to points easily accessible from the 
coast, due to the lack of railway facilities, which in great measure resulted from 
international controversy over the title to the railway concession financed in 
England some years ago. Aside from the well-established Rosario Mining Co., 
which produced practically the entire export of bar silver in 1901, other com- 
panies have recently met with some success, notably the Aramecina Gold & Silver 
Mining Co., Ltd., of London, which has found very good ore deposits and ex- 
ported gold in considerable quantity. The mine is situated near the Pacific coast 
and the San Salvador frontier. Not far from it the El Transcito mine produces 
large quantities of low-grade gold ores, which are treated by the cyanide process. 
KE. N. Burke, of Puerto Cortez, Honduras, controls the largest placers in Olancho, 
and on April 9, 1900, a contract with the Government was closed for Pennsylvania 
capitalists to establish navigation on the Ulta and Comayagua rivers, and to 
build a wagon road from the Comayagua river to the Olancho gold fields, to be 
followed in 1901 by an electric railway to open communication with the mining 
districts. 

Salvador.—The Butter’s Salvador Mining Co., recently organized with a 
capitalization of £150,000 is continuing development work in its gold and silver 
mines of the Republic. 

Nicaragua.—The occurrence of gold in parts of Nicaragua was recorded as 
far back as the 17th century, but it is only recently that there has been any 
systematic prospecting for and development of payable deposits. The auriferous 
region is situated some 200 miles from the Caribbean séa coast on the headwaters 
of the Principulca, Wanks, Was-Puk, Piz-Piz, Tunky and Wawa rivers. The geo- 
logical formations of the region, according to J. D. Lowry (Mines and Minerals, 
February, 1902) include limestones of Carboniferous age, sandstones, shales 
and igneous dikes. Quartz veins varying from a few inches to several feet in 
width are found along the contact of the intrusive rocks and the shales and some 
of them are now being exploited. From the Constancia mine which is located on 
a vein 80 ft. in width carrying $8 to $10 in gold per ton, about $150,000 has been 
taken out in the last four years. The milling equipment of this mine consists of 
two arrastras. Modern stamp mills have been erected at the Bonanza and Sempre 
Vivre mines and more will be set up in the near future. The placer deposits are 
limited in extent, but they sometimes hold rich pockets; a record of 200 oz. 
of gold has been made by a single rocker working one day. On the whole the 
conditions for conducting successful mining operations are fairly good; the 
Nicaraguan mining laws are liberal, labor is plentiful, and the climate, while 
humid, is not unhealthy. The country however is not supplied with adequate 
transportation facilities, and commodities of all kinds in the interior consequently 
bring high prices. Cuicuina, on the Principulea river, and Cuicuinita and Salto 
}rande are the principal mining towns. The exports of Nicaragua in 1900 in- 
cluded $310,000 in gold bullion and $400,000 of gold ore. 


. 
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Sour AMERIcA.—Bolivia.—The most prominent gold mining companies of 
Bolivia are the Cheiquiaguillo and the Caiconi companies of La Paz, and the 
North American Co., of the Province of Cerado. There are nine other companies, 
of which five are English, and four French, at Tipuani. The Tuanani mines 
are said to yield 4°82 oz. gold per ton. From official calculations based on the 
valuations of travelers such ag A. von Humboldt, it is stated the mines of Bolivia 
have produced from 1540 to 1750, $150,000,000 of gold. The second half of the 
18th century added $25,000,000 to this. It is estimated that the silver produc- 
tion of Bolivia from 1545 to 1865 amounted to $1,500,000 ; in 1895 to $13,500,000, 
and in 1899 to $6,406,712 only. The diminished output is explained by the 
depreciated price of silver. The Pulacayo mine owned by the Huanchaca Co. 
was worked during 1901 under lease, by the American Smelting & Refining Co., 
the ores being shipped to the company’s plant near Antofagasta, Chile, where 
they were smelted into base lead bullion, or, with copper ore into copper matte. 

Brazil—tThe State of Minas Geraes produces nearly all of the gold accredited 
to Brazil; alluvial deposits in other parts of the country, particularly on the 
border of French Guiana yield the remainder of the output. Most prominent 
among the mines of Minas Geraes are the Morro Velho (St. John del Rey), 
Passagem (Ouro Preto), Vieira, and Santa Guiteria, all located within the 
bounds of a small district. During the half year ending August 31, 1901, the 
Morro Velho mines produced 59,781 oz. gold bullion, equal to 45,309 fine oz. 
gold valued at $644,754. The quantity of ore crushed was 77,556 tons of an 
average yield of $8°44 per ton. The total costs amounted to $478,273 while the 
net proceeds of the half year’s operations were $182,043. This mine has had 
an eventful history, extending over a period of more than a century, and has been 
worked by the present company since 1837. The lode which dips at an angle 
of 45° measures about 600 ft. in length by 45 ft. in width. The mining methods 
and equipment are modern and well adapted to meet the unusual conditions 
encountered. Great care has to be exercised in supporting the walls of the 
mine as disastrous falls have occurred resulting in the entire destruction of the 
workings and temporary abandonment of the mine. The system of overhead 
stoping and filling in beneath now used, is successful. The Ouro Preto Gold 
Mines of Brazil report an output during the year ending June 30, 1901, of 
%8,581 oz. gold, from which £87,037 was realized. The total expenses in Brazil 
and London were £82,715, leaving a balance, after including receipts from sale 
of arsenic and from rents, ete., of £5,107. Additions to the holdings of the com- 
pany were made with the object of securing the mining rights for the deep levels 
to be opened in the future. Successful experiments were also carried out to adapt 
the cyanide process for treatment of the mil] tailings. One of the drawbacks to 
the mining industry of Brazil is the continual fluctuations in the value of the 
currency which react directly upon the costs of labor, transportation and other 
items of expense. _ 

Chile.—(By W. E. Mathewson.)—Very little silver ore was mined in Chile 
during 1901, the old bonanzas having been worked out and no new ones discovered, 
A small amalgamation plant in Iquique operated on ores from the immediate 
vicinity. The Fundicion Templeman at Antofagasta shipped a few thousand 
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ounces of bar silver smelted from native ores. The silver produced in copper 
mattes and base bullion at the Playa Blanca plant was imported from the great 
Pulacayo mine of the Huanchaca Co., of Bolivia. The Playa Blanca plant con- 
sists of 100 stamps, a blast furnace, and nine small cupelling blast furnaces. 
This plant was purchased by M. Guggenheim’s Sons, of New York, in connection 
with a contract for the output of the Pulacayo mine of the Huanchaca Co., of 
Bolivia, on lease, the idea being to smelt the lower grade Pulacayo ore with lead 
furnished by the same mine, and ship the base bullion and high-grade ore to the 
Guggenheim plant at Perth Amboy, N. J. The company began operations in 
October, 1899, and continued until December, 1901, when the plant was finally 
closed down with the exception of a small sampling and shipping agency at 
Antofagasta. While the first six months of operation were successful financially, 
the tenor of the lead in the Pulacayo ore deteriorated from 12 to 2%, and sources 
of lead supply were sought, at first from old Spanish slags from Oruro, Bolivia, 
later in lead concentrates from Australia and British Columbia. 'These importa- 
tions were found to be too expensive to smelt, and early in 1901 the silver ores 
were matted with the local copper ores, which contained about one-third of the 
copper in the form of Atacamite, the volatile oxychloride. These ores proved 
very undesirable for smelting on account of the volatile copper compounds which 
carried off large quantities of silver as well as copper in the furnace gases. It 
did not seem wise to build a condensing plant for the fumes under the terms of 
the lease, and the plant was closed, the ores being shipped to the company’s 
plants in the United States. . 

Colombia.—(By P. N. Ospina.)—There is little to report regarding the 
progress of the mining industry in the State of Colombia during 1901, except 
that the civil war kept up its work of ruin and demoralization. The principal 
mines in Colombia are worked for gold and silver, chiefly the former. Ninety 
per cent. of the actual production of the country comes from the Department of 
Antioquia, the most central of the nine departments of the Republic. The value 
of the bullion exported last year is estimated at about $3,600,000. There are no 
statistics regarding ore exports from mines situated less than 20 miles distant 
from the Magdalena river, which is the principal waterway, but it must have 
been between 3,000 and 4,000 tons. The ore exported is mainly silver ore, which 
is shipped chiefly to England and Germany. Notwithstanding the civil war, 
mining in the interior of the country has been conducted with success. The rate 
of exchange in the interior ($1 in gold being worth from $30 to $45 in paper 
currency) has permitted the working of mines that would not pay formerly. 
Prospecting however has been greatly hampered by the difficulties and dangers 
incident to the war. Foreigners are usually respected and hospitably treated in 
Colombia, and have nothing to fear during periods of revolutionary agitation, 
provided they do not mingle in politics. For this reason mines and camps be- 
longing to foreigners are usually left unmolested. There are two English com- 
panies operating in Colombia with most encouraging results, and there is also 
one French company. American capital is represented by a number of mining 
camps, generally located on small concessions, and apparently without much 
means. One of the most interesting mining events of recent years has been the 
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settlement of the old legal suit about the ownership of the Cruces de Caceres 
gold and coal fields, probably the most valuable concession of its kind in Colom- 
bia. The property is located in the north of Antioquia and is bordered by two 
rivers, the Nechi and the Cauca, both of which are navigable by steamboats. 
Hcuador.—The mines in the Zaruma district, Province of Del Oro, are still 
being successfully worked by the South American Co., of New York. The 
cutput of gold for Ecuador for 1901 is reliably estimated at from $250,000 to 
$275,000, against $200,000 for 1900. A detailed account of the mining industry 
in Ecuador will be found in THe Minzrat Inpusrry, Volume IX. 
Guiana.—The total production of gold in British Guiana during 1901 was 
102,258 crude oz. (about 900 fine), as compared with 113,749 crude oz. in 1900, 
showing a decrease of 11,491 oz., or 10°1% from the production in 1900. 
The new 20-stamp mill (the first erected in the country) for the Concession Gros 
Co., of Dutch Guiana, was completed late in the year. The ores are sedimentary, 
composed of quartz streaks or conglomerates, in clay and kaolin formation. The 
deposits are covered with vegetable matter and average some 18 in. in depth. 
One of the deposits of this concession is 36 in. in depth and assays over $100 
per ton; the average of the whole is, however, but $18 per ton. Gold is well 
distributed throughout the country, but the climate is very, unhealthy, and a 
number of failures have been made through the erection of recovery plants not 
suited to the deposits. Rich placer gold diggings in the Inini river district of 
French Guiana are attracting many prospectors to that locality. During October 
and November of 1901 over 29,167 crude oz. of gold were brought down to 
Cayenne, and other lots were expected to follow before the end of the year. 
Peru.—A Hamburg company, capitalized at $357,000, has been registered to 
acquire the property and rights of the Compania Aurifera del Inambari, which 
has operated to some extent at Poto, in the Sandra district. The largest part of 
the Cerro de Pasco district silver output, which amounts to 643,000 oz. annually, 
is obtained by the sodium hyposulphite treatment of the old residues, which con- 
tain from 3 to 5 parts of silver per 10,000. The interest in copper in this district 
has resulted in neglect of the silver mines. The latter are either in bad con- 
dition or inundated with water, and at the low prices for silver there is not much 
inducement to resume work. In January, 1901, a company was formed at Lima, 
Peru, to drain the inundated mines at Cerro de Pasco. The company is capi- 
talized at 500,000 soles ($243,500). A United States consular report notes the 
organization of La Sociedad Nacional de Mineria, with headquarters at Lima, 
Peru, and request is made that a full line of catalogues be sent to the society, 
to enable them to make recommendations to the Government or other purchasers 
of machinery of material deemed suitable to Peruvian conditions. 
Uruguay.—The output of gold in 1900 from the quartz mines of Cunapiru. 
San Gregorio, and Santa Ernestina amounted to 2,315 oz., valued at $33,345. 
Venezuela—Gold mining during the past two years according to statistics 
reported by the Custom House has retrograded slightly, yet there is reason to 
believe that owing to a temporary high tax on the export of gold a large propor- 
tion has been taken out of the country by illegitimate means. The Gold Fields 
of Venezuela, Ltd., a British enterprise, has successfully introduced the cyanide 
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treatment of mill tailings at its mines in the Yuyuari district, and it is expected 
that the application of this process will allow the treatment of extensive deposits 
of low-grade quartz which formerly, owing to the excessive cost of labor and the 
loss of gold in the mill tailings, could not be worked with profit. 

Evropr.—Norway.—The principal silver mines are those belonging to the 
Government, located at Kongsberg, which have been worked since 1624 with 
varying success. About 5 tons of silver Is the annual output of these mines. Of 
late a new and very promising lead has been struck. Other silver mines are 
located at Trollerud, 10 km. north from Kongsberg, at HKidsvold and at Sven- 
ningsdal, in Vefsen, Nordland. Silver 1s otherwise found in many different 
places, but not in paying quantities. The exports of silver ore in 1899 were 
valued at about $1,000. 

Russia—(By C. W. Purington)—The mining conditions of Russia so far 
as reflected in the statistics of production showed some improvement last year. 
The output in 1901, based on the receipts of the St. Petersburg mint but making 
a necessary allowance for gold finding outlet by other channels, was 1,253,592 oz. 
($25,911,744), against 1,072,484 oz. ($22,167,201) in the previous year. 
Quartz mining and milling in Siberia and eastern Russian has made little 
progress. In the two districts of Ekaterinburg and Kochkar, of the Ural region, 
there are at present about 150 stamps dropping and some half dozen mills of the 
Yhilean type in operation. At Kochkar several small cyanide plants for treating 
tailings have been erected. On the river Reft, about 100 miles N.E. of the 
city of Ekaterinburg, there is an auriferous slate deposit, from which about 
$350 in gold is extracted daily. The ore is treated in a 10-ton Chilean mill. 
The Chernyladeff Co. owns a similar deposit in the same district which it is 
working with a 10-stamp mill. The mills in the Ural district are of small ca- 
pacity and the stamps do not average over 600 lb. each. They are built by 
Thomas Yates, of Ekaterinburg. Recent operations in the Marinsk district of 
western Siberia have been very successful, but no complete data as to results are 
available. Rich finds of gold quartz were made in the summer of 1900, and a 
10-stamp mill has been in operation for about one year. The results for 1901 
were said to be 6 Russian pounds of gold per day, the Russian pound being about 
nine-tenths of the avoirdupois pound. The fineness of the gold is not known. In 
the Achinsk district Mr. C. I. Ivanitsky installed a Krupp 20-stamp mill during 
the spring of 1900. Ten stamps have been in operation for the better part of 
two years, the first mill having been partially destroyed by fire. The Fyedorov- 
sky mine, near which the mill is located, has long been operated as a placer, and 
as such, is practically exhausted. The operations here have yielded about 5 
Russian pounds of gold per day from 18 tons of ore, the gold having a fineness 
of 850. The mill is operated by electric power generated by water. The valley 
of the Sorela Ooyoos river, in the Achinsk district, about 100 miles south of the 
Trans-Siberian railway, has recently been the seat of extraordinarily rich quartz 
finds. The ore is.free milling and occurs as a solid quartz reef, averaging 12 it. 
in width. The ore thus far encountered runs about $15 per ton. There are 
also other large reefs in theesame valley, but as yet they have not been exploited. 
On the Onon river, in East Siberia, StE. of the Irkutsk, large deposits of low- 
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grade ore are worked by different Russian companies, the largest property being 
owned by the Messrs. Sabachnikoff. The mills in operation in this district are 
of small capacity and poorly constructed. Near Urga, in Mongolia, an American 
company has installed a 10-stamp mill which was operated during last year. 
Little has been done so far toward developing the quartz mining industry in 
Siberia, especially in dealing with refractory ores. All of the districts mentioned 
above produce gold from free milling ores only. In the Urals a few reduction 
plants for treating refractory gold ores, have been erected. 

Spain.—There is some prospect that gold mining will be resumed on an 
extensive scale in this country after a long period of decline during which the 
output has dwindled to a few hundred ounces a year. In the district of Corunna, 
alluvial concessions have been taken up by three foreign companies, and a quartz 
deposit is to be exploited by the Sagasta Gold Mines, Ltd., of Glasgow. Several 
mining concessions covering properties in the Province of Leon have also been 
granted. El Oro Espanol, capitalized at 2,000,000 pesetas, has started operations 
on the auriferous mining properties on the Duerna river and many new mining 
concessions have been registered to work auriferous properties in the Leon 
province. The principal alluvial concessions in the Corunna districts have been 
taken up by the Société Anonyme, of Brussels, with a capital of $300,000; the 
Valdeorras Gold Mining Co., and the Valdeorras Alluvial Gold Mining Co., of 
London. The gravel or sand contains 1 oz. gold per cu.m., which is reported to 
be extractable at a working cost of 10c. There is a group of quartz mines 30 
miles from Corunna operated by the Sagasta Gold Mines, Ltd., of Glasgow; the 
lode averages 18 dwt. gold to the ton, and a cyanide plant has been erected. As 
a large part of the gold is contained in pyrites, a concentration plant is contem- 
plated. The mines belonging to the company are the Sagasta, Alfonso, Maria 
Christina, Linares Rivas, and the Pretoria. 

United Kingdom.—The report of the St. David’s Gold & Copper Mines, Ltd., 
for 1901, showed an output of gold bullion and concentrates valued at £20,254, 
equivalent to 4,772 fine oz., which was obtained from 15,517 tons of ore. The 
net profits of the year’s operations were £6,563. An additional 20-stamp battery 
was erected which, with the improvements to the concentrating plant, will doubt- 
less lead to an increased production in 1902. Some gold was also obtained at 
West Seton in the Camborne district by a company which treated old mine 
dumps. The total output of gold in the United Kingdom during 1900 was 
$253,747. 

AFRICA.—A byssinia.—There is much discrepancy in the estimates of different 
authorities as to gold output of Abyssinia. According to the Diplomatic and 
Consular Reports of the United Kingdom, the annual export from Addis Abbaba 
and Harrar is about $650,000. This amount is probably too high. French 
authorities state that the annual sales by natives are about 10,000 oz., and upon 
this basis the total product may be estimated at 20,000 oz. as a maximum limit. 

Egypt—Recent exploration in the desert region between the Nile and the 
Red Sea has shown the existence of ancient gold mines that were once worked 
on an extensive scale. The Egyptian Mines Exploration Co. during 1901 ex- 
plored the ancient gold mines in the district between the Nile river and the Red 
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Sea. The Egyptian Development Syndicate during the latter part of the year 
began operations on the peninsula of Sinai. These companies are operating on 
large prospecting areas granted them for a time by the Egyptian government, with 
the right to locate and hold on certain specified terms any mines discovered 
therein. Early in 1902 the Egypt & Soudan Mining Syndicate will begin opera- 
tions, and probably others will get permits. Quartz veins discovered by the 
Egyptian Mines Exploration Co. at Um Rus on the Red Sea about 240 miles south 
of Suez appear to be of good value, contain but little pyrites, and have been worked 
in ancient times to a considerable depth. A shaft to a depth of 130 ft. has not 
yet reached the bottom of the old workings which have exposed a vein for a length 
of 700 ft., varying from 1 to 3 ft. in width. . 

Gold Coast.—There was less interest manifested on the part of the British 
public in the flotation of companies to operate on the Gold Coast, and the market 
quotations for shares of the established companies was on a lower level than that 
prevailing in 1900. The reaction was due in part to the unfavorable reports of 
cngineers commissioned to investigate the properties and in part to the fact 
that the results obtained by companies actually engaged in development work 
fell short of expectations. The general consensus of opinion among mining men 
familiar with the field indicates that there is a basis on which to build a legiti- 
mate and successful mining industry, although the deposits are by no means 
equal in extent and regularity to the formation of the Transvaal, with which they 
have been compared. The development of the country must necessarily be slow, 
owing to the adverse conditions of climate, transportation and labor, which prob- 
ably exceed in difficulties those found in any other district of the world where 
lode mining has been carried on successfully. It is stated that under the present 
conditions no profit can be made from free milling ore carrying less than 1 oz. 
gold per ton. The Wassau district, containing the banket reef formation, 
promises to develop some productive mines in the near future. The district is 
now in communication with the Coast by the Secondi-Tarkwa railroad, and de- 
velopment work has been actively prosecuted at several concessions. At the 
Adjak-Bippo mine, operated by the Wassau Mining Co., Ltd., the reef was found 
at a depth of 770 ft., having a thickness of 3°5 ft., and assaying 22 dwt. per ton. 
In the Prestea district the mines are located on quartz veins, some of which are 
extensive and carry good values. Operations have been conducted here intermit- 
tently for the last 15 years, but on the whole they have been unprofitable. The 
Prestea Appantoo mine was engaged last year in sinking a main shaft. The 
company has two mills of 30 stamps and has already crushed about 4,000 tons of 
ore. At the Broomassie mine, which has been worked for 10 years, there are 
over 1,000 ft. of tunnels and a 20-stamp mill has been installed. The exports 
of gold from the Gold Coast in 1900 were 12,774 oz., valued at £51,062; as com- 
pared with 14,249 oz. (£51,300) in 1899. 

Ivory Coast—The principal events of the year were the granting of a large 
number of mining concessions and of a banking commission to the Banque de 
Afrique which will operate in this country. Plans were developed also for the 
construction of a railway 120 miles in length between the Baudama and Comoe 
rivers passing through the mining district. The gold deposits, according to 
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J. N. Griffiths, occur as banket reefs in regular conglomerate beds, while the 
geological formations of the region include sandstone, shale, schist and quartzite, 
broken through in places by dikes. There are also alluvial deposits that could 
be worked advantageously with steam dredges. 

Madagascar.—The output of gold in 1900, as estimated from statistics of ex- 
ports, was $608,000 against $228,622 in 1899. Nearly one-half of the output 
in 1900 came from the new gold fields in the Ampassary country. No quartz 
ores have been worked as yet, although they have been discovered in several 
localities, the entire product being washed from alluvial deposits, mostly in the 
native wooden pan. Discoveries of placers have been made recently in the eastern 
part of the island near the port of Manangary, which, while not as rich as those 
of Ampassary, are said to be more extensive. 

Portuguese Hast Africa—Discoveries of gold in the Sasa country were re- 
ported during the year, but they have not been confirmed by credible authority. 
The locality is in the Yuanatsi district near the Transvaal border. 

Rhodesia.—TVhe production of gold in 1901 was 148,753 fine oz., valued at 
$3,074,730, an increase of 69,399 oz. or $1,434,479 over the output of the pre- 
ceding year. There has been a steady development of the gold mining industry 
since the native rebellion was quelled in 1897, although the Boer war and the 
insufficient supply of skilled labor have been serious drawbacks to progress. 
Efforts were made last year to partially supplant the Kaffirs, who are unsatis- 
factory workmen, with natives imported from other parts of the country and 
with Arabs, but the results ‘did not justify a continuation of the experiment. 


It is possible that the only solution of the question will be found in the in- 
troduction of laborers from other British Colonies or from China. With the 


development of the coal fields now under way, a supply of good fuel will be 
made available, much to the benefit of the mines, which at present are compelled 
to rely upon native wood. A company known as the Ayrshire Gold Mine 
& Lomagunda Railway Co., Ltd., has been formed to work the Ayrshire mine 
in Mashonaland and to construct a railway from Salisbury to the mine. The 
share capital is £400,000, of which £100,000 will be held in reserve. <A further 
working capital of £250,000 is to be raised by the issuance of bonds bearing in- 
terest at 5°5% guaranteed by the British South Africa Co. and the Rhodesia 
Exploration & Development Co., Ltd. 

Transvaal.—Although the Rand district has remained in possession of the 
British army since May, 1900, little progress has been made in re-opening the 
mines and starting the mills. A few companies resumed operations on a small 
scale in May, 1901, and the number was gradually increased until near the close 
off the year there were 11 mines partially operated, with a total of about 600 
stamps, as compared with an average of 5,762 stamps operative during 1899. 
The output for 1901 was 238,991 0z., valued at $4,939,944, against 348,760 oz. 
($7,208,869) in 1900 and 3,529,826 oz. ($72,961,501) in 1899. Dividends paid 
during 1901 amounted to £415,812, which corresponds to 20s. 2d. per ton 
milled. It is probable that the output will steadily increase from now on until 
all of the mines are again in full operation when the productive rate will prob- 
ably be above $100,000,000 per year. During the enforcement of martial law 
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by the South African Republic, the Rand district was completely under its con- 
trol. Twelve of the larger mines were operated and gold to the value of about 
$10,000,000 extracted which was appropriated by the Government. The direct 
losses sustained by the companies during this period, though considerable, were 
less than had been expected, as very little wilful damage was done by the Boers. 
The principal item was the cost of maintenance and pumping, amounting to 
nearly $10,000,000, while the total may be placed at about twice that figure. 
These estimates must be largely increased to include the entire losses sustained 
during the long period of inactivity and the re-opening of the mines. One of the 
chief difficulties encountered since the resumption of operations has been the in- 
adequate supply of native labor. The Kaffir workmen who were dispersed during 
the war have not returned in sufficient numbers, and under the present condi- 
tions, which do not permit the former freedom in dealing with the natives, 
there is no immediate remedy available. During the past four years the scale 
of wages for mine laborers has been frequently reduced by wide margins, and 
the natives, especially the more competent class, do not take kindly to this treat- 
ment. A proposal was made by Mr. Cecil Rhodes to import Chinese and Indian 
coolies for the Chartered Company’s mines, but so much opposition developed 
that the plan had to be abandoned; it is probable that such a proposal would be 
received in a similar spirit on the Rand. An event having an important bearing 
on the future development of the district was the striking of the gold reef series 
in the Turf Club bore-hole south of Johannesburg at a depth of almost. 5,000 ft. 
On the main reef the ore body was proved through 45 in. with an assay valué 
of 8-44 dwt. The richest portion being 25 dwt. over a section of 10 in. The 
south reef showed a thickness of 43 in. assaying 10°6 dwt. with a maximum of 
32 dwt. over 9 in. The results are highly satisfactory, indicating the extent of 
the ore bodies over a large area. ‘To what depth mining can be carried on in 
the Transvaal is a problem of great importance, upon which directly depends the 
life of the mines. According to Mr. John Hays Hammond there are no factors 
operating against mining to a depth of 8,000 ft. vertically, except the additional 
cost of haulage, pumping and ventilation, which will not be prohibitive. As the 
increment of temperature is exceptionally small, amounting to 1°F. for each 
200 ft. in depth, no difficulty is expected from this source. Another prominent 
engineer, basing his conclusions upon the temperature factor, is of the opinion 
that the reefs can be worked down to 12,000 ft. vertically. While there is no 
certainty what the ultimate limit will be, it is evident that mining can be con- 
tinued to much lower depths than have been attained thus far in any mining 
field of the world. As to the output of the district, it has been estimated that 
the reefs will yield about $50,000,000 for every mile on the strike and 1,000 ft. 
on the dip. This estimate is regarded as conservative by Mr. Hammond, who 
places the available gold in the ore lying within the practicable mining depth 
of 6,000 ft. at about $3,000,000,000. This figure must be increased by 
$1,000,000,000, according to Messrs. Hatch and Chalmers, to include the gold 
product of the east and west portions of the Rand. As to the duration of mining 
on the Rand, Mr. Hammond has expressed the following view: . . . “the 
tendency is to exploit the auriferous areas as rapidly as possible and engineering 
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methods are all adopted with that end in view. If the exploitation of the deeper 
levels is not delayed pending the proving of the ground lying above, but 
is carried on concurrently with the exploitations of the higher horizons of 
the reefs, the industrial life of the district will, of course, be correspondingly 
shortened. The working of lower grade ores, made possible by improved 
economic conditions or other circumstances, would tend to increased longevity of 
the industry. But were I called upon to express an opinion, I would estimate the 
future duration of profitable operations on a large scale in the district, at less 
rather than more than 25 years.” The following data give the relative working 
costs for some of the leading Transvaal mines in 1898: White labor, 31:22% x 
' native labor (including food), 29°83%; explosives (dynamite, fuses, caps), 
9:70% ; coal, 9°07% ; chemicals (cyanides, etc.), 3°22%; tools, steel, shoes, 
dies, etce., 3.29% ; mining timbers, lumber, 4:05% ; candles, lighting, 1:38% ; 
sundries, 824%; total, 100%. 

As14.—Borneo.—In British Borneo, which comprises the northerly portion of 
the island, the principal gold mining operations are conducted by the Borneo 
Co., Ltd., at Bau and Bidi. The company has two cyanide plants disposing of 
about 16,000 tons monthly and is contemplating the erection of a third plant. 
Chinese labor is largely employed and the mining costs are low. The exports of 
gold from this part of Borneo in 1900 were 19,873 fine oz. valued at $410,038. 
A review of the gold mining industry in Dutch Borneo will be found under 
Dutch East Indies. 

_ China.—The unsettled condition of affairs in China incident to the native 
uprising against foreigners has greatly hampered mining operations, especially 
in the northern part of the country where the principal gold fields are located. 
The output in 1900, according to estimates based upon the most reliable authori- 
ties, was about $4,300,000. No information is available as to the production 
last year, but it may be safely assumed that the amount did not exceed $3,000,000 
and probably fell short of this sum. The present outlook for the industry is 
more encouraging than for several years past; the policy of the Government 
in granting liberal mining concessions to foreigners should attract capital 
and offer a more permanent basis for mining enterprises than has been possible 
under the conditions that have prevailed heretofore. Auguste Mathez, in Mines 
and Minerals, April, 1901, gives a description of an exploration trip in northern 
China in June, 1900, covering a concession in the district Chai-luh about 100 
miles north of Peking. The values of gold, silver and copper were mainly con- 
tained in white quartz; in one instance only was the vein filling felsitic. The 
deepest mine visited was 120 ft., a depth beyond which it was impossible to go 
with the primitive method of mining pursued on account of the water filling 
the vein. No powder was used for blasting, the rock being detached by the old 
Roman method of first heating the rock and then throwing cold water on it. 
Other mines were examined which showed free gold at the surface running into 
sulphurets a short distance below and in one instance the ore was of chalco- 
pyrite, the vein measuring 18 in. in the deepest level and averaged 20% copper 
with 3°5 oz. gold and 10 oz. silver per ton; generally the gold values were much 
less than this and averaged from $2 to $20 per ton. The miners work in inde- 
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pendent sets, and it is quite common to find a number of pits strung along a 
vein with only a few feet of ground separating them. The ore is crushed in 
roller mills similar to a Chilean mill and the pulp shoveled onto an inclined 
board 4X2-°5 ft. held at a slight inclination on the lap of the operator and 
washed by water thrown on by a boy. The concentrates were worked back with 
a small rake until of satisfactory condition and the product then panned by | 
hand to extract the gold, the silver and copper contents being lost. A deposit 
on the borders of Manchuria was examined and while the veins were similar 
to those in the Chai-luh district, they were of very low grade. The placer mines 
at Pa-kau were examined also. The mining has been done in a very crude man- 
ner, the ground being worked out by innumerable pits to the bed rock, beginning 
at the top instead of at the bottom of the gulch. All of the excavated material 
was panned by hand, giving employment to thousands of people. 

Dutch East Indies—Some progress has been made in the exploration of the 
gold resources of Celebes, where several companies are operating under conces- 
sions from the Dutch Government, and the mining industry has gained a foot- 
hold in Borneo and Sumatra. According to S. J. Truscott, in a paper read before 
the Institute of Mining and Metallurgy, November, 1901, nearly 100 explora- 
tion companies have been formed during the last five years to operate -in these 
fields. In Sumatra the Redjang Lebong mine situated some distance from the 
coast town of Bencoelen is the principal mining center. This mine was opened 
in 1898 upon a reef 1,000 ft. in length and 17 ft. in width. Since that time a 
40-stamp battery and cyanide plant have been erected and work actively prose- _ 
cuted. The ore is a close-grained amorphous silica carrying finely disseminated 
gold in the free state and also as auriferous silver in the proportion of one of 
gold to 10 of silver. Up to the end of 1900, with an average run of from 10 to 
20 stamps the operating results were: ore crushed, 12,072 tons; fine gold pro- 
duced, 11,308 oz.; fine silver produced, 73,493 oz. In addition there was an 
accumulation of 2,423 tons of slimes which it is estimated will yield 3,876 oz. 
gold and 24,230 oz. silver, increasing the total extraction to 25°1 dwt. gold and 
8:1 oz. silver per ton, or 85 and 67% respectively of the assay values. The output 
in 1901 showed a large increase over previous years. About five miles west of this 
mine is located the Lebong Soelit deposit with an indicated length of 2,000 ft., 
a width of 8 ft. and an average tenor in gold of about 20 dwt. A tramway has 
been constructed from the mine to a river that is navigable for light-draft 
boats to the coast. In the central part of the island around Fort Kock and 
Soepajang there are also auriferous areas but no veins of value have thus far 
been discovered. Dutch Borneo contains three auriferous districts: in West 
Borneo around Sambas, in Central Borneo at the sources of the Kahajang and 
Kapuas rivers, and in the southeastern portion of the island. A large amount 
of exploiting work has been done in West Borneo recently with a view of locating 
the sources of the gold found in alluvial deposits. The results so far have not 
been very successful, as such veins as were encountered showed little persistency 
in depth. However, there are large areas of alluvial ground which may be made 
the basis of profitable exploitation. Central Borneo contains the Kahajang 
mine, located some 200 miles from the coast, near a stream of that name. A 
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20-stamp mill has been erected and ore is being taken from two quartz reefs, 
of which the larger is 3°5 ft. in width and carries 1 0z. gold and 12 oz. silver 
per ton, while the smaller is about 1 ft. in width and has an assay value of’ 
5 oz. gold or more per ton. Trial crushings with amalgamation gave a recovery 
of 260 oz. bullion from 139 tons of ore. A third quartz reef 8 ft. in width 
and carrying about 0°5 oz. of gold occurs in the vicinity of the mine, and a 
fourth at a distance of about five miles has been prospected with good results. 
The country rock consists of granites and slates, both of which are traversed by 
the quartz reefs and by dikes of andesite. Gold is also obtained from alluvial 
washings in numerous localities. The deposits in southeastern Borned consist 
of placers, but there are indications that gold occurs also in the igneous country 
rock. In Celebes the gold bearing area is confined to the northern part where 
are located the mining camps of Palehleh, Soemalata, Denerki Bay, Totok and 
Kotaboenon. At Palehleh, the Nederland Indische Gold Mining Co. is oper- 
ating on a reef composed of quartz veins and stringers that carries free gold and 
sulphides. The average width of payable reef is about 6 ft. and the gold tenor 
varies from 6 dwt. to 4°5 oz. per ton. The poorer grade of ore is crushed in a 
s0-stamp battery and theh pulp passed over amalgamated plates which save 58% 
of the assay value and then over blanket tables where another 15% is recovered. 
After this the tailings are concentrated on Frue vanners, which effect a final 
saving of 11%. Ore of the richer grade is shipped at present to Europe, but the 
company is planning to erect a smelting plant at the mine for its treatment. 
Soemalata lies about 40 miles west of Palehleh on the coast. The ore consists 
almost entirely of sulphides and occurs in a vertical vein breaking through an- 
desite. The coarse ore as it comes from the mine is hand-sorted and passed 
directly to the smelter bin, while the fines are run through rotary sieves and 
sized into three products, se which the two finer are jigged and the coarser hand- 
sorted. This treatment of the fines brings the tenor up to that of the coarse 
ore which is about 30 dwt. gold and 4 oz. silver per ton. The material contain- 
ing 50% Fe., 30% S, and 1% Cu is smelted with coral and wood, resulting in 
a concentration of four of ore into one of matte. The matte is sold in Europe. 
At Totok the gold occurs in a free state in a quartz gangue. A 20-stamp 
battery has been set up, and a crushing of 400 tons with amalgamation alone 
returned 5 dwt. 8 gr. gold per ton. Trial crushings of ore occurring at Kota- 
boenon have been made which gave a recovery of 5:6 dwt. gold and 15:2 dwt. 
silver per ton. The mining areas of the Dutch East Indies are thinly populated 
and labor for the mines must be imported. Chinese and Javanese coolies are 
usually employed, the former giving better satisfaction. The right of exploration 
for minerals is granted to such persons or companies as are domiciled in Hol- 
land or its East Indian colonies upon application to the Government. This 
right holds for a term of three or five years on an area not exceeding 52,500 acres 
in extent, for which an annual rental of about 4c. an acre must be paid. If 
payable ore be discovered, the holder of the prospecting right, or “vergunnung,” 
upon complying with the stipulations of the law as to domicile and financial 
responsibility, may receive a concession for exploitation. Concessions are 
granted for periods of 75 years, during which payments must be made to the 
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Government of 2°5% of the yearly output of mineral and of 40c. per acre of area 
conceded. The climate of the gold districts is tropical, but if proper pre- 
cautions are taken it is not especially formidable. 

French Asia.—This French colony is comprised of Cochin China, and the pro- 
tectorates of Annam, Tonkin Cambodge, Laos, the mountainous region between 
Annam and Laos, and the territory of Kouang-Tchéon-Ouan. The total area of 
territory is estimated at 630,000 sq. km., and supports a population of 20,000,000. 
Gold appears to be distributed over much of the country both in quartz and 
alluvial deposits. The series of veins and alluvial deposits of Quang Nam in the 
province of Annam appear to be the most important, and have been worked on 
a comparatively large scale by the ancients. 'The mines at Bong Mit have been 
recently operated by the Société des Mines des Bong Mit, and a 30-ton mill has 
been installed which has given good results in gold recovery. 

India.—The Colar field produced 504,348 crude oz. of gold in 1901, an in- 
crease of 9,318 oz. for the year. In addition there was a small output in 
Nizam’s Territory, Burma, and Madras, which brought the total for India 
in that year up to 455,871 oz. ($9,422,855) as compared with 448,100 oz. 
($9,262,226) in 1900. The largest mines are the Mysore and Champion Reef 
of the Colar field with an annual output of more than 150,000 oz. each, and the 
Ooregum, Nundydroog and Balaghat mines in the same district with a com- 
bined product approximating the same figure. The report of the Champion 
- Reef Gold Mining Co. for the fiscal year ending September 30, 1901, shows an 
income from the sale of gold of £603,792 and a total income, after deducting 
royalty to the Government, of £576,329. The expenditures amounted to 
£242,817, leaving a net balance with the amount carried forward from the 
previous year of £335,451, out of which £334,359 in dividends were paid. The 
average yield of ore milled was 1 oz. 4 dwt. 11 gr. per ton, a falling off of about 
6 dwt. per ton from the previous year’s average. A new cyanide plant and mill 
were placed in operation which it is expected will maintain the output of the 
mines at a high rate, even if the tenor of the ore in gold should continue to be 
low. Discoveries of ore carrying good values were made in the deeper levels 
cpened during the year. The Mysore Gold Mining Company, Ltd., during 
1901 treated 127,070 tons of quartz, which yielded by amalgamation 147,354 oz. 
of gold. From the cyanide works and slags a further 17,227 oz. were obtained 
making the total extraction 164,581 0z. The sum of £641,977 was realized from 
sales of gold, yielding a net amount of £610,165, after deduction of royalties. 
The total net receipts were £614,167 and the expenses were £239,802, so that the 
net profit for the year’s operations was £374,365. The sum of £376,911 was 
appropriated for dividends, leaving a balance of £1,410 to be carried forward to 
the account of the following year. The dividends were at the rate of 130% 
on the share capital of £265,000. The quantity of ore treated was 10,494 tons 
more than in the previous year, while the increased output of gold was 4,486 oz. 
From the cyanide works the amount of gold obtained was 2,988 oz. less than 
in 1900, so that the gain in the year’s output was 1,448 oz. The total return 
of 164,581 ounces was a record for the mines. A large amount of development 
work was performed, and the estimates show that at the close of 1901 the ore 
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reserves were about 340,000, or practically a three years’ supply for the mills. 
Successful negotiations were carried on with the Mysore Government for a 
renewal of the leases under which the company is working; according to the 
terms agreed upon, the Government is to receive a royalty of 5% of the value 
of the gold extracted and a payment of 2:5% on dividends distributed after 
March 22, 1910. The Nundydroog Co., Ltd., during 1901 produced 56,997 
oz. gold from 52,030 tons of ore and 60,216 tons of tailings. ‘The available 
profits of the year’s operations were £105,193. In the same period the Ooregum 
Gold Mining Co., Ltd., recovered 86,918 oz. of gold, from which a profit of 
£157,472 was realized. 

Japan.—The output of gold in 1900, according to official sources, was 
2,130 kg., equivalent to 68,482 oz. or $1,415,523. The increase over the pre- 
ceding year, which amounted to about $300,000, was due chiefly to the working 
of the new placer deposits in northern Jesso. Some gold was mined in Formosa 
in the vicinity of Kelung. 

Korea.—The gold resources of this country are being rapidly developed under 
the direction of foreign companies who have received large concessions of gold- 
bearing territory from the Government. One of the most important concerns 
operating at present, the Oriental Consolidated Mining Co., of Woonsan, backed 
by American capital, is operating a grant of quartz and placer land. The 
company owns the mining rights in a district some 25 by 30 miles in extent 
which is said to be the richest known gold region in Korea. Two cyanide plants 
have been erected for treating the tailings from the stamps, of which there 
are two installations of 20 stamps and two of 40 stamps. The mining staff 
comprises about 70 foreigners as officials. The 3,000 native laborers are paid 
from 15 to 25c. per day, the highest wages ever paid in Korea. The British 
concessions extend over the Unsan district in the vicinity of the region occupied 
by the American company. At the Gwendoline mine development work was 
continued throughout the year on a quartz reef carrying pyrites and gold. A 
part of the mining equipment was set up and crushing will probably begin early 
in 1902. The mine is reached by 11 miles of roadway extending from Ko Hol 
on the Hoo Gin river, whence communication is had by water with Chinnampo. 
The company employs about 15 foreigners and 700 natives. Extensive coal beds 
have been discovered at Tensan, 10 miles north of the Gwendoline mine. <A Ger- 
man syndicate was engaged in prospecting for gold at Tangokae, with 12 foreign- 
ers and 500 Koreans on its staff, and a new concession was granted to a French 
subject covering territory as yet undefined. Some work was done on the Japanese 
district south of Seoul, but the Russian concession has been but little explored. 
The exports of gold from Korea in 1900 were 3,633,050 yen, or about $1,816,525, 
against 2,933,382 yen ($1,466,691) in 1899. 

Malay Peninsula.—The Australian Raub Gold Mining Co. has been operating 
mines in Pahang for some time, through its two subsidiary companies, the Punjom 
Gold Mining Co. and the Kechau Gold Mining Co. The parent company owns 
a 60-stamp Australian mill, which is equipped with electric power. It is reported 
that the ores range from 7 to 8 dwt. gold per ton on the average with occasional 
rich patches, and that the expenses of mining and milling are about 15s. per ton. 
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In Negri Sembilan the Chindras Co. is operating a property of 50 acres and erect- 
ing a 15-stamp mill. The Taong gold mine recently financed in London is 
reported to have an ore body averaging 9 ft. wide, and assaying from 4 to 30 
dwt. of gold per ton. The Kedana Gold Mining Co. in Johore is developing a 
lode carrying arsenical pyrites and some 14 dwt. gold per long ton. Old alluvial 
workings are reported on the rivers Sungeis Tenoh, Ayer Terap, and Anak 
Kadana. The deposits of Johore are not more than 30 miles from navigation. 

Philippine Islands.—The island of Mindanao has been for many years the 
seat of desultory mining for gold, but the output has been irregular and very 
limited in amount. Tis, the Pigholugan region the deposits consist of quartz 
veins in a soft argillaceous slate with bedding planes inclined at a high angle 
from the horizontal. The veins range up to 4 in. in width and occur in three 
sets, two of which are vertical and cross each other nearly at right angles, 
while the third is conformable to the stratification of the slate. The natives 
in exploiting the deposits excavate deep trenches on the course of the main 
veins and then dig shallow shafts at the points of intersection which seem 
to contain the best gold values. According to J. Clayton Nichols, in a paper 
read before the American Institute of Mining Engineers, November 19, 1901, 
as much as $4,000 has been taken from a single hole, yet ‘the deposits are 
unsuited for operation by large corporations on account of their small size. 
‘The region is several miles in extent, and nearly all of it is public domain. 
Another gold locality that has been exploited by the natives lies about 10 miles 
west of the port of Surigao. The gold is found in loose surface material which 
bears evidence of being disintegrated serpentine. 

AUSTRALASIA.—The production of gold in Australasia during 1901 amounted 
to 3,724,996 fine oz., as compared with 3,569,844 fine oz. in 1900, an in- 
crease of 155,152 fine oz. Western Australia and New Zealand alone show 
increased yields of gold, the remaining States recording declines, principally 
due to the extended drought which greatly restricted mining operations. It is 
interesting to note that the Australian mining journals have departed from 
their former practice of reporting the gold yield in crude ounces, and now use 
fine ounces, which is in conformity with the world’s standard for such statistics. 
The percentage of fine gold contained in the crude bullion obtained from the 
various Australasian mines differed so greatly in amount that a lengthy process 
of translation from ‘crude to fine ounces is now avoided. The general success of 
the sulphide reduction processes for the gold telluride ores of the Kalgoorlia 
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mining district, accounts in. great measure for the increased gold yield of 
Australasia, and as these plants are being rapidly installed it may be safely 
predicted that the year 1902 will show a still greater gold production than that 
of 1901. 

New South Wales.—The production of gold for the year 1901 was 216,874 oz., 
valued at $4,482,785, as against 281,207 fine oz., worth $5,812,539 during 1900. 
This decrease was due to the general drought and the business and financial 
depression, the first crippling operations of existing mines, and the second pre- 
venting the opening and development of new mines. In Wyalong a number of 
mining leases were consolidated, and a company is being organized to operate 
them which is to be capitalized at £130,000, of which £40,000 will be expended 
in sinking on the reef. The ore exposed in the Messrs. Neeld’s mine, at Wyalong, 
is valued at £500,000 and the ore on the surface is estimated to contain £40,000 
of gold; crushing operations continue to yield satisfactory returns. At the 
Baker’s Creek mine, at Hillgrove, the last clean up returned the following: 
750 tons of ore yielded 710-15 oz. of box gold, and 474°65 oz. of plate gold, a 
total of smelted gold of 1,175°8 oz. The Christmas Gift gold mine at Cullinga, 
12 miles southeast of Cootamundra, returned from 2,500 tons of ore crushed 
last year, 1,627 oz. gold saved by amalgamation, and about 500 oz. recovered by 
smelting with copper ores or recovered from concentrates by cyaniding. The 
Dawn of Hope mine, on the same reef as the Christmas Gift, has opened and 
exposed a large body of low-grade ore, and the management is now sinking 
deeper in the hope of encountering shoots of richer ore. Several gold prospects 
of Cullinga yield 0-3 oz. per ton and the reefs are large, but capital is lacking to 
treat them on the large scale necessary with such a low return. The Burdett- 
Coutts mine, at Canowindra, which has been worked by different managements 
for the past 10 years without much profit to the stockholders, has a main shaft 
500 ft. in depth, and a winze sunk from the 500-ft. level for another 100 ft. 
The 500-ft. level has been driven on. the vein for a distance of 420 ft. without 
a break, and the value of the ore has never been less than 1 oz. gold per ton. 
In the Gundagai mining district a new auriferous section has been opened above 
the famous old Jackalass alluvial lead. Some miners, while tracing the source 
of alluvial gold, found a quartz reef about 12 in, wide in a country of slate and 
serpentine. ‘The find is in the ranges about 6 miles southeast of Gundagai and 
yields about 3 oz. gold per ton. The report of the Broken Hill Block 14 Co., of 
New South Wales, notes that the substitution of briquetting and desulphurizing 
methods for their former roast processes has resulted in considerable economy. 
Three smelting furnaces are now doing the work that required five by the old 
method. The average grade of ore sent to the mill was Pb 16°7%, Zn, 12°4%, 
and silver 10°9 oz. per ton. The cost of treating the concentrates and slimes 
by briquetting proved to be one-half of the former cost of roasting. The com- 
pany reports a total reduction of liquid assets of £9,559 for the half year ending 
September 30, 1901, due to reduction in the value of bullion and ore carried 
over from the previous half year, a considerable outlay at the smelting works, 
and the cost of development work at the mine. 

New Zealand—The gold production of this colony is showing an upward 
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irend which promises to attain in the near future the high water mark of the 
early days when the output was over $10,000,000 annually. In 1901 the pro- 
duction was 412,189 fine oz., valued at $8,519,947, against 338,902 fine oz. 
($7,005,103) in 1900. The favorable condition of the industry is due to the 
successful working of medium grade ores and to the extended operations of the 
gold dredge. This appliance has been found very economical for working alluvial 
gravels, and a considerable portion of the total output of gold is now mined 
by this means, the amount recovered in 1901 being 65,531 oz. Otago and West- 
land are the principal alluvial districts, the former being the more important 
and containing the Kawarau and Molyneux rivers, the richest gold-bearing 
streams in the colony. Dredging operations are limited to a period of about 
six months during the winter season when the streams are at low-water. . The 
number of companies registered is about 300, representing a capital of over 
$15,000,000. According to Mr. Raymond Payne? the ladder-bucket type of 
dredge is the one universally adopted, the other types having been found un- 
satisfactory. The maximum capacity of the buckets is 7 cu. ft. and the range 
or scope varies from 60 ft. below to 60 ft. above the water line. Recently an. 
American firm, the Quintard Iron Works, of New York City, has secured a con- 
tract for the construction of four dredges which are to cost about $30,000 each and 
will have a capacity of 13,000 cu. yd. per week. It is estimated that the working 
capacity of each dredge will be about $264 per week, or, approximately, 14 oz. 
of gold, so that if a saving of one grain per cu yd. is made the net earnings will 
amount to $216 per week. Some of the dredging enterprises have been very 
successful from a financial standpoint, as is instanced ‘in the reports of the stock 
companies, one of which shows a dividend distribution of 862% in two years. 
The returns from the Hauraki gold fields were very satisfactory, both as regards 
the older mines and those under development. The Waihi Gold Mining Co., Ltd., 
during 1900 treated 112,012 tons of ore for a yield of 69,348 oz. gold, 190,555 oz. 
silver, and 22,964 oz. base bullion, the whole product being valued at £310,316. 
The average content of the ore, according to assay, was 14 dwt. 5 gr. gold and 
3 oz. 4 dwt. 21 gr. silver per ton, a slight reduction in gold as compared with 
the previous year. ‘The net profits of the year’s operations were £172,225 and 
the dividend distribution was £160,000 or 50% on the capital stock. The report 
of the Waihi Co. for 1901, shows a profit for the year of £232,480, out of which 
shareholders have received dividends to the amount of £166,425, being at the rate 
of 50% per annum. During the year 159,325 tons of ore were treated with a 
gold yield of £461,205. The gross revenue was £464,810, and the total ex- 
penditure £232,330. In examining a large number of sulphide ores of the 
Hauraki gold fields, Mr. F. B. Allen, in the Transactions of the Australasian 
Institute of Mining Engineers, 1901, found that in no case was the percentage of 
tellurium present sufficient to indicate in what combination it occurs, although 
in every ore containing copper, whether in small or large amount, the presence 
of tellurium was detected. The following analyses of ores containing tellurium 
were given: Coromandel, containing 25% mispickel, 200 oz. gold, 90 oz. silver 
per ton and a small percentage of tellurium; Tapu, containing dense iron pyrites 
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and chalcopyrite, 2°25 oz. gold, 250 oz. silver, 7-5 oz. tellurium per ton. Waiomo, 
Broken Hill mine, 2 0z. gold, 30 oz. silver, and tellurium less than 1% of the 
bullion. Waiomo, Gem mine, white quartz, 15 oz. gold, 600 oz. silver and 12 oz. 
tellurium. Other results obtained indicated that tellurium was not present in the 
auriferous quartz ores in amount sufficient to affect the extraction of the gold. 
According to reports of the Mines Department the production of silver in New 
Zealand for the 11 months of 1901, ending November 30, was 466,793 oz., against 
278,404 oz. for the corresponding period of 1900. The Department of Mines of 
New Zealand has offered a reward of £2,000 for the invention before January 1, 
1904, of a machine for saving profitably 3d. of gold per cu. yd. contained in 
the black sands of New Zealand. The invention must differ from known ap- 
pliances, must be readily transportable, and capable of treating a minimum of 
30 cu. yd. per hour, and the patent rights to be inoperative in New Zealand. 
The plant must be operated for six months to demonstrate its success. 

Queensland.—The gold production in 1901 ‘was 576,920 fine oz., valued at 
$11,924,936, against 676,029 fine oz. ($13,973,736) in 1900, showing a decrease 
of 99,109 fine oz. in the year. This unfavorable result was due largely to the 
exhaustion of tailings heaps undergoing cyanide treatment, especially in the 
Charters Towers district, and to the severe droughts prevailing in parts of 
Queensland, which compelled the Mount Morgan Co. to curtail its operations. 
The outlook for the present year is favorable to an increased yield, but it is 
doubtful if the figures of 1900 will be attained. The report of the Mount 
Morgan Gold Mining Co., Ltd., for the year ending May 31, 1901, shows an 
output of 215,461 tons of ore, from which 173,833 oz. of gold, valued at £693,273, 
were obtained. The underground workings supplied 58,690 tons of sulphide ore 
and 14,177 tons of oxidized ore, and the open cuts supplied 149,384 tons of 
oxidized ore. Dividends amounting to £350,000 were paid and £22,279 was 
carried over to the following year out of a total income account of £734,867. 
The average yield per ton of ore was 16:13 dwt., or 0-48 dwt. per ton more than 
the average yield in 1900. Within the six months ending November 30, 1901, 
the output from the mine was 111,181 tons of ore containing 82,610 of gold, 
while the dividends declared were £116,666. The Charters Towers field re- 
ported a yield for the year of 204,783 oz. from 214,595 tons ore milled and 
157,440 oz. from 381,668 tons sands treated in cyanide works, a total, after in- 
cluding the small amount of gold obtained from smelting and placer operations, 
of 366,431 oz., as compared with 454,679 in 1900. There was a falling off in 
the output from cyanide works of 80,495 oz., for which the decreased tonnage 
treated was accountable. Of the individual producers the Brilliant and St. 
George Gold Mining Co., the Brilliant Central, and the Day Dawn Block and 
Wyndham held the most prominent place, paying £156,000 in dividends. De- 
velopment work was carried out which should have a favorable influence on the 
future yield of the district. The operations at Glympie were very satisfactory, 
the output, 111,061 oz. from 112,100 tons of ore being the highest recorded. 
The dividend distribution was £201,722. The returns from the Croyden field 
showed a total of 72,593 oz. recovered from 2,677 tons of quartz and 21,513 
tons of residues. 
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South Australia.—The production of gold for 1901 was 21,939 fine oz., valued 
at $453,472, while the figures for 1900 were 25,713 fine oz. gold, valued at 
$531,498, showing a loss for 1901 of $78,026, which was due in large measure 
to the drought which was extended and severe over Australasia generally. Most 
of the gold obtained from South Australia continues to come from the mines 
owned and operated by the Chinese in the Northern Territory, and of the 1,304 
men engaged in mining in 1900 in that part of the country, 1,226 were Chinese. 

Tasmania.—The gold production for 1901 was 52,627 fine oz., valued at 


$1,087,800, showing a decline of 20,951 fine oz. ($433,057) as compared with the 


previous year. The largest mine in the colony is the Tasmania Gold Mining 
& Quartz Crushing Co., in the Beaconsfield district, which, during the year 
ending September 30, 1901, produced 33,434 oz. gold, valued at £127,157 from 
24,640 tons of ore. A marked falling off was noted in the returns for September, 
which was attributable to the exhaustion of tailings stocks undergoing treat- 
ment by the chlorination process. Forty head of stamps are being added to 
the present battery of 65, nearly doubling the crushing capacity. In the semester 
closing September 30, 1901, the Mount Lyell Mining & Railway Co. extracted 
135,511 tons of ore from its mines, which gave an average assay of 2°35% 
copper and 2 oz. silver and 0-065 oz. gold per ton. The amount of gold recovered 
from blister copper was about 10,000 oz. At the New Golden Gate mine in the 
Mathinna district, new ore bodies were found on the 1,000-ft. and 1,400-ft. 
levels, and it was decided to extend the main shaft to 1,600 ft. This district is 
second to the Beaconsfield in importance. 

Victorta.—The production of gold for the year 1901 was 743,467 fine oz., 
valued at $15,367,643 against a production for 1900 of 807,407 crude oz. 
(760,142 fine oz.) ($15,712,140), a decrease for the year in value of $344,677. 
On January 1, 1901, there were 29,410 men employed in gold mining, and 10 
hydraulic dredging plants in operation, while the 103 gold-dredging leases ia 
force occupied but 5,903 acres of the 100,000 acres available for alluvial work- 
ing in the State. While there are seven mining districts in Victoria, three of 
them—Ballarat, Bendigo, and Beechworth—produce nearly two-thirds of the 
total gold yield of the State. The gold recovered from quartz represents 67°2%, 
and that from alluvial deposits 32°8% of the whole. Victoria has continued 
its policy of road building, having added over 100 miles during 1900 at the 
expense of the State. 

Western Australia.—There was a general improvement in the gold mining 
industry from the unfavorable conditions prevailing in 1900, and the output 
showed a large gain. The total yield for 1901, as reported by the Govern- 
mental authorities, was 1,700,980 fine oz., valued at $35,159,257, against 
1,414,273 fine oz. ($29,233,035) in the preceding year, this being the highest 
figure yet recorded in the history of the Western Australian gold fields. The 
chief factors contributing to the large increase were the opening of several 
new mines, the extension of operations by the established enterprises, and the 
partial solution of the problem of dealing with the low-grade sulphide ores. 
Some progress was made in lowering the cost of ore treatment by the different 
companies, although this feature is not reflected in the dividend payments, 
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which were less than in 1900. The East Coolgardie field as usual held first place 
in respect of output, the Mount Margaret, Murchison, North Coolgardie, and 
Coolgardie fields following in the order mentioned. The Lake View Consols, 
Ltd., reports for the year ending August 31, 1901, show the tonnage treated by 
the Diehl process, introduced early last year, at 41,054, the product from which 
was 40,121 oz. in gold bullion, and 1,601 tons of concentrates containing 
21,217 oz. gold, which were treated at the Freemantle Smelting Works. The 
average costs during the time the Diehl process was in operation, without count- 
ing realization on concentrates, was 28s. 3d. per ton. In addition 160 tons of 
oxidized sands and 15,733 tons of oxidized slimes were treated early in the year, 
with a saving of 43, and 6,793 oz., respectively, which exhausted the supply of 
this class of material. The total output of gold for 1901 was 121,684 oz., ap- 
proximately, valued at £461,584, made up as follows: Furnaces, 53,251 oz. ; 
oxidized sands and slimes, 6,836 oz.; Diehl slimes, 40,121 0z.; Diehl concen- 
trates, 21,217 oz.; slags, 259 oz. ; total, 121,674 oz. Additions to the plant making 
a capacity of 12,000 tons of ore per month are contemplated. According to the 
report of the Great Boulder Perseverance Gold Mining Co., Ltd., in 1901, 
108,355 tons of ore and 32,240 tons of tailings were treated, yielding gold valued 
at £487,733, as compared with £160,368 the previous year, extracted from 42,297 
tons of ore, and 25,990 tons of tailings. The costs per ton at the sulphide plant 
have been reduced from 34s. 11-5d. in 1900, to 24s. 10°5d. in 1901. At the annual 
meeting of the company it was decided to charge off the whole cost of the plant, 
£161,390, which allowed £8,224 to be carried forward. In development £31,977 
was spent during 1901, against £28,338 for 1900. The main shaft has now 
reached a depth of 1,000 ft. The Great Boulder Proprietary Mines Co., Ltd., 
has proved its ore body for a total depth of 1,300 ft., or 200 ft. below sea level, 
which is the greatest depth thus far attained in Western Australia. During the 
fiscal year ending August 31, 1901, 54,887 tons of ore was treated, with a 
saving of 115,909 oz. of gold. An interim report for 1900 shows a net profit 
of £250,139 during the year, from which sum must be deducted a total taxation 
of 10% from the English Income and Australian Revenue taxes. The expendi- 
ture was greater during the year, owing to the introduction of the new sulphide 
plant and the larger amount of slimes treated and handled. The Ivanhoe Gold 
Corporation announced early in 1901 that no dividends would be paid at present, 
owing to the necessity of holding cash on hand for expenditures in development 
and to maké provision for the installation of a new sulphide plant. In 1900 
this company treated 74,750 tons of ore, yielding 107,052 oz. gold, an average 
of 1:43 oz. per ton treated. The plant of the company includes 61 stamps, 16 
leaching vats of a capacity of 80 tons each and 4 filter presses. In 1900 the 
Golden Horseshoe Estates, Ltd., treated 76,532 tons of ore which yielded 
132,863 oz. of gold, an average of 1°73 oz. per ton treated. The equipment of 
this plant includes 55 stamps, 29 leaching vats of a capacity of 70 tons each, 
and 9 filter presses. The Pendinnie Gold Mines, Ltd., was organized late in 1900 
to take over five leases on an area of 84 acres in the Yerilla district, from the 
London & Hamburg Gold Recovery Co., Ltd., the owner of the Diehl sulphide 
process. The Diehl process seems to have scored a decided success in the Kal- 
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goorlie district, the costs of treatment per ton of ore have been reduced in a 
number of instances, and familiarity with the details of the process has revealed 
few problems for future economies. The percentage of concentrates (10 to 12%) 
produced compels a subsequent smelting process, in which gold losses may occur, 
but in general this process appears to have successfully solved the problem of 
treating the refractory telluride ores. The successive steps of the Diehl process 
are: Wet-crushing and amalgamation of free gold, concentration and subsequent 
separation of the sands and slimes, regrinding the sands until both sands and 
slimes will pass a 120-mesh screen ; agitation of the slimes with bromo-cyanogen ; 
and finally, filter-pressing, to recover the solution. The ores are crushed and 
amalgamated in stamp batteries, concentrated on the ordinary wet-concentra- 
tion tables, and the sands are re-ground in tube mills. The lowest cost so far 
claimed for the process is 21s. per ton of ore treated which of course includes 
plant management, etc., and the greatest recovery claimed is 97% of the gold 
content of the ore. A further account of this process will be found under the 
caption “A Review of Progress in the Cyanide Process during the Year 1901” 
elsewhere in this volume. 

New Guinea.—A German company has received a concession for the explora- 
tion of a large extent of territory in Kaiser William’s Land which is thought to 
be gold bearing. In British New Guinea there are placer deposits that yield a 
small amount of gold annually, the export during the fiscal year 1899-1900 
amounting to 9,256 oz., valued at $162,390. On Woodlark Island discoveries 
of a gold-bearing formation have been made and a 20-stamp mill to treat the 
ore is now in course of erection. 
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PROGRESS IN GoLD MILLING DURING 1901. 
By R. H. RICHARDS. 
GoLp MILLING. 


The Bryan Mill—D. W. C. Nelson states that the Bryan mill has saved as 
much as 75% inside the mill, the principal part of the amalgam collecting 
in the eddy between the die and the central cone. The mill has an advantage 
over stamps in that it does not slime the ore, which assists the subsequent concen- 
iration. The capacity of the mill is from 5,000 to 8,000 tons of Baker County 
(Oregon) pyritic ores with one set of wearing parts; and with hard ore a 5-ft. 
mill will crush in 24 hours as much as ten 850-lb. stamps. With these ores best 
work was done with the No. 8 slot Russia iron screen. 

Huntington Mills.°—The original form of the Huntington at the North 
Boulder mill, West Australia, showed a gold yield of about 78%. The capacity 
of a 5-ft. mill is from 13 to 14 tons per 24 hours; the screens are No. 40 diagonal 
slot without buhr; the mill makes from 65 to 70 revolutions per minute, uses 
700 gal. of water per hour, and is charged with 70 lb. of mercury. At the Great 
Froulder mill the mercury loss is from 0°425 to 0°470 oz. per ton of ore treated. 

Tremain Steam Stamp.—Lxperience shows that a steam stamp of this type 
in 24 hours will pulverize from 10 to 15 tons of ordinary gold quartz to 40-mesh. 
The power varies from 7 to 10 H.P., depending upon the speed at which the 
stamp is run. The water required for the mill and boiler is 800 gal. per hour, 
or better, 1,000 gal. if sufficient can be had. The screen area is 450 sq. in. as 
against 475 sq. in. of a battery of five gravity stamps. A recent installation of 
eight Tremain stamps has been made.* A comparison of power and capacity shows 
a steam stamp mill of eight stamps is equivalent to 40 gravity stamps. 

Prospecting Steam Stamp Mill.A—A mill of three 40-lb. stamps, dropping 250 
times per minute, is capable of crushing about 4 tons of quartz per day. The 
entire outfit complete, with boiler, plates, etc., without the road carriages, weighs 
about 7,100 lb., and costs about $1,250. At the Coolgardie Exhibition, in 1899, 
this mill crushed 50 tons, averaging 4°07 tons per 24 hours; 83°5% of the gold 
content was saved by amalgamation. 

Snodgrass Pulverizer and Concentrator.—This apparatus, made by 8. K. Snod- 
grass, Denver, Colo., is used to save gold, and consists of the following parts ar- 
ranged in series: (1) a horizontal iron trough 26 in. in diameter and 18 ft. long; 
(2) a revolving screen; (3) a second trough 26 in. in diameter and 12 ft. long. 
In each trough is a strong revolving shaft to which are attached projecting teeth 
of white iron arranged spirally, their action being to disintegrate the material 
end to carry it forward at the same time. The revolutions per minute are from 
150 to 250 for the first shaft, and from 300 to 500 for the second. A space of 
xbout 4 in. between the ends of the teeth and the bottom of the troughs fills up 
with sand and gravel, and it is claimed that the free gold settles. The ore fed 
at the end of the first trough passes through and leaves some of the gold in the 
ee aes Or ae of the American Institute of Mining Engineers, Vol. XXX., 1901. 

2 A.G. Charleton, Engineering Magazine, Vol. XXTI., 1901, p. 405. 
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4 Feilden’s Magazine, Vol. V., 1991, p. 167. 
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bottom. Thence it falls into the screen and the coarse material is removed and 
sent to the dump; the fine material undergoes a second treatment in the second 
trough. The machine has been used successfully in Colorado. 

Foundations.°—It is claimed that a rock foundation is not necessary for 
stamp mills, as one of concrete has been used successfully. Attention is called 
to the following points of this style of foundation: (1) the foundation pit should 
be sufficiently deep to allow the material at the bottom to become homogeneous ; 
(2) allow 25 sq. ft. at the base for five stamps, and 60 sq. ft. for 10 stamps; 
(3) use best Portland cement and concrete of four parts clean sand, two parts 
broken granite, one part Portland cement; (4) the concrete foundation should 
be not less than 30 in. thick; (5) finish off with one part sand’ and one part 
cement. 

Battery Construction.-—Mr. C. G. Warnford Lock calls attention to the diffi- 
culty encountered in the removal of worn-out mortar boxes caused by the rusting 
of anchor bolt nuts, and suggests that the anchor bolts, instead of traversing the 
mortar blocks, should occupy shallow recesses cut in their surface, and should be 
looped at the lower ends to encircle a short length of 1°5-in. iron pipe which is 
driven into an auger-hole extending through the blocks from front to back. 
During five years’ wear in a battery with weak foundations and excessive vibration, 
this anchorage gave entire satisfaction and afforded every facility for mounting 
and dismantling the boxes; the same principle may be applied to concrete blocks. 

Iron Guides.—As a result of several years’ experiments by Mr. Robert Can- 
ning’ a simple cast-iron box was adopted which was turned true in a lathe and 
finished with a perfectly smooth wearing face. A guide so made lasted for three 
years without repairs. The stems never became even warm to the touch, while 
with wooden guides they were always quite hot; the consumption of lubricant is 
reduced more than half. 

Power Required by Stamps.—Mr. A. W. Warwick* gives in detail the formule 
necessary for calculating the power required by stamps. Previous formule for 
calculations did not come within 30% of the actual power used, probably because 
the inertia of the stamp was not considered. By allowing for this factor, results 
ean be obtained which check within 2°5% of the actual power used. Courtenay 
de Kalb® has found that 32% is the average amount of ore, under ordinary work- 
ing conditions, that passes through a 100-mesh sieve after crushing in a stamp 
mill. He advocates increased amalgamation inside the mortar and thinks it a 
good rule not to allow 60% of the amalgamable gold to escape through the screen. 
The adoption of a positive ratio would seem impossible; if the gold was very 
coarse, the ratio would come higher than that advised by Mr. de Kalb, and if 
very fine, it would be impossible to reach. 

Electro-Silvered vs. Plain Copper Plates.—Mr. Jas. R. Cooper’? raises the point 
that Mr. Halse’s"! tests were not convincing because the grade of copper was not 


5 Mining and Scientific Press, Vol. LXXXII., 1901, p. 95. 

6 Institution of Mining and Metallurgy, Vol. TX., 1901, p. 310. 

7 Ibid., p. 312. 

8 Mining and Scientific Press, Vol. LXXXII., 1901, p. 108. 

® Journal of the Canadian Mining Institute, Vol, 1V., 1901, p. 190. 
10 Engineering and Mining Journal, Vol. LXXT., 1901, p. 330. 
11 A paper read before the Institution of Mining and Metallurgy, Vol. IX., 1900, p. 155. See also THE 
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stated. The chief impurity of commercial copper is oxygen, and it is the belief 
of Mr. Cooper that a deoxidized copper plate can be made which will be equally as 
good as a silver-plated copper plate. 

In reply, Halse’? states that while no analysis of the copper plate is available, 
it was of good quality, being that commercially known as “brazier’s copper.” ‘The 
annealing was carefully done, and the whole surface of the plate scoured to bright 
copper before amalgamating. He thinks that the staining was not due to impuri- 
ties in the original copper, although he is unable te give positive proof. 

Water Economy.*—This factor is very necessary in stamp milling in the arid 
districts of the Southwest. The two common methods are the dam and reservoir 
and the settling tanks; the former will save about 50% of the water, while the 
latter saves about 85%. A useful device for a coarse concentrating mill is an old 
jig fitted with a fine screen of coarse wire: all compartments are thrown into one 
and the plungers are fitted with a simple valve which partially exhausts the air 
from below the screens; the tailings and water are led to the jig, the water being 
sucked into the hutch, while the tailings are removed by a screw conveyor to a 
conveying belt and thence to the tailings pile. 

A statement of the amount of water used to mill a ton of ore in different mills 
is made in the following table. Owing to the varying conditions any comparison 
will be approximate. 
ep ee Lost 
Name and Locality Capacity Mothod of Saving Water. i BROT Roce ACA SuROMAD Rae kod 

of Mill. per Day. Saving With Saving. Without Saving. 


Yellow Aster, California. 7320" Settling pond oe 
Tennosscs, Arizons Settling tanks emptied by shoveling. 
Pinos Altos, New Mexico Settling pond 

Lake View 50-Stamp Battery (West Australia).—According to A. G. Charle- 
ton,'* ore is crushed by a Gates breaker at the shaft, and conveyed by a rope tram- 
way to the mill. The 900-lb. stamps drop 6 in. 90 times per minute, and are fitted 
with gib tappets; in 1898 the duty per stamp per day was 4 tons. Gold is caught 
on amalgamated copper plates and canvas tables and the tailings are cyanided. 
The cost per ton in 1898 was 10s. 1°2d. ($2°46) ; and in 1899 it was 6s. 10°463d. 
($167). 

The Morro Velho Stamp Mill, Brazil.1°—This mill has 120 stamps fitted with 
double discharge mortars. The stamps weigh 800 lb., and drop 8 in. from 80 
to 85 times per minute; 60-mesh corrugated screens are used. The pulp after 
leaving the amalgamated plate passes to a distributor, thence to straking and 
automatic washing area. About 80% of the gold is retained on the plates with 
the richest pyritic sand, which, after further concentration passes to steel amalga- 
mation barrels lined with wood. Each barrel contains 2°7 tons of concentrates 
which is charged with 50 lb. of mercury and a certain quantity of water; amal- 
gamation is complete in about 12 hours; the extraction averages 70% of the 


12 Engineering and Mining Journal, Vol: LXXII., 1901, p. 464, 
13 Engineering and Mining Journal, Vol. LXXII., 1901, p. 225. 
14 Jbid., p. 405. 
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assay value of the ore. The barrels discharge to separators, and the sand goes 
to the so-called “Oxygen Process,” which extracts from 70 to 80% of the remain- 
ing gold content. 

Gold Milling Practice at the Athabasca Mine, Nelson, B. C.1*—The ore carries 
free gold closely associated with blende and galena. Ten 980-lb. stamps drop from 
5 to 8 in. from 80 to 115 times per minute; the height of discharge is 6°5 to 
11°5 in. ; a diagonal slot punched screen is used. With new dies a 50-mesh screen 
is used, after 30 days a 40-mesh, and when dies are well worn down a 30-mesh. 
This is done because inside amalgamation is desired, the level of discharge being 
maintained constant and the increased height of discharge is compensated for as 
the dies wear down. The maximum crushing capacity is 2:33 tons per stamp per 
day. Inside amalgamation yields from 30 to 45% of the bullion, as against 20% 
from the outside lip and apron plates. Outside plates are dressed five times every 
24 hours, and the amalgam is removed from the apron plate every two days; the 
lip plates are cleaned and the mortar opened and cleaned of refuse every sixth 
day ; the inside amalgam is removed during the monthly clean-up. The total time 
lost from monthly clean-ups aggregated eight days and 17 hours in one year. 
The pulp from the plates is sized in a cone sizer, the coarsest product goes to a 
4-ft. corrugated belt vanner, the three other sizes are treated on separate 6-ft. 
plain belt vanners. The tailings are cyanided. 

Cheap Gold Milling at Chiapas, Mexico.‘\—The ore is soft and of low grade, 
averaging in value 0°2 oz. per ton of 2,240 lb. It is crushed in a 10-stamp battery 
with 750-lb. stamps dropping 5 in. 100 times per minute ; a 40-mesh screen is used, 
and there is no inside amalgamation. The extraction averages 30%, due to the 
fact that a portion of the gold is covered with iron oxide. The cost of milling 
is 17-6c. per ton of 2,000 lb., not including power—the whole mill being driven by 
water power. 

Treatment of Auriferous Mispickel Ores at Deloro, Ontario.12—The ores are 
generally quartz, more or less heavily impregnated with arsenopyrite, occasionally 
with copper pyrites and frequently with large percentages of pyrites. At the 
shaft-house the ore passes to the grizzlies; the oversize is sorted, the white quartz 
being returned to the mine, where it is used as stope filling, and the remainder, 
with the undersize, passing to the mill. The stamps are 20 in number, each 
weighing 850 lb. ; the height of discharge is from 6 to 8 in.; 10 old stamps drop 
from 7 to 8 in. 100 times per minute, and have a capacity of 3 tons per stamp per 
day; 10 new stamps drop from 6 to 7 in. 110 times per minute, and have a 
capacity of 4 tons per stamp per day. A 40-mesh buhr slot screen is used, which 
lasts from 10 to 18 days. Inside amalgamation averages 20% of the assay value 
in gold. Heavy silver plating, 4 oz. per sq. ft., is best for this ore. Inside and 
outside amalgamation saves on an average 57% of the assay value. From the old 
10 stamps the pulp goes to two corrugated belt vanners, thence to classifiers, the 
three products of which are treated on smooth belt vanners. The tailings average 
from 2 to 2:5% of the original gold content, and 0°5% of the original mispickel 
content of the ore. The pulp from the new 10 stamps passes to two Wilfley tables, 


16 Journal of the Canadian Mining Institute, Vol. IV., 1901, p. 83. 
17 Transactions of the American Institute of Mining Engineers, Vol. XXX., 1901. 
18 Journal of the Canadian Mining Institute, Vol. IV., 1901, p. 113. 
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thence to a classifier, producing coarse sand, which passes to a Bartlett table, 
the overflow passes to the three-compartment classifier. All concentrates are 
treated at the leaching plant by the bromo-cyanide process, and are calcined after- 
ward for the arsenic content. 

Improved Amalgamation Process.1°—The object of the process is to increase 
the percentage of extraction of gold by amalgamation by passing ammoniated air, 
mixed with either chlorine or bromine into the wet pulp. A number of tests have 
been made at the testing works of Henry E. Wood, Denver, Colo., and in all cases 
an increase in the amount of gold extracted by amalgamation was obtained. At 
a test made at the Anderson mill at Idaho Springs, Colo., with gold ore contain- 
ing $10 per ton, the ordinary tailings showed a value of $4 gold per ton, while 
the tailings of the ore treated with ammonia gas showed a value of $1°80 per ton. 
It is presumed that Mr. Wood has obtained his results by weighing the increased 
bullion obtained and not by the assay of tailings. Otherwise the gain might not be 
proved. 

Crown Mountain Mill, Georgia.*°—At this mill four giants are used for break- 
ing down saprolite carrying free gold. The detritus from hydraulicking along 
with the broken ore from vein mining is transported to the mill by a sluice which 
in one place is cut, the continuing section being dropped. 4 ft.; grizzlies with 
0-7%5-in. spaces are introduced at this point. The undersize continues with the 
water and goes to settling bins for subsequent treatment in Huntington mills. 
The overflow goes to a Frazer & Chalmers gravel-pan designed to catch any fine 
gold that may have passed the riffles in the sluice. The oversize from the flume 
grizzlies falls into bins, and is trammed to the mill breaker, a Dodge, thence to the 
battery bins. The stamp mill consists of 10 batteries of five stamps each. The 
pulp passes over silver-plated copper plates, thence to Wilfley tables ; the Hunting- 
ton mills are also equipped with plates and Wilfley tables. 


Goup DREDGING. 


Dredging Practice at Oroville, Butte County, Cal.?—This practice is discussed 
in detail by G. P. Grimsley. Four types of dredges are in use in California: 
(1) Risdon, (2) Bucyrus, (8) Urie, and (4) Marion. 

The Risdon Dredge consists of a strongly framed hull of Oregon pine, in which 
the machinery is housed; at the forward end is the ladder consisting of a heavy 
lattice girder on which runs the endless chain elevator carrying buckets of from 
3 to 5 cu. ft. capacity; the buckets have renewable nickel-steel lips. The belt 
travels over a square-top tumbler, and is driven from a train of gears and one 
belt from a 50-H.P. induction motor taking a tri-phase current at 1,000 volts; 
25 H.P. is consumed when dumping 12°5 buckets per minute, giving a capacity 
of 150 cu. yd. per hour. The material from the buckets goes to a delivery plate, 
thence to a revolving screen, 4 ft. in diameter, 24 ft. long, perforated with 0°75-in. 
holes. The oversize goes to a stacker (bucket elevator) at the stern of the boat, 
which, together with the screen, is driven by a 20 H.P. induction motor. The 
undersize from the screen goes to a distributing box and over 300 sq. ft. of tables 
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made of cast iron covered with cocoa matting and expanded metal riffles. Most 
of the gold is caught in the first 9 in. The overflow goes to a sluice-box containing 
angle-iron riffles. Water is supplied by two centrifugal pumps requiring 30 H.P., 
one delivering 2,000 gal. per minute through a perforated pipe into the screen, 
and the other supplying the various grizzlies and the distributing box. 

The Bucyrus Dredge is of the continuous bucket type, equipped with buckets of 
3, 5, and 7-5 cu. ft. capacity. There are two types, single and double lifts. In 
the former the gravel is elevated in one lift sufficiently high for subsequent opera- 
tions, while in the latter, the fines from the revolving screen are re-elevated by 
a centrifugal pump to the gold-saving tables. A crew of two men per shift and 
200 H.P. are required on a 5-cu. ft. bucket machine. A double lift dredge on a 
six months’ run averaged 2,200 cu. yd. per 24 hours, including all shut downs. 

The Urie Dredge is of the endless chain belt type, with buckets of from 3 to 
4 cu. ft. capacity, fitted with an automatic feed device by which they may be en- 
tirely or only partially filled. A dredge of this type with a capacity of 
1,500 cu. yd. per day is driven by six independent steam engines using steam from 
two 50-H.P. boilers. 

The Marion Dredge is of the dipper or steam shovel type, with dippers of from 
1:25 to 2°5 cu. yd. capacity. The 2°5-cu. yd. machine is run by a 100-H.P. motor; 
the screens and side conveyor require a 10-H.P. motor; the tailings stacker re- 
quires a 10-H.P. motor; and the pumps require a 30-H.P. motor, making a total 
of 150. P. 

The costs of dredging gravels on the Feather river range from 4 to 12c. 
per cu. yd. Twenty-five companies operate 26 dredges, and eight more are 
ordered. Of those in operation at the end of the year, 14 are Risdon, three are 
Bucyrus, three are Marion, two are Urie, and three are steam shovels. The esti- 
mated cost of a 5-cu. ft. bucket dredge is about $25,000, which will work about 10 
acres of gravel 30 ft. deep per year. Prospecting of gravel beds in California is 
now done almost entirely by Keystone drills. 

The Nome District.22—The non-success of dredging in the Nome district has 
been due partly to severe climatic conditions and partly to machines unsuited. to 
the conditions. The ground adapted for dredging is in narrow water channels. 
A contributing cause of failure in beach dredging has been the heavy surf. 

The Knott dredge, which has been successful on canal work, is to be tried. 
This type of dredge has the advantage of being able to swing the ladder through 
180° without moving the hull; this adapts it for waterways no wider than the 
hull. The lower drum over which the buckets pass has no guide flanges, but is 
equipped with an automatic device, so that when an obstruction is encountered 
the drum rises, and after the obstruction is passed it adjusts itself automatically. 

New South Wales.2:—In this State the inclined tables receiving material passed 
through the trommel, are covered with cocoa-matting, upon the top of 
which wire netting or expanded metal netting,—the latter is made of wrought 
iron,—is placed, and forms riffles to catch the gold. To collect the concentrates 
ihe cocoa-matting from the first table is rinsed in a box of water every night, and 
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those from the other tables once a week. The washings, or concentrates, are then 
treated in a “streaming-down box” and the gold separated from the worthless 
material. 

The New Zealand Bucket Dredges.—A. C. Perkins** describes the types now 
in use. They differ but little from the American or Australian prototype; the 
gold saving appliances also are similar. Under favorable conditions costs run as 
low as 1°6c. per cu. yd. When working in unfavorable ground engine diagrams 
taken showed a variation in load of from 45 to 70 H.P. in three revolutions. 

An Aid to Gold Dredging.?*>—This consists of an addition to the standard 
dredge of a pneumatic tube which may be raised or lowered through a depth of 
65 ft., the lower mouth of the tube is placed on bed rock and the water expelled 
by compressed air. The tube is large enough to carry a track-way on which runs 
a track for hoisting boulders and bed-rock cleaning. The lower end of the tube 
is enlarged to allow men to work, and the upper end has the customary air-lock 
entrance. 

Pelton Wheels.?°—Water-wheels of this type have been substituted for steam 
power on the Consolidated dredge operating at Waipori, New Zealand. They have 
proved a complete success. 

Method of Saving Fine Gold of Snake River, Idaho—Mr. Wm. H. Washburn?? 
describes some of the methods out of which have been evolved the processés now 
most successfully used for saving the fine gold of the Snake river. For many 
years a modified form of the rocker was used, usually of sufficient size to have 
burlap and silver-plated copper plates, the latter being placed in the bottom. 
Later thé so-called “beach machine” found much favor, as it did not require mo- 
tion; it consists of a sheet-iron screen set at an angle of from 25° to 30°, having 
below at a reduced angle a silver-plated copper plate, which catches most of the 
gold; the material passing from it is conducted to a table or sluice to catch the 
rusty gold. Much of the mining on a small scale is now done by these or similar 
machines. Another device is to cover the bottom of a sluice 6 to 12 in. wide with 
Canton flannel over which is placed a stout wire screen with 0°25-in. holes; the 
sluice should be cleaned often enough to prevent loss of black sand which is ac- 
companied with gold. 

In September, 1899, with coal at $7°50 a ton, a dredge was operated at 3c! 
per cu. yd., not including wear and tear. 

After reviewing the results of the methods used at Snake river, Mr. Washburn 
concludes: “First, the sand should be screened to as near the size of the coarsest 
particles of gold possible; second, to save all the gold the black or other heavy 
sand should be saved with it; third, it is necessary to scour the gold in the con- 
centrates by some form of grinding. With these principles carefully and intelli- 
gently carried out there seems no reason why the percentage of pe saved should 
not be as high as 90%, or even 95%.” 
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A REVIEW oF PROGRESS IN THE CYANIDE PROCESS DURING THE YEAR 1901. 
By J. S. C. WELLS. 


THE cyanide process has made very decided progress during the past year, 
especially in the United States and in Canada. A large number of plants have 
been erected, some being of considerable size, notably the new Homestake plant, 
with a capacity of 1,200 tons per day and the Smuggler-Union plant of 600 tons 
daily. 

The slimes problem seems to have been very successfully solved in several 
works, the process used in almost all cases being some modification of agitating 
and settling. 

A good example of dry crushing and slimes treatment is that of the Cochiti 
Gold Mining Co., of Bland, N. M., a description of which was given in the 
Engineering and Mining Journal, January 19, 1901. A few mills using wet 
crushing with cyanide solution in the mortars are in operation and the results 
are said to be satisfactory. 

No improvements in the precipitation of gold and silver from cyanide solu- 
tions have been developed and in this country the process of precipitation with 
zinc shavings appears to be the favorite, although zine dust is being used suc- 
cessfully by several large mills. The Waldstein or De La Mar patent covering 
the use of the latter substance has been declared invalid by the United States 
District Court of Idaho, and it is probable that the use of this method will 
increase, for it has some decided advantages over zine shavings, yielding a much 
finer bullion and at no greater cost; furthermore the precipitation seems to be 
rapid and complete. The chief difficulty is in making it a part of a continuous 
process. The following mills treating in all over 3,000 tons per day are using 
zinc dust for the precipitation of the gold: Homestake Mining Co., South 
Dakota; Montana Mining Co., Montana; Republic Mining Co., Washington; 
De Lamar Mining Co., Idaho and Nevada; Chainman Mining & Electric Co., 
Nevada, and the Consolidated Mercur Co., Utah. The price of zine dust is $6 
to $7 per cwt., and the amount used is from 6 to 9 oz. per ton of solution. 

The progress of cyaniding is summarized by States as follows :— 

California——The California King Mines Co. has recently contracted for a 
4,000-ton mill at Picacho, 20 miles north of Yuma, Ariz. The ore will be 
crushed by rolls to 20-mesh size and treated in 10 cyanide tanks 40 ft. diameter 
and 5 ft. deep. After leaching, the tailings will be sluiced through bottom gates. 
The Golden Cross mines have a 140-stamp mill and large cyanide plant at Hedges, 
25 miles northwest of Yuma. The Standard Consolidated Mining Co., at Bodie, 
treats ores containing so much clayey matter that about 45% run off as slimes. 
The process now in use is as follows: There are two tiers of vats and the tailings 
from the mill are run directly into the upper ones, from which the slimes 
overflow and run into settling ponds. During the year ending February 1, 1901, 
10,067 tons (dry weight) of sands were treated, the extraction being 89°8% 
gold, and 41°8% silver. The consumption of cyanide was 1°65 lb., zinc 0°79 Ib., 
lime 8°7 lb., per ton. The slimes of which, 5,878 tons (dry weight), were 
treated, are after settling and drying, mixed with a certain percentage of leached 
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sands and treated in the usual way. ‘The extraction is 80°3% gold, 75'9% 
silver. Cyanide used 0°9 lb., zinc 0°64 lb., lime 7-78 lb. 

The following mines are reported as having erected cyanide plants during 
the year :— 

Calaveras County.—Keystone, 20 tons, and Calaveras group, the capacity of 
the latter is said to be large. 

Eldorado County,—The Vandalia mine, 400 tons. 

Kern County.—At the Exposed Treasure and St. John’s mines, small plants. 

Mariposa County.—The Hite mine, 100 tons. 

San Diego County.—The American Girl mine, near Ogilby, 200 tons. The ore 
is crushed by Cornish rolls. 

Trinity County—Headlight, 200 tons, and Golden Jubilee, 20 tons. 

Tuolumne County.—At the Eagle-Shawmut and Densmore, new plants. 

Shasta County.—Mount Shasta Co., 50 tons. 

Siskiyou County.—Golden Jubilee, 50 tons. 

An example of what may be done by coarse crushing is given in the Cummings 
mine, near Callahan’s, Siskiyou County. The gold in the ore is in an extremely 
fine state of division and by amalgamation yields only from 13 to 17%. The 
dry crushing plant which was installed was discarded after several months’ 
trial, owing to the large amount of fines produced making the pulp so slimy 
that it could not be leached. It was then decided to try. leaching the ore after 
it had been crushed to pass a grizzly set with bars 1 in. apart; the greater part 
of the material however was 0°25 in. or finer. The consumption of cyanide was 
0°5 lb. per ton of ore and the time of treatment was from 72 to 90 hours, giving 
an extraction of 80%. The ore is oxidized iron pyrites. 

Colorado.—The Smuggler-Union Mining Co. has a mill under construction 
which will treat 600 tons of tailings per day. The process will be similar to 
that used at the Liberty Bell, having the collecting vat placed above the leach- 
ing vat, using zine precipitation, ete. 

The new Dorcas pneumatic cyanide mill at Florence has a capacity of 120 
tons per day. The ore averaging $20 in value passes through crushers and coarse 
rolls to the sampling room, thence through a revolving dryer and through two 
sets of finishing rolls which crush it to 24-mesh size. The finely crushed ore is 
then roasted in a Holthoff-Wethey furnace, the product passing to the leaching 
tanks. Six tanks 30 ft. in diameter, 4°5 ft. deep, are fitted with air pipes in the 
bottom for the introduction of air during the leaching. The air is supplied at 
a pressure not exceeding 5 |b., about 1 cu. ft. of air per minute to each ton of 
ore being sufficient for agitation and oxygenation. The treatment generally lasts 
five days and leaves a value of about $1 per ton in the ore. The residue is then 
sluiced out and concentrated on Wilfley tables. - The tailings after this treat- 
ment average about 40c. per ton. The tanks are filled by a conveyor, and as 
soon as the bottom of the tank is covered with pulp a solution containing 
10 Ib. KCN per ton is run in gradually, the pulp at the same time continuing 
to flow in until the tank is full. The air is then turned on gradually and is 
kept on until the pulp shows an extraction of at least 90%. This generally 
requires about 30 hours. Whenever the air comes up unevenly through the 
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charge the ore has to be stirred by men with iron rods. The air is then shut. off 
and the pulp allowed to settle for one hour. Percolation is then begun and 
the strong solution run off as quickly as possible, followed by a weaker one of 
5 lb. KCN per ton. The operation is continued until the tests of the solution 
show only traces of gold. Water is then added to displace the KCN solution. 
The loss in cyanide is stated to be less than 1 lb. per ton. The dust resulting 
from the dry crushing is collected and treated with cyanide, without previous 
roasting. From dust assaying $5120 per ton the tailings contained 80c. per 
ton. It is added to the roasted ore in the leaching tanks, 3 tons to each tank 
spread evenly on top of the charge. 

The Peck cyanide mill treated Smuggler-Union and Marshall Basin tailings, 
and during the year its capacity was increased from 100 tons to 200 tons per 
day. 

A number of small plants have been erected and operated during the past 
year in various sections of the State. 

Dakota—(By Charles H. Fulton.)—The condition of the industry 1s very pros- 
perous, and the process is the dominant factor in the development of the Black 
Hills. The ores treated, with the exception of the Homestake tailings, are mainly 
of the siliceous Potsdam variety. This is quartzite carrying from 2 to 6% 
pyrites in the unoxidized ores. Considerable of the ore is oxidized and is the 
simplest to treat. But a very small percentage of the values in these ores are 
free milling. The unoxidized or pyritic ores, are known locally as “blue ores” 
from the bluish cast of the quartzite. In the Ragged Top district (Preston) 
where the Spearfish Gold Mining Co.’s plant and the Deadwood Standard 
Co.’s plants are located, the ores occur in the Carboniferous, and are mainly 
a siliceous limestone. The gold seemingly occurs on the cleavage planes of the 
rock in very fine films, allowing of very coarse crushing. The Potsdam ores, 
while all of the same general nature and appearance, are still widely different 
as regards the occurrence of the gold in them. Some have the gold on the 
cleavage planes, as in the limestone, as at the Wasp No. 2 cyanide plant on 
Yellow Creek, while others, as from Portland and Bald Mountain, have the 
values very finely disseminated, requiring very fine crushing. This explains 
the wide difference in the design of plants in the district. A few of the quartzite 
ores at Yellow Creek carry some antimony in the form of stibnite, however, not 
sufficient to cause difficulty in cyaniding. F. C. Smith considers tellurium as 
being often present in the Potsdam ores; if this be so, no attention has yet 
been paid to it in cyaniding. So far, all the ores cyanided are treated raw, 
although one of the new mills is installing a roasting furnace to treat the 
more refractory “blue ores.” 

Two methods of cyaniding, exclusive of the Homestake type, are in vogue: 
(1) Dry erushing by rolls, cyaniding the resulting pulp; and (2) Wet, fine 
crushing by stamps with cyanide solutions, separating the crushed product into 
sands and slimes by means of settling boxes, leaching the sands in the usual 
way, and treating the slimes by agitation and decantation. 

Agitation is obtained by pumping from one tank to another by means of a 
sand or centrifugal pump, similar ty the New Zealand practice. The crushing 
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by rolls in the dry mills varies much in fineness, some of the mills crushing 
to pass a 6-mesh screen, while others crush to pass a 16 to 20-mesh screen. This 
is necessitated by the dissemination of the gold. There are two mills using 
the wet crushing method, one the plant of the Dakota Mining & Milling Oo., 
at Deadwood, and the other the Portland mill at Gayville, 2 miles from Dead- 
wood. The rest of the mills in operation, as well as those in the course of 
construction, with the exception of the Homestake tailings plants, are dry 
crushing. 

The Homestake Co.’s 1,200-ton tailing plant at Lead takes the tailings pulp 
from the Golden Star, Eighty, and Highland stamp mills. The pulp is conveyed 
to the cyanide plant in a 10-in. cast-iron pipe. On its way it passes through 
the classifier house, where some of the slimes are separated by means of eight 
large sheet iron cone-shaped classifiers. These cones have no upward or rising 
current, but as the ore pulp is charged by pipe at the center, the sands 
settle to the bottom and are discharged, while the slimes overflow at the 
periphery. The sands are then carried to the cyanide plant, where they are 
fed to seven additional cones and treated as above described. The slimes over- 
flowing at the periphery are again discarded, while the sands are discharged 
to 4-compartment jigs of the Harz pattern, which act as classifiers. One cone 
feeds four jigs. The jigging is done on beds of pyrites concentrates, relatively 
coarse screens being employed, except in the last compartment. The stroke 
varies in the different compartments from 07125 in. to about 0°5 in. The last 
compartment is widened out in order to accommodate the increased amount 
of discharge water, the overflow from which carrying the slimes is discarded. 
The continuous hutch discharge is taken by open launder to the revolving pipe 
distributors, which fill the leaching tanks, the peripheral overflow of the tanks 
still carrying off slimes. Lime in the form of an emulsion is added to the 
pulp launder which takes the jig discharge. There are 14 leaching tanks, 45 ft. 
in diameter, 9 ft. deep, of California red-wood, placed seven in a row, with one 
revolving distributor of the Butters type for each row, being moved from tank 
to tank by overhead track, as required. To get an even overflow at the periphery 
of the tank, the top of the staves are grooved to a depth of 0°5 in., and a soft 
pine tongue is inserted projecting from 0°5 to 0°75 in. above the top of the staves 
and a perfect level can be maintained by planing. It is the object to charge as 
much slime with the sands as possible and still leach in a reasonable time. 
For this purpose the adjustments are made on the jigs and distributors. The 
value of the pulp as it leaves the stamp mills is from $1°25 to $1:50 per ton. 
The amount crushed in the mills approximates 2,000 tons per day, while the 
cyanide mill treats about 1,200 to 1,300 tons per day. The difference, or 700 
tons, is discarded as slimes which, while carrying considerable value, cannot be 
treated in the condition they are in. The proportion of slimes separated is 
about 35%. The sands are leached directly in the filling vats. Precipitation 
is carried on by zinc dust in five tanks 25 ft. in diameter, and 20 ft. deep, of 
California red-wood. The bottoms are inclined to one side, where a small sump 
is provided in order to drain the tank perfectly. The solutions drain from 
the leaching vats directly into the precipitating vats. The precipitation vats 
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are pumped out by duplex Prescott pumps, the solution going to filter presses 
made in the Homestake shops. The pulp treated by the mill is of a highly 
siliceous nature, often however, carrying some hornblende, the sulphides being 
mainly pyrite and pyrrhotite. The extraction is about 90% at a cost of 
45 to 50c. per ton of material treated, probably nearer the latter figure. 

The Dakota Mining & Milling Co.’s recently constructed wet crushing plant 
at Deadwood is of 60 tons’ capacity. The ore from the Portland and Bald 
Mountain mines is the usual quartzite, with values very finely disseminated, 
which is crushed rough in a No. 2 Gates gyratory crusher, and passes to the 
storage bin, being fed therefrom by suspended challenge feeds to two 10-stamp 
batteries of 900-lb. stamps, which crush through 20-mesh woven wire screens. 
The mortars are double discharge, but as the ore is crushed with 0°1% cyanide 
solution, some of the rear discharges are closed in order to keep the amount of 
solution from becoming too large. With both discharges open too much solu- 
tion is used. The pulp discharge is caught by a launder in front of battery, 
conveyed to a sump from which it is elevated by a Frenier sand pump (capacity 
6,000 gal. per hour) to a distributing box with launders to convey it to 
the separator boxes, one of which is placed above each sand tank. These sepa- 
rator boxes are 5X4 ft. in cross section, and 5 ft. deep, built in two compart- 
ments, each having in the bottom a circular discharge gate, hinged and closing 
tight against a rubber gasket by means of a long lever. The pulp flows into one 
compartment, the sand settling to the bottom, while the slimes overflow at one 
side. When one compartment is filled with sands, the pulp is deflected to the 
second compartment and the first discharged into the leaching vat below. The 
slimes flow by launder to the first slimes settling vat where they are allowed to 
settle. Four pounds of lime per ton of ore are added at the batteries to aid the 
slimes in settling; the acidity of the ore is very slight. 

The sand vats are of red cedar, 20 ft. in diameter and 5 ft. deep, arranged 
in four sets of two each, one below the other for double treatment of the sands. 
It takes 24 hours to charge a tank by means of the separator boxes. The sands 
are leached with a 0°2% cyanide solution, followed by 0°1% solution and wash 
water. They are then shoveled through the bottom discharge gates, to the second 
vat below and re-treated. The time of transference is 12 hours, and the cost 5c. 
per ton. The total time of treatment is five days, including charging, trans- 
ference and discharging, this last named being done by sluicing. The extrac- 
tion made on sands is 83 to 84%, of which 8% is extracted in the second treat- 
ment. 

There are six slimes vats of red cedar 20 ft. in diameter and 12 ft. deep, 
and after settling out the slimes from the solution in the first slimes vat the 
solution is drawn off as close as possible by siphoning, and is passed through 
the zinc boxes, thence to the barren solution sump tank. Fresh weak solution 
is added to the settled slimes, and the slimes mixture is then pumped by a sand 
pump to a second slimes vat, where the operation is repeated as above. The 
slimes are re-pumped four times, the last time wash water being added instead 
of weak solution; they are discharged by sluicing after the last settling. An 
extraction of 88% is made on the slimes, although only about 80% is saved, 
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the balance going out with the slimes, which retain about 100% of moisture. 
Only one wash water is used, as otherwise too great a bulk of solution is accumu- 
lated. The total time consumed in treating a vat of slimes is six days. Four 
10-compartment zinc boxes are used to precipitate the solution. 

The cyanide plant of the Wasp No. 2 Mining Co., on Yellow Creek, near 
Kirk, is a dry, coarse crushing plant of 90 tons’ capacity per day. The ore 
is quartzite, the gold being on the cleavage planes, and in the seams and cracks 
so that coarse crushing only is necessary to make it available for solution. The 
value varies from $3 to $12 per ton, the main bulk averaging about $4. It is 
mined very cheaply (85 to 90c.) by open-cut mining. The mill is built in ter- 
races on a very steep hillside, and the ore is moved through almost entirely by 
gravity. It is hauled from the mine 750 ft. distant in trains of four cars, and 
charged into the main bin from which it passes to a No. 2 D. Gates crusher 
over a 4X8-ft. grizzly having 1°5-in. spaces between bars. The undersize and 
the crushed ore from the Gates go to the storage bin, from which it is fed 
by Tulloch feeders into one set of coarse Gates rolls 14X24 in., 80 revolutions 
per minute. The rolls discharge to a stationary inclined 2-mesh screen 
7X1 ft., the oversize from which passes through the finishing rolls 14X24 in., 
operated at 100 r.p.m., and meets the undersize, the combined product being 
elevated by a bucket elevator to the shaking finishing screen, situated on a 
level with the coarse rolls. This screen is an inclined shaking 2°5-mesh screen, 
16X2 ft., the lower half being stationary. Nearly all of the finished 
product passes a 6-mesh screen, the oversize from which being returned 
by gravity to the finishing rolls. The ore is charged from the finished product 
bin into the four leaching tanks of Oregon fir; each tank is 16 ft. diameter, 
7 ft. deep and of 55 tons’ capacity. For this purpose a 16-in. belt conveyor is 
used at a speed of 600 ft. per minute. A large 100-ton tank has recently been 
added, which gives the mill the capacity mentioned above. Tanks are charged 
in from 2 to 2°5 hours, the cyanide solution being added after the tank is 
about one-half filled. The strength of the strong solution is 6 lb. cyanide per 
ton of solution.. About 15 tons of strong solution are run on and usually allowed 
to stand 3 to 4 hours, then it is drained, a weak solution being added at top 
to replace it. After this complete replacement it is allowed to stand a short 
time and then circulated for the balance of the leaching. The weak solution 
contains from 2°5 to 3 lb. cyanide per ton. About 50 tons of weak solution 
are used, followed by from 6 to 9 tons of wash water. To neutralize the acidity 
of the ore and give a protective alkalinity, 6 lb. of lime per ton are added before 
the ore is dumped into the first bins. The cost of cyaniding is from 85 to 90c. 
per ton. The precipitation is accomplished by zinc threads in specially con- 
structed barrels, and very good results are obtained, the tailings solution having 
a value of from 4 to 10c. per ton. The extraction made is from 80 to 90% 
of the values, and the consumption of the cyanide amounts to about 0°5 Ib. 
per ton of ore. The precipitates are treated by the usual sulphuric acid method. 
Zinc dust precipitation in the tanks, pumping the resultant mixture through 
filter presses, was tried at the mill, but discarded on account of the difficulty in 
the clean-up. 
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The new dry crushing cyanide mill of the Imperial Gold Mining & Milling 
Co., in course of erection at Deadwood, has facilities for roasting the heavier 
blue ores. ‘The mill is modeled after the Florence pattern, and is built on the 
level, with the crushing, roasting and leaching departments inclosed in sepa- 
rate adjoining buildings. The entire product is handled automatically by belt 
conveyors and elevators. ‘The crushing is done by a Blake crusher and Davies 
rolls, and the screening mostly by rotary screens. The sulphide ores are to be 
roasted in a Holthoff-Wethey double-hearth furnace, the lower hearth being used 
for cooling. Ample provision is made for dust collection. The mill has an 
automatic Vezin sampler, which samples all material passing through the mill. 
The four leaching tanks are of 0°1875-in. steel, 35 ft. diameter and 6 ft. deep, 
and the other tanks also are of steel, including the zine boxes. The following 
costs of milling are approximately correct, and but little variation from these 
figures will be found in modern practice. The cost of the wet crushing process 
per ton is $2, or a little less. The cost of coarse crushing on lime ores by the 
Spearfish Co. before its plant was destroyed was from 75 to 80c. per ton. The 
cost of fine dry crushing and cyaniding has not yet been demonstrated. The 
old Golden Gate mill was too small and of too old a type to show modern 
practice, but as demonstrated there it amounted to from $4°50 to $5 per ton 
when treating a very limited amount. The actual cost, under modern condi- 
tions, is undoubtedly about $2 per ton. 

The following list comprises cyanide mills both operative and inoperative, 
together with those in course of erection January 1, 1902 :— 

Mills in operation.—1. Homestake, at Lead, S. Dak., 1,200 tons, stamp mill 
tailings. 

2. Portland, at Gayville, S. Dak., 60 tons. 

3. Wasp No. 2 Mining Co., near Kirk, 8. Dak, 90 tons. 

4. Cleopatra Mining & Milling Co., on Squaw Creek, 100 tons. 

5. Dakota Mining & Milling Co., in Deadwood, 60 tons. 

Mills not in operation.—1. Golden Gate, closed since September, 1901. 

2. Shawmut Gold Mining & Milling Co., Black-tail Gulch, near Central City, 
30 tons. 

3. Annie Creek cyanide mill, Annie Creek, 100 tons. 

4. Clevenger plant, Rapid City, 30 tons, chlorination tailings. 

Mills in the course of erection—1. Imperial Gold Mining & Milling Co., 
Deadwood, 100 tons. 

2. Golden Reward Mining Co., Deadwood, 200 tons. 

3. Spearfish Gold Mining & Milling Co., Preston, 250 tons; this mill takes 
the place of the one recently destroyed by fire, which was on the active list 
before its destruction. 

4. Deadwood Standard Mining Co., Preston, 200 tons. 

5. Homestake Central cyanide mill, at Gayville, 600 tons, tailings. 

6. Little Blue Mining Co., Alder Creek, near Kirk, 50 tons. 

There are several mills projected which will probably be built in the spring. 
The mills named under the heading “In course of erection,” will be completed 
in two to five months from date unless delayed. Under the head of “Mills not 
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in operation,” the Golden Gate mill will be probably permanently closed, unless 
it is more modernized. The Shawmut may in the near future increase its ca- 
pacity. There are rumors of the Annie Creek mill restarting in the near future. 
The Clevenger plant, at Rapid City, has exhausted the supply of tailings from 
the chlorination mill, and is being dismantled. 

Aside from the larger plants above stated, there have been four plants along 
Whitewood Creek operating on Homestake tailings this summer. At the old 
Dakota plant (10 tons), Central City, an experimental plant, has been at work 
at intervals. ‘The small mill at Gayville, known as the Parker, Gibbs & Cook 
mill, has been at work part of the time. The Deadbroke Mining Co.’s com- 
bined stamp and cyanide mill in Blacktail Gulch, has also been experiment- 
ing. There is a plant at Mystic, employing a secret cyanide process which has 
not as yet treated ore on a commercial scale. Aside from the above mentioned 
plants, there are two or three smaller ones not operative at the end of the year. 

Idaho.—In this State cyaniding seems to have made but little progress, for, 
with the exception of the mill of the De La Mar Mining Co., there are only a 
few small plants in operation. 

Montana.—Many new plants have been erected during the year, some being 
of considerable size, notably that of the Empire Co., near Marysville, with a 
daily capacity of 500 tons, the Montana Mining Co.’s plant in Deer Lodge 
County having a capacity of 400 tons per day, and several others, varying from 
100 to 200 tons daily. The industry is confined principally to the following 
counties: Fergus, Deer Lodge, Lewis and Clarke, and Madison. 

The Fergus County ores are well adapted to cyaniding and when crushed so 
as to pass a 0°25-in. round hole are said to yield a 90% extraction. A large 
proportion of the ore assays only about $3 per ton. In many of the mills the 
method followed is crushing by stamps, amalgamating, and cyaniding the tail- 
ings. In others the ore is crushed in rolls and then treated directly in the 
leaching tanks. In some cases the tailings are so slimy that they cannot be 
treated by percolation, therefore agitation and decantation have been employed 
with good results. 

Nevada.—A few new mills have been built in this State during the year, the 
largest being that of the Chainman Co., at Ely, with an estimated capacity of 
300 tons per day. This plant was described in the Engineering and Mining 
Journal, December 7, 1901. The Ely Mining & Milling Co. also has a new 
50-ton plant which went into operation last spring. 

At Tuscarora the Dexter Gold Mining Co. treated 100 tons per day, and near 
the same place the Bull Run Mining Co. has put in a new plant. The Cuyahoga 
Co., of Lyon County, also has completed a new mill. The process in use differs 
at the various mills. 

At the Dexter plant, treating slimy ores, the method, as described by William 
Magenau, is quite different from that at the Chainman. The ore is crushed 
with stamps and amalgamated, the tailings going to settling tanks equipped 
with Butters and Mein distributors. The settlers catch 51% of the material 
run into them, the overflow carrying the slimes being run into ponds and settled. 
As soon as one pond is full the stream is turned into another and the former 
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allowed to dry for several months. The climate is so dry that in this time the 
upper few feet of the material become well baked. It is then put into cars by 
means of wheeled scrapers and carried to the leaching tanks to be mixed with 
the sands. As soon as a settler is full of sands they are shoveled into cars 
through a hole in the bottom and carried to the leaching tanks, where they are 
mixed with the dried slimes in the proportion of one car of sands to one of 
slimes. The mixture is leached continuously for from three to five days with a 
0°2% solution of cyanide, the solution running in at the top as fast as it runs 
out at the bottom. Before discharging; a single water wash is given after the 
charge has been allowed to drain for several hours, or until no more solution 
runs off. The cyanide solutions go directly to the zinc boxes. The sands aver- 
age $1°57 gold and $1°70 silver and the slimes $3°19 gold and $5:03 silver. The 
extraction is 66°8% of the gold and 37°7% of the silver. At the Ely mine 
a dry crushing process is used; the ore after passing through a crusher is dried 
in a rotary furnace and then crushed to 20-mesh size in rolls, from which it 
goes to the leaching tanks. The ore leaches easily and the extraction is 80%. 

New Mezxico.—The Cochiti Gold Mining Co., of Bland, has in successful 
operation a method of treating the dust from their dry crushing mill, which _ 
has been described by Charles 8S. Hurter in the Engineering and Mining Journal, 
January 19, 1901. Here 98% of the dust will pass a 100-mesh screen. The 
process used is agitating and settling, the agitation being effected by steam and 
compressed air, the latter being under 60-lb. pressure. The steam is used to 
heat the charge, as it was found that the air on expanding cooled it too much. 
The mixture of air.and steam is admitted through 1-in. horizontal iron pipes 
in the bottom of the tank. The pipes have 0°0625-in. holes in the under side for 
the escape of the air and steam. In 24 hours 94% of the total values are in 
solution, using a solution of cyanide of 3 lb. per ton, but only 80% is recov- 
ered, due to the solution going to waste in the slimes. To neutralize the acidity 
of the ore and to aid the settling of the slimes, lime is suspended in a wire 
basket in the upper part of the tank. The cost of treatment is given as $1 
per ton. 

Utah.—In the Mercur district cyaniding has been active and a large quantity 
of ore has been treated. The tailings at Manning are being treated and satis- 
factory results are reported. The Annie Laurie Co., of Piute County, com- 
pleted a large new plant this year that has been running successfully. In 
addition to the plants above mentioned a few small ones have been built. 

Washington.—Cyaniding in this State has been confined principally to the 
mill of the Republic Power & Cyaniding Co. Although this mill was closed in 
July, 1901; a description of the plant and process will be interesting as these 
ores were for some time a puzzle to metallurgists. Mr. D. C. Jackling has 
kindly furnished the following details of the process :— 

The new plant, started in October, 1900, had a rough-crushing capacity of 
400 tons and a milling capacity of 200 tons in 24 hours. The ore was dry ground 
io 60-mesh, roasted “dead,” cyanided by direct percolation, and precipitated 
with zinc dust. The ore is quartzose, dense, hard and tough, often with banded 
white to black layers, and the numerous fractures usually coated with a soft 
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white substance like amorphous silica. As it comes from the mine it contains 
S10,, about 90% ; CaCO,, up to 5%, averaging 15%; S, up to 1%, averaging 
0°5% ; Cu, up to 01%, averaging 0°01% ; Pb, Zn, As, Sb, sometimes in traces 
and ‘Te none. The proportion of silver to gold in the ores treated was about 
3°2 oz. silver to 1 oz. gold. The average for the district is about 5 to 1. Pre- 
vious to the present plant several thousand tons of ore carrying 3 to 4 oz. 
gold, were treated by the Pelatin-Clerici process. It was ground wet in ball 
mills to from 80- to 120-mesh but under the most favorable conditions less than 
90% of the gold dissolved. On 1°5 oz.-ore, the extraction decreased to 70%. 
These ores show scarcely any free gold even under the microscope and it is hard 
to account for unless, as suggested by Chatard and Whitehead, the gold par- 
ticles are enveloped in a film of hydrated iron and aluminum oxides. 

Calcination of the ore removed many of the difficulties, the only objection 
being a lessened extraction of silver. Coarser crushing can then be used and 
the roasted product leached by percolation in deep tanks. 

The ore is put through a No. 5 Gates crusher, then through a Gates fine 
crusher (style H.), then through 15X36-in. Gates rolls. The crushed ore is 
sized here to about 0°5-in. before drying. The sampled ore goes to the main 
storage bin above the fine crushing department from which it is fed automatically 
to the cylindrical dryers of which there are two, each 26 ft.x60 in. The fine 
crushing department contains besides the dryers two sets of 15X36-in. and two 
sets of 15X26-in. Gates rolls, six 30-in. Griffin mills, six 8-ft. Jeffrey Columbian 
separators, etc. The rolls are in two series of a 36-in. followed by a 26-in., each 
series being served by one dryer and serving in turn three Griffin mills. These 
mills have 40-mesh screens set at an angle of about 40° and deliver a product 
96% of which will pass a 60-mesh screen. The drying, grinding, screening and 
accessory machinery in this department requires about 1:25 H.P. per ton finished 
ore. Using rolled steel shells of best quality on the rolls and rings and dies of 
the same material in the Griffin mills the steel consumed per ton ore is about 
1°25 Ib. Dust chambers connected by large exhausters with the chief sources 
of dust are provided. 

The following table gives the average of samples taken daily of finished mill 


pulp :-— 


Remaining on 40 mesh Through 120 mesh—remaining on 150 
Through 40 mesh—remaining on 50 Through 150 mesh—remaining on 200 
Through 50 mesh—remaining on 60 , Through 200 

Through 60 mesh—remaining on 80 vi 

Through 80 mesh—remaining on 100 

Through 100 mesh—remaining on 120 


The finished pulp passes to the roasting furnaces, of which there are three 
of the straight line type with hearths 100X12 ft. The tops of these furnaces are 
covered with heavy corrugated iron and are used as a cooling floor for the roasted 
ore, along which it is moved by the returning rabbles, and during the last 25 ft. 
is sprayed with water. To yield good results the ore requires a surprisingly 
high temperature and long exposure to the heat and an almost complete ex- 
pulsion of the sulphur. 

The leaching plant contains 16 steel leaching tanks 22 ft. square by 65 ft. 
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deep, each of 110 tons’ capacity. Three steel solution and standardizing tanks 
14 ft. diameter by 10 ft. deep are also located in this section on a platform 12 ft. 
above the tops of the leaching tanks. 

In the precipitating department are two precipitating tanks 10 ft. diameter 
by 8 ft. deep, two gold-solution tanks 14 ft. diameter by 10 ft. deep, one sump 
tank 24 ft. diameter by 5 ft. deep, all tanks being of steel. Solutions are handled 
by two Root rotary pumps. The slimes from the zine dust precipitation are col- 
lected in four 24X36-in. Johnson filter presses. Vacuum is supplied for the 
leaching tanks by an 8X10-in. triplex power pump. The first solution 
05% KCy is run in from the bottom of the charge until the whole is thor- 
oughly saturated, percolation is then started and proceeds by gravity alone for 
72 hours, after which vacuum is used. About 20 tons of this solution, besides 
that necessary to saturate the charge, are run in requiring from 36 to 48 hours. 
Weak solution, 0°3 KCy, is then run in until tests show the extraction to be 
nearly finished. About 40 or 50 tons of this are used during a period of from 
72 to 84 hours. Wash water to the amount of 20 or 25 tons is now used and 
requires from 48 to 60 hours to drain. The total time required for loading, 
leaching and discharging a tank is almost nine days, and the total solution and 
wash water used, exclusive of that used to saturate the charge, is about 85% 
of the weight of the ore. The tanks are discharged through openings in the 
bottom. Filling and unloading costs about lle. per ton. All solutions from the 
leaching tanks, including wash water, run into the same gold-solution tank and 
after precipitation the mixed solution becomes the weak one for succeeding 
tanks, strong solution being made up from it by addition of cyanide in lumps. 
Sufficient caustic soda is used to keep the alkalinity of the solutions at about 
0°3%. .When no lime is present the amount used is about 0°8 lb. per ton ore. 
The consumption of cyanide averages 1:18 lb. per ton ore. On 0°75 oz.-ore, 
the gold extraction by bullion produced was, 91°3%, and silver 15°6%. Pre- 
cipitation is effected by zinc dust, 20 tons of solution at a time having the 
necessary amount sifted in while the solution is being agitated by compressed 
air. The amount required is about 0°95 lb. per ton ore, or 1°25 lb. per oz. of gold. 
If the alkalinity of the solution is kept at the proper standard the precipitation 
is rapid and complete, except in the presence of appreciable amounts of copper, 
when it becomes difficult. The precipitates and slimes are collected in filter 
presses and refined in the usual way by treatment with sulphuric acid, etc. The 
resulting bullion is about ‘900 fine in gold and silver. 

Cyanipe Parent Litication tn 1901.—A case of considerable interest re- 
garding the use of zinc dust or fume as a precipitant of gold and silver from 
cyanide solutions was recently decided by the United States District Court for 
Idaho. The suit was brought by Capt. J. R. De La Mar against the De Lamar 
Mining Co. to prevent the latter using zinc dust as a precipitant, and claiming 
that such use was an infringement of United States Patent No. 607,719, of March 
9, 1896, covering certain improvements in the cyanide process. The court de- 
cided against the plaintiff and held that the patent was anticipated by prior 
publications and patents. It is supposed that Captain De La Mar will carry the 
case up to a higher court for final decision. 
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The claims of this patent are as follows:— 

“Claim 1. The process of extracting precious metals from cyanide solutions, 
which consists in treating said solutions with zinc dust, to wit, the herein described 
material composed of zine and zine oxide, in a state of agitation, substantially 
as described. 

“Claim 2. In the process of extracting precious metals from cyanide solutions 
the use as a precipitating reagent of a definite quantity of zinc dust in a state 
of agitation, the quantity of said zinc dust being supplied in only a sufficient 
quantity to thoroughly precipitate the contained metals, substantially as described. 

“Claim 3. The process for extracting and recovering precious metals from their 
ores and which consists essentially of the following steps: First, subjecting the 
ore in a powdered state to the action of an aqueous solution of a cyanide; second, 
supplying to the solution charged with the precious metals that quantity of zinc 
dust determined to be exactly sufficient to precipitate said metals; third, agitating 
said solution and said zinc dust until said metals are precipitated, and said zinc 
dust is absorbed; fourth, recovering the precious metals from the. valuable pre- 
cipitate of the preceding steps by filtration or other process, substantially as 
described.” 

With regard to the use of zinc dust prior to the application for the patent, 
H. L. Sulman,* after speaking of the different methods of precipitation in use 
and describing the requirements demanded of a metallic precipitant, goes on 
to say that all the conditions are fulfilled “by the product known as zinc 
fume. * * * It is a commercial by-product * * * being the con- 
densed metallic vapor in a state of extreme division.” “It is an impalpable 
metallic flour and is seen under the microscope to consist of spheres more or less 
coated with oxide.” This oxide, he says, retards somewhat the precipitating ac- 
tion and he recommends treating the product with dilute ammonia or some 
similar solvent of zinc oxide, thus leaving the zine clean. “A small portion of 
this preparation agitated with a very dilute solution of auro-potassic cyanide 
permeates the whole volume of liquor rendering it slightly and uniformly 
cloudy * * * and almost immediately determines the precipitation of 
the gold.” “I have treated considerable volumes of gold solutions of varying 
strengths of cyanide and with an expenditure of zinc fume never exceeding 
0°5 Ib. per ton of ore have obtained precipitates which seldom contained below 
97 to 98% of the gold originally present in the liquor.” “When the solutions 
are rich in metal (or over 0°3 oz. per ton) the addition of zinc fume of from 
three to four times the weight of gold present has been sufficient to completely 
precipitate the latter. Very dilute solutions strangely enough require rather 
more than this.” : 

It will be seen from the quotations given that every claim of the Waldstein 
or the De La Mar patent is fully and clearly anticipated by the process described 
by Sulman. The only difference between the two is in Sulman’s treatment of the 
zine dust with an ammoniacal solution so as to remove the oxide as he says the 
presence of the latter (the oxide) renders the action of the untreated product 
somewhat slow as a gold precipitant. From this it is plainly evident that he knew 
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that zinc dust in its untreated state would precipitate gold, but not quite so 
rapidly as when freed from the adhering oxide. 

His United States Patent No. 576,173, filed February 25, 1895, also clearly 
shows that he did not consider it possible to patent the use of zinc dust alone 
as a precipitant, for all he attempts to cover in his patent is the process for remoy- 
ing the zine oxide so as to make the zine more active, and a special form of 
apparatus in which to make the precipitation. 

Aside from Sulman’s work it does not seem possible that such a patent could 
be valid, for even Dr. Waldstein must admit that it is the zine of the zinc dust 
that causes the precipitation and not the oxide. Such being the case, in what 
way does it differ from the ordinary zinc precipitation, except that the zinc is in 
a more finely divided state, a condition which was well known to be favorable to 
precipitation ? 

Australia.—According to Mr. A. G. Charleton? cyaniding at Kalgoorlie is 
being carried on very successfully in spite of the slimy nature of the ore, due to the 
presence of silicates of magnesium and aluminum, and hydrated oxides of iron 
which form over 40% of the lode stuff. The practice varies considerably at 
the different mills. At the Lake View South the ore is crushed and amalga- 
mated as usual, then goes through grinding pans and from there to Frue 
vanners, which yield concentrates containing 2 to 3 oz. gold per ton. These 
concentrates are cyanided at a cost, said to be 8s. 9d. per ton. The Associated 
mill treats the oxidized ore by dry crushing and cyaniding. The ore is first 
passed through crushers, then into a sizing trommel which separates the fines 
from the coarse rock. The fines are raised by a bucket elevator into a bin and 
the coarse ore goes to Krupp ball mills, the product from which is then raised 
in an elevator and joins the fines. The ore in the bins is discharged through 
canvas spouts into steel trucks holding about 1 ton and having W-shaped bot- 
toms, the sides forming flap doors. Four or five of these trucks placed end to 
end are set on a carriage running on rails alongside the vats and which is 
moved back and forth by means of an endless rope controlled by a lever shift- 
ing the driving belt from a fast to a loose pulley. The vats hold 160 tons each, 
and it is claimed that this arrangement fills them more evenly and no trimming 
is required. Two men fill a vat in from 8 to 10 hours. The charge is kept under 
cyanide treatment for 10 days. The residues are discharged through bottom 
doors into trucks below. The cost of cyaniding is 5s. 6d. per ton. The Brown 
Hill mill also uses dry crushing in Krupp mills but the sizing is done by air 
separators and the coarse classified products are cyanided separately, in steel 
vats, and the slimes are treated by agitation and filter pressing. At this mill 
bromo-cyanide is used instead of potassium cyanide alone. Experience has shown 
that in some of the mills the slimes are of too low value to pay for treatment, 
while at others they are of comparatively high grade. This has led to two different 
methods of treatment. At the Great Boulder the dry tailings from the settling 
ponds are carried to the cyanide plant and both sands and slimes, after being 
broken up in a disintegrator are run into a sump, then pumped into a vat with 
radial arms and agitated in these vats with cyanide. When the gold is dissolved 
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the pulp is filter pressed and the solution passed through the zinc boxes. The 
cost of this treatment in 1899 was 11s. 6d. per ton. The tailings after treatment 
contain 39 grains gold per ton and the loss in cyanide was 2°2 lb. At the Boulder 
Main Reef and North Boulder the sands are separated in one pond and the slimes 
in another. The sands only are treated, as the slimes are said to be worthless. 
The Lake View treats battery tailings containing about 80% slimes by first pass- 
ing through a spitzkasten, from which the sands are elevated by a tailings wheel to 
ix collecting tanks fitted with Butters & Mein’s distributors. The sands which 
settle to the bottom still contain 40 to 50% of 100-mesh slimes. These sands 
are trucked to leaching vats in another building and cyanided for 10 days. The 
slimes from the distributors together with those from the spitzkasten are settled in 
tanks and then forced by compressed air into filter presses through which the cya- 
nide leaching solution is pumped, and the residues finally washed with water. The 
process takes about 4 hours. The Ivanhoe uses still another plan. The battery 
tailings are first lifted to spitzlutten which separate the coarse sands. These go 
to grinding and amalgamating pans, after which they pass through spitzkasten, 
the overflowing pulp from which, together with that from the spitzlutten, goes 
to the cyanide vats. The Ivanhoe plant consists of sixteen 80-ton vats placed 
in two series one above the other, the lower vats being 5 ft. below the upper ones. 
The upper vats are provided with Butters & Mein’s distributors, and are used both 
for settling and leaching. The slimes which overflow go to the slimes plant. 
The sands after the vats are filled to the required depth are drained and then 
leached for four days in the upper series, then dropped through bottom discharge 
doors to the lower series and again leached for four days. This double treatment 
is said to shorten the time required for extraction by two days. The capacity of 
the sand plant is 120 to 140 tons per day, and the cost of treatment, including 
erinding and amalgamation is said to be 5s. 6d. per ton. The slimes from the 
upper series of vats are run into settlers and after settling are passed into agi- 
tators with cyanide solution and agitated for 8 hours. The pulp is then forced 
through Dehne filter presses and washed with spent liquors. The capacity of this 
slimes plant is 150 tons per day and the extraction is said to be 80 to 90%. 
The New Zealand Government has decided to keep in force the cyanide patents 
which they bought four years ago, until the royalties received shall equal the ex- 
penditure. So far the royalties received, £4,253, are equivalent to 42°5% of 
the cost. 

F. B. Stevens? gives the following description of his experience in treating acid 
tailings at the Wemmer Gold Mining Co., of Johannesburg. The tailings 
contained large quantities of ferrous and ferric sulphates as well as free 
sulphuric acid. The treatment first used was to give a water wash, then 
add lime and wash with caustic soda, and follow with cyanide. A _ large 
discrepancy between the actual extraction and that shown by assay had always 
existed, and it was suggested that the loss took place during the washing 
and was caused by the cyanide left in the vat from the previous treatment. It 
was then decided to wash the ore in a separate vat. The process finally adopted 
was as follows: The ore was washed with water for 12 hours then transferred 
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to another vat and mixed with lime and given a wash with caustic soda. To 
prevent iron hydrate from getting into the zinc boxes it was found advisable to 
fill the vat to a depth of 3 in. with sand and then to spread over it a layer of 
lime. This was found to catch a very considerable amount of oxide of iron. So 
soon as the washes began to come off distinctly alkaline the cyanide treatment 
was begun. By the above plan it was found possible to work these tailings suc- 
cessfully although the loss in cyanide was always above the average. 

Mexico.—Messrs. Tays and Scheirtz* described their method of treating clay — 
slimes at the Guadalupe mine of the Anglo-Mexican Mining Co. About 80% 
of these slimes were pure clay finer than 400-mesh, the balance being sand slimes 
passing 200-mesh. The gold value was about $13 per ton. The method adopted 
was to agitate for 5 hours with 0°15% KCy in the proportion of 2°6 tons solution 
to 1 ton moist slimes, adding lime during the last part of the agitation, then 
settle for 7 hours and decant. After the first decantation water or weak cyanide 
was added in amount equal to that just decanted and the mixture agitated for 
one hour, then settled for six hours. The solution from the settling tanks then 
passed to a settling box, a long trough much wider at the discharge end than at 
the inlet. The clear solution from this passed to the gold solution tanks and 
from them to the zinc boxes. The extraction of gold was about 78%. ‘Loss in 
cyanide 7 lb. per ton. 

Cyaniding Cupriferous Ores.—According to Louis Janin, Jr.,° the pyritic ores 
of the Lydenburg (Transvaal) district present some interesting difficulties. These 
ores contain quartz, iron oxides, dolomite and small quantities of manganese, 
copper, bismuth and silver. The bismuth causes no difficulty, and the manganese 
dissolves only when an insufficient amount of lime is used. Not over 10% of 
the silver is recovered. The average amount of copper is about 0°4% and occurs 
as oxide, carbonate, in iron pyrites, and occasionally as copper sulphides and 
metallic copper. The latter is almost all caught on the amalgamating plates, 
and of the rest only a small amount is dissolved in the potassium cyanide. Un- 
successful attempts were made to dissolve out the copper with acid. The only 
method which has given satisfactory results depends on the property of potassium 
cupro-cyanide® to dissolve a small quantity of copper in the form of subcyanide, 
which is then precipitated by the Siemens-Halske process. A solution obtained 
in the ordinary course of practice containing cupro-cyanide but no free cyanide 
is employed. It was found that the tanks should not exceed 3 ft. in depth, 
otherwise the free cyanide would be exhausted. About 5 lb. of lime per ton is 
added to the sands and 15 lb. to the slimes; an alkaline wash is then used fol- 
lowed by one with a solution of about 0:07% KCN. In passing through the ore 
the free cyanide dissolves some of the copper as cupro-cyanide (?) which then 
dissolves more of the copper as subcyanide. “These subcyanides are converted by 
free cyanide into the normal cupro-cyanides. After the loss has been determined 
the strength of the following solution is roughly estimated, this will be from 
0°1 to 0°2% free cyanide. In order to avoid loss of cyanide as much as possible, 


4 Paper read before the Mexican Meeting of the American Institute of Mining Engineers, November, 1901. 
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6 More probably cuproso-cupric cyanide.—J. S. C. W. 
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drawing off the solution is suspended when its strength reaches the normal 
point—about. 0°05%. This strength is naturally determined by practice.” After 
the gold is dissolved a dilute solution is employed as in the ordinary process to 
remove all the gold. A small quantity of copper was found not to interfere 
with the precipitation of gold on zine shavings, but when the point reaches 
0-01 to 0°02% it causes a great deal of trouble, enveloping the zinc and preventing 
precipitation. For several years a system of intermittent washing of the zinc 
boxes with an excess of cyanide was used, followed by maintaining the normal 
strength of the solution by the addition of cyanide in a thin stream at the head 
of the zine boxes, and frequently changing the charge of the compartments. 
When the zinc-lead couple became known it was introduced, and the precipitation 
of the copper as well as the gold was increased by it. To assure regular pre- 
cipitation the free cyanide in the solution must be maintained between 0:03 to 
0°12%, depending on the amount of copper present. Precipitated gold has a 
tendency to dissolve in these solutions from cupriferous ores unless the boxes are 
regularly soaked with cyanide as before mentioned. For example, a solution 
containing only 4 dwt. gold and 0°05% free cyanide has left the boxes when a 
cyanide was not employed, carrying 30 dwt. gold. Weak solutions were 
found to precipitate more copper than strong ones. By using the Siemens- 
Halske process these difficulties are avoided—the cyanide is regenerated and 
the gold and copper are precipitated as a hard adherent coating. On the 
anodes a hard crust of iron cupro-cyanide (?) is formed that causes the current 
to flow unequally between the plates, causing a tendency to short circuit. This 
may be prevented to some extent by hanging the anodes in cloth sacks, using as 
weak a current as possible and moving the lead strips daily. It is also advisable 
that connection between the sheet iron anode and the copper conductor be made 
by fine iron wire that will burn out if the current becomes too strong and call 
attention to the formation of a short circuit. 

Cyanide Solutions containing Copper—wW. H. Virgoe™ gives his experience in 
the testing of cyanide solutions containing copper both when using potassium 
iodide as an indicator and when silver nitrate alone was used. His conclusion 
is that when copper salts are present the use of silver nitrate alone is inaccurate, 
such solutions apparently showing free cyanide when none is present. When 
using the iodide ag an indicator the results appear to be reliable. As an example 
he says “a solution containing 0°3% Cu and titrating 0°52% with silver nitrate 
alone may titrate 0°13% potassium cyanide correctly if potassium iodide be used.” 
He finds that in titrating pure solutions of potassium cyanide the amount of the 
indicator used makes no difference, but in strongly alkaline solutions or in those 
containing copper it affects the results very materially. The use of two or three 
drops of & 2% solution of potassium iodide is recommended as giving correct re- 
sults except in cases where much free alkali is present when the results are apt 
to be too high. Cyanide solutions containing 0°3% or over of copper yield very 
poor extraction and it becomes necessary to purify them. This he says can easily 
be done by the lead-zinc couple as practiced at the Creston-Colorado plant at 
Minas Prietas, Sonora, Mexico. The details are those given him by Mr. Higgins, 
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the superintendent. The plant has a capacity of 250 tons daily. “The solution 
coming from the tanks titrates about 0°23% KCN and flows first through fourteen 
ordinary zine launders 18X2°5 X2°5 ft. in size—where the fine product is collected ; 
secondly, from these launders the solution is taken through six other launders 
with zinc-lead in each compartment. I use 1:5 lb. lead acetate to 15 lb. zine 
shavings; in other words, about 160 lb. of lead acetate for 7,500 tons ore.” To 
form the lead-zine couple the compartments in the zinc boxes used for this part 
of the process are filled with condensed water from the boiler and 1°5 Ib. of lead 
acetate is dissolved in each. After solution, 15 lb. of zine shavings are pressed 
into each compartment and allowed to stand for half an hour or more. The 
solution after passing through the plain zine boxes where most of the gold and 
silver is precipitated, then flows through the lead-zinc boxes prepared in the 
way just described which remove a large proportion of the copper. Solutions 
that previously contained from 3 to 4 lb. copper per ton are by this treatment 
reduced to 1:25 Ib. Cu, which amount causes no trouble. The product from these 
boxes containing about $2 per lb. in gold and silver and 45% Cu is sent to the 
smelters. Mr. Virgoe suggests as another possible method of purifying the solu- 
tion precipitating the copper with zinc dust and then removing the zinc by treat- 
ment with an alkaline sulphide. He gives the following method for the determina- 
tion of gold and silver in cyanide solutions: To 1,000 c.c. of the solution, add an 
excess of copper sulphate and acidify with hydrochloric, nitric or sulphuric acid. 
The precipitate, which is white and flocculent contains all the gold and silver and 
the blue or green color of the filtrate indicates that an excess of the copper sulphate 
has been added. The precipitate is washed, dried and placed in a scorifier with 
lead. The results are accurate and the whole operation can be done in an hour 
and a half. 

The Bromo-Cyanide Process has been adopted by several of the Australian 
mining companies, among them being the Lake View, the Hannan’s Star and 
Brown Hill mills. The results are said to be very satisfactory. A test on 653 
tons of sulphide ore at the Brown Hill mill yielding an extraction of 95°77 
of the gold, and other results as high as 976% are said to have been obtained. 
The consumption of cyanogen bromide varied from 0°5 to 1 lb. per ton ore. 
These ores are sulpho-tellurides of very high grade, running from 1°51 to 3°5 02. 
gold. The process is generally known there as the “Diehl.” It is claimed that 
the combination of the two cyanides is capable of dissolving telluride of gold, 
whereas in simple cyanide it is insoluble. Also that no oxygen is necessary in 
the process and consequently it is especially well adapted to the treatment of 
sulphides such as concentrates, ete. That these claims are well founded seems to 
be established by the success obtained in Australia and with the mispickel ores 
of Deloro, Canada, which are well known to be very refractory. Mr. Wright in 
a paper read before the Canadian Mining Institute, 1901, gives the following 
particulars of the process as used there: The wet concentrates from the mill con- 
sist principally of mispickel, some iron pyrites with small amounts of copper 
and from 15 to 20% of quartz sands. These are dumped directly into the vats 
to a depth of 3 ft. (equivalent to about 40 tons) and a little lime added. After 
leveling, the charge is sampled by a 2-in. augur, 20 to 30 holes being bored to 
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the bottom of the charge. A short water wash is then given and as soon as the 
water has disappeared from the top of the ore the mixture of potassium cyanide 
and cyanogen bromide is run on to an amount approximately one-third the weight 
of the ore. The wash water still draining out is run through zinc boxes until 
on testing the solution with ferric chloride a distinct blue color is obtained. When 
this shows the solution is switched to the strong solution tank. Constant slow 
percolation has heen found to yield the best results, so the solution after it runs 
through is brought up to strength and continued in circulation for 24 hours. 
By this time 60 to 70% of the gold has been extracted and it has been found ad- 
visable at this point to drain the charge and then turn it over by shoveling so 
as to break up and mix any lumps that may be present. The cyanide solution is 
again run on and the leaching continued until assays show the extraction to be 
complete. A weak cyanide wash is then given, followed by one of water only. 
The gold is precipitated by zine fume, a Sulman’s cone being used for the 
purpose. Ninety-nine per cent. of the gold in the solution is reported to have 
been obtained. The consumption per ton of concentrate is: potassium cyanide, 
2 lb.; cyanogen bromide, 0:5 lb.; zinc fume 0°19 lb.; time of treatment, 80 to 
100 hours; extraction of gold, 87 to 94%. The Gold Ore Treatment Co., which 
controls the patents for this process, gives the price of cyanogen bromide as 
2s. 6d. to 3s. per pound, but expects shortly to be able to reduce the price. A’ 
factory is now being built in Australia to supply the demand in that country. 

Testing Cyanide Solutions contaanng Zinc.—L. W. Green® gives a method 
based on the following :— 

(1) Potassium ferrocyanide is neutral to phenol-phthalein. 

(2) One cubic centimeter of N/10 potassium ferrocyanide precipitates 0°75 ¢.e. 
N/10 zine solution from dilute neutral solutions. (Sufficiently exact for technical 
purposes. ) 

(3) When a dilute neutral zinc solution is precipitated by excess of sodium. 
carbonate, the excess of alkali being afterward neutralized with N/10 acid using 
phenol-phthalein as indicator, a precipitate of basic carbonate of almost constant 
composition is obtained, viz., 3Zn(OH),, 2ZnCO,. 

(4) Zine hydrate or carbonate treated with an excess of potassium ferrocyanide 
yields zinc ferrocyanide and potassium hydrate or carbonate as follows :— 


6Zn (OH), +4K,FeCy,=K,FeCy,,3Zn,FeCy,-+12KOH, or 
6ZnCO,+4K,FeCy,=K,FeCy,,3Zn,FeCy,+6K,CO,. 


The above reactions do not take place immediately and are only complete by 
neutralizing the alkali as formed. 

(A) Total cyanide.—Add excess of sodium hydrate and a drop or two of 
potassium iodide and titrate with silver nitrate till a distinct permanent yellow 
cloudiness is formed. Result equals total cyanide which we will designate by T c.c. 

(B) Hydrates of the alkalies and alkaline earths plus half the monocarbonate. 
(Protective alkali.) —Add excess of potassium ferrocyanide, then sufficient silver 
nitrate (as shown by A) to precipitate all of the cyanide present. A slight excess 
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does not matter. The zine is all precipitated as ferrocyanide and the alkali 
hydrates and carbonates are left in solution. Phenol-phthalein is then added and 
the solution titrated with N/10 nitric acid. Result equals the protective alkali (p). 

(C) Estimation of the alkaline hydrate-—Add excess of barium chloride, 
sufficient to precipitate all the sulphates and carbonates, and then proceed as in 
the last test. Result equals the alkaline hydrates (h). In case no hydrates 
are found bicarbonates may exist in the solution. These can be determined by 
adding a known quantity of standard alkali and repeating the above test. 

(D) Determination of total cyanides, ferrocyanides,-sulphocyanides, chlorides, 
etce.—Add sufficient acid (as shown by B) to neutralize the alkali present, then 
a drop of potassium chromate and titrate with silver nitrate until a faint perma- 
nent red color appears. 

(#) Ferrocyanides.—Add about 10 ¢.c. N/10 sodium carbonate, then sufficient 
silver nitrate to precipitate all the cyanide (T ¢.c.) and shake well. The ferro- 
cyanide present will all be precipitated by the zinc in the solution, and any excess 
of zinc will be thrown down as basic carbonate, and there will be an- excess of 
sodium carbonate. Add phenol-phthalein and neutralize slowly with N/10 nitric 
acid. Add about 1 ¢.c. more of the acid, shake, and add solution of sodium 
carbonate drop by drop till the clear solution is just faintly pink. Add excess 
of potassium ferrocyanide and the solution becomes strongly alkaline, due to the 
reaction between the basic zinc carbonate and the potassium ferrocyanide. Titrate 
with N/10 nitric acid. Result equals the zinc less what has been precipitated by 
the ferrocyanide originally present (S). 

(f/) Zinc.—Add sodium carbonate as in previous test then sufficient silver 
nitrate (as shown by D) to precipitate all cyanides, ferrocyanides, etc., and the 
whole of the zine will be precipitated as basic carbonate and there will be an 
excess of sodium carbonate remaining in the solution. Add phenol-phthalein and 
neutralize as in last test. Add excess of potassium ferrocyanide and titrate with 
N/10 acid. Result equals the whole of the zine, plus any copper or cadmium which 
may be present in small quantities, (Z). In all of the above tests 50 c.c. off 
the original cyanide solution is taken. If the standard solutions used are N/10 
nitric acid, and a solution of silver nitrate containing 13°05 g. per liter then the 
following are the factors for the different results :— 


Total cyanide (as KCy) —=TX0-02%. 
Protective alkali (as KOH) =p X0-0112%. 
Alkaline hydrate (as KOH) =hx0-0112%. 
Alkaline carbonates (as K,CO,) =(p—h) x0-0276%. 
Ferrocyanide (as K,FeCy,) = (Z—S) X0-:0351%. 
Zine =2Z%X0-0081%. 


Electromotwe Force of Metals.—The most important contribution to the 
theoretical side of the subject that has recently appeared is an article by Prof. 
S. B. Christy having the above title, which was published in Vol. XXX. (p. 864) 
of the Transactions of the American Institute of Mining Engineers. 

In the following review considerable matter of interest has been omitted, atten- 
tion being called only to those sections which bear most directly on the cyanide 
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process. In the original paper the results if his determinations of the E.M.F. 
of various metals and ores in solutions of potassium cyanide of different strengths 
are given. A portion of the table is as follows :— 


Strength of KCN Solutions. Strength of KON Solutions. 


M M M M M M M. M 
ny 10 100 | 1,000 1 10 100 | 1,000 
(65%) | (0°65%) | (0°065¢) |(0-0065%) (6°5%) | (O°65z) | (0°065%) |(0°0065x) 


Volts. coe N : Volts. | Volts. 
+0°23) +0:0¢ : —0°43 —0°55 
+0°15 : . —0°50}  —0°55 
+0°62 : 16|| Pyr —0°28 —0°42 
+0°77 : : Magnetopyrite.....| —0°30 —0°40 

Zinc amalgamated.| 0° 0°82) : : Argentite —0.28 —0°56 
Lead : -+-0°05 : Stephanite —0°54 —0°55 

(?) +0°01 a) Fahl ore —0°36 —0°52 

—0°24 : Arsenopyrite —0°40 —0°45 

+0: +0°25 a Stibnite —0°56) —0°56 

Copper glance..... ? : +0°25 ‘ : Ruby silver......,.] —0°54 —0°538 
Chalcopyrite 0: —0: a : .| —0°48 —0°52 


In, above table Mone gram-molecule of KCN (65 g.) dissolved in 1, 10, 
100 or 1,000 liters of water. 

The meaning of the signs + and — may not be clear to those who have not 
kept in touch with the modern theories of electro-chemistry, and for their benefit 
some explanation is necessary. In order to understand just what they signify, 
a clear idea must be had of the nature of solutions. 

The phenomenon of osmosis and the pressure produced by it have long been 
known, but it remained for Pfeffer to show how to measure this pressure, and 
for Van’t Hoff to prove that it followed the laws of gases in every particular, 
and that in a solution “the osmotic pressure of a dissolved particle is exactly equal 
to the gas pressure of a gaseous particle at the same temperature and concentra- 
tion.” That is to say, for example, in a solution of sugar in water each molecule 
of sugar in the solution will exert exactly the same pressure as would each mole- 
cule of any gas, such as hydrogen, of equal molecular concentration and at the 
same temperature and volume, or, in other words, the molecules of sugar in the 
solution obey exactly the same laws as if they were gaseous particles. 

It was soon found that there were exceptions to the rule, and that some sub- 
stances gave abnormal osmotic pressure when in solution. Those acting in this 
manner comprised almost all the bases, acids and salts, and until Arrhenius 
cleared up the difficulty it was a great stumbling block for the new theory of 
solutions. He proved, however, very conclusively that these substances when in 
solution are dissociated, to a greater or less extent depending on the degree off 
dilution into so-called ions. The molecule of potassium chloride, for example, 
would dissociate with the ions K (potassium) and Cl (chlorine), the metallic 
ion (K) carrying a charge of positive electricity, and the other a negative charge. 
This dissociation does not seem so strange when we remember that some gases 
give abnormal vapor densities, and that it is now fully established that this devia- 
tion from the law is due to dissociation of the molecule. 

One point that is of special interest in this connection is that only those sub- 
stances conduct the electric current which are at least partially dissociated, and 
therefore the conductivity is due to the dissociated parts or ions. Every one is 
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familiar with the fact of vapor tension or pressure and knows that when a solution 
or solid evaporates into a closed space an equilibrium is established at a certain 
definite pressure for a certain temperature. Nernst reasoned as follows: “If, 
in accordance with Van’t Hoff’s theory, we assume that the molecules of a sub- 
stance in solution exist also under a definite pressure, we must ascribe it to a 
dissolving substance in contact with a solvent, similarly a power of expansion, for 
here also the molecules are driven into a space in which they exist under a 
certain pressure. It is evident that every substance will pass into solution until 
the osmotic partial pressure of the molecules in the solution is equal to the 
solution tension of the substance.” Applying this principle to metals, suppose 
a metal be placed in water—the metal, owing to its solution pressure (P) tends 
to send ions into solution, these ions being charged with positive electricity, 
leave the metal negative and there is soon formed the so-called double layer of 
Helmholtz, that is, the positive ions in the solution and the negative metal attract 
each other and a certain potential difference is produced. Solution of the metal 
can only go on so long as the solution pressure (P) is greater than the electrostatic 
attraction of the double layer. This is in pure water—with a metal in a solution 
of one of its salts another force comes into play, due to the metallic ions of the 
metal already present. The osmotic pressure (p) of these ions opposes the en- 
trance of new ions of the same kind. If the osmotic pressure is exactly equal 
to the solution pressure of the metal the latter will yield no ions. It will not 
become negatively charged and no double layer will form, consequently no poten- 
tial will be produced. If the osmotic pressure is less than the solution pressure 
ions of the metal will not go into solution until P=p, and the metal will be 
negatively electrified and the solution positively, and an electric double layer will 
be formed and a potential difference established and the direction of the positive 
current will be from the metal to the solution. When the osmotic pressure is 
greater than the solution pressure the reverse action takes place and metallic 
ions from the solution carrying their positive charges are precipitated on the 
metal and the solution becomes negative and the metal positive, and the positive 
current travels from the solution to the metal. This action goes on as in former 
case until P=p. 

We are now in a position to understand the meaning of the signs + and — in 
the table, the ++ corresponding to the second case P>p, that is, the metal tends 
to dissolve in the solution. The — sign corresponds to the last case Pep, that 
is, the metallic ions in the solution tend to precipitate on the metal, and unless 
outside energy is brought into play the metal will not dissolve. 

To make the matter still clearer, take the common Daniel cell containing zine 
in zinc sulphate and copper in copper sulphate. It has been found by experiment 
that zinc in zine sulphate is + (P>p) with a potential difference of +0°521V, 
and that copper in copper sulphate is —(P <p) with a potential difference of 
—0-585V, hence in the combination of the two the zinc tends to go into solu- 
tion with a force equal to 0°521V and the copper ions in the solution tends to 
precipitate on the copper (and producing a current in the same direction as the 
zinc ions) with a force equal to 0°585V, and as these two forces both act in the 
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same direction the total voltage of the cell will be equal to their sum, viz., 1:10V. 
It may be represented in this way :— 
Zn/ZnSO,—CuS0O,/Cu 
>0-521V: >0-585V. 
Total, >1-10V. 

The arrows indicate the direction of the current. 

If both metals had had P>p then the two forces would have been in opposite 
directions and the voltage of the cell would be the difference between the two. 
Take, for example, Zn in M/10KCN and gold in M/KCN, the result (see table 
of E.M.F.) would be expressed as follows:— 

Zn/KCN—KCN/Au 
> 107? 10-236 
> +0°54V 
and the E.M.F. of the couple would be 0°54V. 

Knowing now the meaning to be attached to the signs, as pointed out by! 
Prof. Christy, many points of interest will be found in the table bearing on 
the solubility of the various substances in potassium cyanide. The action in 
copper minerals is worthy of note, apparently showing that bornite and copper 
glance are soluble in solutions of as high dilutions as M/10 (0°65%) and the 
latte even at M/100 (0-°065%) ; bornite, however, in a solution of that strength 
being insoluble. Chalcopyrite and all the other sulphides given are seen to be 
strongly electro-negative (insoluble). Prof. Christy calls attention also to the 
fact “that a particle of gold in contact with a particle of pyrite forms a galvanic 
couple in M/1 or 65% KCN equal to +-0°65V; in M/10 or 0°65% KCN golu- 
tion +-0-65V ; and in M/100 or 0°065% KON +0:57V.” Between zine and gold 
under the same circumstances in solutions of M /1, M/10 and M/100 there are 
voltages of +-0:54V, +0-50V and +0'77V, the zine going into solution and the 
gold being precipitated. According to these figures, zinc’ should readily precipi- 
tate gold from very dilute solutions, and its failure to do so in practice may be 
due to the formation of films of cyanide or zine hydrate on the surface of the 
gold, thus preventing contact. The fact that the addition of a small amount 
of potassium cyanide in the zinc boxes starts precipitation again seems to favor 
this explanation. As to gold, it ceases to dissolve in potassium cyanide at some 
point between M/100 and M/200 and that at M/1000 it is quite strongly negative. 

On plotting the results obtained with solutions of various strengths it was 
found that the voltage curve crossed the zero point at a dilution of 0-:044% KON, 
that is, gold ceases to have any tendency to dissolve in solutions weaker than this. 
But much weaker solutions have been used in practice, and Prof. Christy’s experi- 
ments show that solutions as dilute as 0-00325% KCN or possibly even so dilute 
as 0:0016% have a solvent action on gold. This apparent contradiction he ex- 
plains in a very satisfactory manner, as will be shown later in this article. 
In order to understand his explanation it is necessary to become familiar with 
his method of determining the E.M.F. of the different metals, ete. For this 
Ostwald’s normal electrode was used, which consists of mercury covered with a 
layer of mercurous chloride and a normal solution of potassium chloride. This 
is contained in one vessel and the metal to be tested is placed in another con- 
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taining the KON solution, the two vessels being connected by a siphon filled 
with 4 solution of potassium chloride. The E.M.F. of the normal electrode 
has been very exactly determined as —0-56V. That is, the mercury ions of the 
solution tend to precipitate themselves on the surface of the mercury with a force 
of 0°56V. In other words, the positive current tends to flow through the solu- 
tion to the mercury, the conditions in the complete cell being as follows:— 
An/KCN—KCl—Hg,Cl,/Hg 


> 
0°09 0'56V. 


Weer BT 
0:09-++0°56=0°65V. 

Suppose a solution is taken of KCN of 0:065% and in determining the voltage 
of the complete cell find it to be 0°65V, it is plainly evident that the E.M.F. due 
to the gold is +-0-09V, being the difference between the total voltage 0-65 and that 
of the normal electrode 0°56V. It is also evident that the current at the gold 
electrode is in the direction of the arrow. 

Suppose now a solution of KCN of 0:0065% is used in place of the stronger 
one and on determining the E.M.F. of the combination it is found to be +-0°18V. 
It is plain that the gold no longer tends to go into solution (Pep) and that 
the current due to it is reversed, thus :— 


An/KCN—KCl—Hg,Cl,/Hg 
<a > 
0°38V. 0'56V. 
>h.M.F. of cell 0°18V. 

Here are two opposing forces, and since that of the mercury ions is the stronger, 
it determines the direction of the current in the cell, but owing to the counter 
action of the gold ions it has only a force of 0°18V. 

According to Prof. Christy, the action of a couple of this character will con- 
tinue and the gold dissolve “so long as the H.M.F. of the combination is greater 
than zero and, as we have seen in my experiments, long after the electromotive 
force of the gold in the dilute cyanide solution has become zero. For the tendency 
of the mercury ions to discharge into the mercury electrode can only effect its 
purpose and cause a current by the simultaneous solution of the gold, that is, the 
tendency of the positively electrified ions of mercury to discharge themselves can 
cause the gold to dissolve long after its own electromotive force has ceased.” 

He then goes on to show that in the oxygen of the air we have a substance 
that acts practically in the same way as the mercury ions, producing a current 
that continues long after the E.M.F. of the gold has fallen below the zero point. 
This he proves by a very simple experiment made as follows: Two small por- 
celain cups were taken, one filled with KCN solution freed from oxygen and 
the other containing a similar solution saturated with oxygen. The two vessels 
were then connected by a siphon and a gold electrode placed in each and con~ 
nected through a galvanometer and resistance coil. A current was found to 
flow through the solution from the electrode in the cup containing no oxygen 
to the one in the cup containing oxygen. In one experiment cited the electrode 
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in the cup free from oxygen lost 1°28 mg. and the other 1°73 mg. Many other 
experiments showed that the current flowed in the same direction and that there 
was a solution of the gold in the cup containing no oxygen. The fact that more 
gold was dissolved in the cup containing oxygen than in the other he explains 
as being due to local action between the gold and the hydroxide (OH) ions. 
The appearance of the electrodes is also said to corroborate this explanation, for 
the one in the cup free from oxygen was more evenly acted on than the other, 
the latter being “eaten into in a remarkable manner.” 

Using hydrogen dioxide instead of air in the cell his results were even more) 
conclusive, the gold electrode in the cup containing no oxidizer dissolving more 
freely than in the one containing the dioxide. In one case the former lost 
13°25 mg. and the latter 9:2 mg., and in still another the losses were 24°06 mg. 
and 13°25 mg., respectively. In both cases the electrode in the solution con- 
taining no oxidizer suffered the greater loss. 

The peculiar fact discovered by McLaurin,® that the maximum solubility of 
gold in cyanide is in a solution containing between 5 and 10% KCN is explained 
as due to the fact that under this condition the sum of the two forces tending 
to dissolve the gold is greatest. The E.M.F. of the gold has reached nearly its 
highest point and the E.M.F. of the oxygen is greater than in more concentrated 
solutions, for McLaurin proved by his experiments that the more concentrated 
the cyanide the less the amount of oxygen dissolved. 

Here are two forces bearing an inverse relation to each other that tend to dis- 
solve the gold, and their maximum effect is at the dilution named, viz., 5 tol 
10% KON. 

From the results of his experiments Prof. Christy concludes that in the cyanide 
process as practiced the solution of the gold is probably due to local action: 
between it and the hydroxyl (OH) ions (formed by the action of O and H,0O) of 
the solution, and that for all practical purposes an aérated cyanide solution of 
less than 0:001% KCN is without action in gold. He also states “that the 
differences of E.M.F. of metals in dilute cyanide solutions do not give much, 
support to the so-called ‘selective affinity’ of dilute cyanide solutions for gold, 
the only common metal that shows any indication of such favorable action being 
copper.” 

Assay of Zinc Precipitates——Charles H. Fulton and Charles H. Crawford?° 
first tried the scorification method and found it very unsatisfactory, the results 
obtained being low, evidently caused by excessive volatilization and loss in the 
slags. The crucible method was then used and found to give the highest average 
result (after correction for loss in slag) on gold but not on silver. The loss of 
precious metals in the slag was found to be very variable and while the method 
in many cases gives the highest results in others it gives low ones, although the 
conditions as to charge and heat are the same in all cases. The most satisfactory 
charge by this method was one recommended by Magenau, viz., 0°1 assay ton 
precipitates, 70 g. litharge, 5 g. sodium carbonate (dry), 1 g. flour, 5 g. silica 


5 
and 2 g. borax glass. A combination method was then tried, the precipitate being 
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first boiled with nitric acid and then salt solution added to precipitate the silver, 
as well as some lead acetate and sulphuric acid. The precipitate was filtered, 
washed and scorified. The results for gold were found to be far too low, while 
for silver they were higher than by the crucible assay. This seemed to indicate 
that some of the gold had dissolved in the nitric acid and tests made proved that 
such was the case. This method was replaced by one using sulphuric acid 
instead of nitric acid as follows: 1:1 assay ton of precipitate was heated with 
20 ¢.c. concentrated sulphuric acid and 60 cc. water. This was boiled for one 
hour, cooled, diluted to 100 c.c., and 75 ¢.c. salt solution, and 20 cc. of lead 
acetate solution added, allowing the precipitate to settle for one hour, then, 
filtered, washed and dried. Care was taken to wash the precipitate into the 
point of the filter. The paper was burned off at a very low heat and the residue 
scorified until half covered over in the scorifier, then poured and the button 
cupelled. From 30 to 40 g. lead were used. The results were good and as uni- 
form as can be expected with material of this kind. The gold is lower than in 
the crucible assay (about 6 oz. per ton) while the silver is higher. The slag cor- 
rections are relatively small. In conclusion the authors recommend either the 
combination sulphuric acid method or the crucible method, preferably the former. 
In using the sulphuric acid method care must be taken that the acid contain 
no nitric acid. The slag and cupels should be reassayed in order to add the 
proper corrections. 

Zinc versus Electrolytic Precipitation—(By Philip Argall.)—In THe MIN- 
prat LNpustry, Vol. VL, I stated that “the method of precipitation by means of 
zinc has been very often criticised, but nevertheless it has stood the test of 
time, and for solutions running from 0:05% cyanide upwards, and low in gold, 
it is likely to continue for a considerable time to come the best precipitant of 
gold from cyanide solutions. To this strength at least electrical methods have a 
fair field; for solutions carrying over 0°10% cyanide I cannot see the slightest 
chance for electrical precipitation to compete with zinc.” 

A few months after writing the above, the results of large working tests with 
zinc alloys and couples clearly demonstrated that for any strength of solution, 
zinc can at least hold its own against electrical precipitation. Later when the 
process was in daily use, sundry improvements in details brought up the results 
considerably beyond my expectations. Complete records covering a period of 
17 months, during which about 150,000 tons of solution were treated, showed that 
the average value of the solution entering the precipitators was 0-068 oz. gold, 
while that leaving was 0-005 oz. gold. ‘The average strength of the solutions 
in cyanide being 0-031%, the precipitation of gold from these low-grade solu- 
tions is therefore 92°6%. A careful list of all the costs incidental to this 
precipitation for the entire period of 17% months showed that the actual ex- 
pense of treating one ton of solution and marketing the bullion, was 1°5 cents. 
Reckoned on a basis of bullion recovered, the costs per oz. were: Zine, etc., 
12c.; crucibles, 4c.; acid, 1°106c. ; soda, 0°4484c.; borax glass, 1°6036c.; niter 
and minor fluxes, 0°146c.; litharge, 0°306c. ; coal and coke, 0°74c.; labor, 6°8c. ; 
unclassified, 0°29c.; total, 23°84c. 

The average assay of the wash water for December, 1900, showed 0°045 oz. 
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gold and 0:032% KCN before precipitation and 0-003 oz. gold and 0:028% KON 
after précipitation. 

Continuous samples of the solutions entering and leaving the precipitators 
were taken off and assayed every 12 hours, hence the foregoing averages for De- 
cember, 1900, are based on two samples per day for 31 days, er 62 samples for 
each precipitator. The record for the 17 months previously described was taken 
ina similar manner, and all items of cost carefully tabulated; the results, there- 
fore, are correct in all practical details for commercial work. 

The precipitation averaged 94% and the gold value of solution leaving the 
precipitators was from 4 to 6c. per ton. There is nothing exceptional about 
these results, which represent what can be done with zine under ordinary working, 
and indicate the conditions against which electrical precipitation must compete. 
The zine consumption in the table is excessive, on account of close clean ups 
when active zinc was destroyed in order to recover values; this is a matter of 
importance in a custom mill, but of little consideration in a mine plant where 
the gold stock in the precipitators does not represent a cash expenditure of $20 
per oz. Making allowance for this item, the cost could be reduced to 1:25c. 
per ton of solution, and even to 1c. per ton when working on a large scale. 

The precipitation of the precious metals on zinc being so far perfected that 
solutions containing but a trace of cyanide and a few cents per ton in precious 
metals could be treated profitably, more attention was paid to a thorough and 
complete washing of the tank charges with fresh water. 

It was known that in charges of from 25 to 30-mesh roasted ore containing 
25% of material passing 200-mesh screen, the washing of the finer material was 
a difficult and tedious operation. On a large scale, I have used ag much as 2 
tons of fresh water per ton of ore in the charge, and in exceptional cases, 3 tons, 
exclusive of the residual water discharged with the tailings; while for the last 
three years my practice has been to pass through the charges not less than 1°5 
tons of fresh water for each ton of ore, and where circumstances permitted, from 
2 to 2°5 tons for each ton of ore. 

This practice necessarily gave very weak terminal solutions, the final drains 
from the tanks seldom showing more than a trace of cyanide but not less than 
dc. in gold per ton, unless the washing was carried up to or beyond two parts 
of water to one of ore. Hence complete washings are very important. 

This work demonstrated further that fine and coarse ore, t.¢., from 50. to 
150-mesh, should not be worked in tanks with ore below 200-mesh in either 
a dry or wet crushing process, and that quicker and better results can be ob- 
tained by working the infinitesimally fine ore separately from the coarser. Ores 
of 200-mesh can be as easily leached as ores of 30-mesh, if the usually light 
and flocculent material is removed that fills up the interstitial space between 
the 200-mesh particles, retarding or entirely preventing percolation. This light 
material is here designated as infinitesimally fine ore. By experiment it was 
found that the removal of the infinitesimally fine material in 150-mesh product 
to the extent of but 20%, rendered an impervious ore amenable to rapid per- 
colation. I do not lose sight of the fact that in dry crushing, the fine and 
coarse ores are so well mixed that they are readily and cheaply leached together ; 
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but I wish to go on record as stating that with ores of $15 per ton gold value 
or upwards, better work can be done by removing the infinitesimally fine ore and 
subsequently treating the coarse and fine material separately. 

Returning to the weak solution of wash water, while the final drains were about 
ax given, the average solution passing to the precipitators was much richer, as it 
contained solution from tanks of various stages of completion. 

The determination of the values in these low-grade solutions, in a quick, cheap 
and commercially accurate manner, gave at first quite a little trouble. The 
ordinary method of evaporating 1 or 2 assay tons in a lead tray, and then roll- 
ing up and cupelling the foil, did not give weighable results; for some time, 
therefore, we were forced to evaporate 500 c.c. of solution for each sample; a long 
and tedious process. 

Experiments on various precipitants were taken up, zinc dust, which had proved 
so effective in large scale operations, being among the very first, but in this small 
way it was found wanting; however, on moistening the powdered zinc with lead 
acetate, and agitating for two hours, excellent results were reached. The method 
was used for several months. On further and more complete investigation, how- 
ever, the following assay method for the zinc precipitation of gold in low-grade 
evanide solution was adopted, which gave quiek and perfectly reliable results, 
and was used for all low-grade solutions to the exclusion of other methods. 

Take 500 c.c. of the solution to be assayed, or for greater convenience, prepare 
a measuring flask to hold 20 assay tons of the solutions. Take a tall beaker, 
add 7 g. of zinc dust, and pour in the 20 assay tons of solution; next add 10 c.c. 
of commercial sulphuric acid, stir well with a glass rod, and cover with a watch- 
glass. When the action begins to fall off, add a further 10 cc. of acid. The 
precious metals will be completely precipitated in from 10 to 20 minutes, but 
the solution had best be left in the beaker till the zine is practically dissolved, 
usually occupying 40 minutes. A smaller quantity of zinc should not be used, and 
if the gold and silver is over 0°05 oz. per ton, 10 g. should be taken. 

When the action is completed, filter, add 2 g. of silica to the residue on the 
filter-paper, fold, place in a 10-g. crucible, incinerate in the muffle, remove crucible 
and when cool add 10 g. each of flux and litharge, thoroughly mix in the crucible ; 
fuse, cupel, weigh and part in the usual manner. The flux used consisted of 42 
parts potash, 84 sodium bicarbonate, 42 borax glass, and 9 of flour. Should copper 
be present in solution, a larger proportion of flux will be required, and scorification 
may be necessary. The solution on which this assay method was used varied from 
(0100 to 0°001 oz. gold per ton, and from 0°035% to 0°005% KCN, though it can 
be used on any solution if sufficient zinc dust is added to precipitate al] the 
precious metal present. 

This assay method was tested against evaporation to dryness with litharge and 
assaying the residue, and with ordinary care was found to give most excellent 
results. A few of the tests made on 20 assay tons of solution are given on the 
following page. These tests are from daily routine work, and show that the 
assay by the zinc method is as safe and reliable as that by evaporation. Its ad- 
vantages over the latter method are that it is more economical, both in time and 
expense, and requires less attention. 
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Evaporation.........:... “004 “002 006 Evaporation...... ane nie 
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Evaporation 096 "0035 “004 Evaporation............ 
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Evaporation 100 003 003 
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Mr. C. W. Merrill had some tests made with thig zinc assay on solutions con- 
taining 0°03% copper which gave results several per cent. lower than the method 
in use at his works. Upon investigation the discrepancies were found to be due 
to losses subsequent to precipitation ; when 10 to 20 assay tons of a solution carry- 
ing 0°8 oz. gold, and 0°4 oz. silver per ton were used, no trace of gold or silver was 
found to have escaped after evaporating and assaying the filtrate. 

A series of assays was then made with the following results :— 


Gold. | Silver. 
Method. e 


Remarks. 
Value. 


Argall 

Scorification 

HYAPOTAbION so... s asec eeln tenses 
Evaporation 

Argall 


$0°1614 | ) With 40 g. of flux. 
0°17 | Zine precipitation. 
0°17 
0°17 Front row in muffle. 

0°16 | Seco 40 g. flux. 


0°16 Second row in muffle. 
0°16 


#& CO CO H&A 00 CO 


—_— 


It will be observed that the correspondence between the methods is very close. 
More care, however, was taken with the tests than is usual in ordinary practice. 
The evaporation method was more rapid, but this may be partially accounted for 
by the fact that only 4 assay tons were used; moreover the operator was hampered 
by lack of conveniences for carrying out the zinc dust method. 

Mr. Merrill states that the results marked “Argall” were obtained by precipita- 
ting 8 assay tons with 7 g. of imported zinc dust (2°75% lead), and adding two 
lots of 10 ¢.c. each of sulphuric acid, filtering as soon as the zinc was practically 
all dissolved, using a rapid filter-paper, washing twice (this is not necessary), 
sprinkling with 4 to 5 g. of silica, transferring to crucible and burning at low 
temperature. 40 g. of flux were used, two-thirds being mixed with the ash,j 
etc., and the remainder used as a cover. The zinc dust scorifier results were ob- 
tained by precipitating and filtering exactly as before. 25 g. of granulated lead 
were taken ; one-third being put in the bottom of a 2°5-in, scorifier and one-third 
sprinkled over the filter-paper and precipitate, which was folded and covered in 
‘corifier with the remaining lead. This was then dried at the muffle door and 
scorified for 10 minutes. The evaporation results were obtained by evaporating 
4 A.T. to one-third bulk in a stoneware saucer, adding 70 g. of mixed flux 
(litharge 48, silica 20, charcoal 1:8), drying, mixing with 14 g. of soda ash, wiping 
cut saucer with filter-paper moistened with dilute nitric acid, and adding this with 
a little litharge on top of charge, which was melted 25 minutes. 

Mr. C. A. Hoyt, who used this zinc-dust assay method for some time, gives 
the following details as to results :— 

The filtration from the zine precipitate was conducted in 15 funnels over a 
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V-trough which led out of the building, this being the quickest way to filter. For 
20 assay tons of the solutions a slightly heaped teaspoonful of zinc dust and about 
10 to 15 c.c. commercial sulphuric acid were used. The actual precipitation is 
probably completed within 15 minutes, but it is better to let nearly all the zinc 
dissolve before starting to filter. The time required for handling 15 solutions 
was about four hours, as follows: Precipitation, 40 minutes; filtering, 30 minutes ; 
burning filter and precipitate in muffle, 10 minutes; cooling crucible and fluxing 
same, 30 minutes; fusion in hot furnace, 30 minutes; slagging and cupelling, 
40 minutes; parting and weighing, 60 minutes. This is a rough estimate of the 
average time required for 15 solutions, and no doubt the time could be shortened 
with better facilities. 

The assay method is here published with the hope that it may prove as useful 
to others as it has to myself for rapidly and accurately determining the gold and 
silver contents of low-grade cyanide solutions. 


Revirw or ANALYTICAL CHEMISTRY OF GOLD AND SILVER DURING 1901. 


By Epmunp H. MILLER. 


THE detection of small quantities of gold and silver is described by Luther 
Wagoner’ giving methods of determining infinitesimal quantities of gold and 
silver by cupellation and measuring the bead by the microscope and calculating its 
weight from the diameter. Tested in this way ordinary assay reagents, as sodium 
salts, acids, lime, borax, etc., all contained silver, while potassium cyanide showed 
both gold and silver. 

A variety of rocks, as granite, sandstone, syenite, marble, etc., contained both 
gold and silver. Gold, from 21 to 1,130 mg. per 1,000 kg.; silver, from 201 to 
15,430 mg. per 1,000 kg. In sea water gold was found to the extent of 1171 mg. 
per metric ton, or about $0:0067 per ton of 2,000 lb. 

Prof. Richards of Lehigh? describes the measurement of gold and silver but- 
tons obtained by quantitative blow-piping by a new kind of scale. “The idea is 
{9 make two metallic edges, perfectly straight, lying on a flat surface, touching 
each other at one point and held apart at the other extremity by a set-screw ; 
so that the point 100 may indicate a fixed width or separation of almost 
exactly 1 mm.” In using the scale the button is put into the groove, the scale 
inclined slightly and tapped until the button wedges itself, and the diameter read 
off on the scale to tenths of a millimeter.. For further directions and the neces- 
sary tables the original article must be consulted. 

E. A. Smith? has collected and reviewed the best methods for assaying of com- 
plex gold ores. With a few exceptions, which are brought out in the discussion 
printed with the article, the article presents recent American practice, and is use- 
ful for students, as it gives an excellent résumé of the methods for certain ores. 
It contains nothing new to American assayers. 

Holborn and Day‘ give the melting point of pure gold as 1,063°5°C. 


1 Paper read before the American Institute of Mining Engineers, November, 1901. 
2 Journal of the American Chemical Society, April, 1901, p. 203. 

3 Transactions of the Institution of Mining and Metallurgy, Vol. IX., p. 315-61. 

4 American Journal of Science, February, 1901. 
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L. W. Andrews® has devised a new method for the titration of silver by the use 
of iodide of starch solution, as originally proposed by Pisani, but under entirely 
different conditions, as the reaction takes place in a nitric solution in the presence 
of both ferrous and ferric salts. The reaction is as follows:— 


xAgNO,+2Fe(NO,).+1,=2AgI-+2Fe(NO,).. 


The end point is the blue of the standard solution, so-no other indicator is 
required, and in this respect the method has the same good feature as potassium 
permanganate. Preparation of the solution—50 g. of washed starch are rubbed 
up with 8 or 9 g. of sublimed iodine, and the mixture with 100 c.c. of water, is 
transferred to a wide tube of heavy soft glass, sealed and heated for several hours 
In boiling water; then diluted and filtered through a hardened paper. From this 
solution N/20, N/50 or N/100 solutions can be prepared by dilution. The 
strength of the solution must be determined by titration against silver and not 
against sodium thiosulphate for a portion of the iodine present is in a condition 
(analogous to an alkyliodide) which reacts with silver but not with thiosulphates. 

The conditions for titration are as follows: The solution is to be acid with nitric 
acid, but must not contain over 5% chlorides,.bromides, iodides, cyanides, thiocy- 
anates ; also, mercury salts and arsenic or antimony in the triad condition must not 
be present. Sufficient ferrous sulphate or nitrate must be added so that the iron 
present will equal the silver; then an equivalent quantity of the same ferric salt. 
An excess of iron salts is without influence. When very small amounts of silver 
are present (less than 20 mg.) the sulphates can be used, but if a considerable 
quantity of silver is to be determined, nitrates must be used to avoid the formation 
of silver sulphate. The iron salts are best kept in the form of sulphates, and be- 
fore use converted to nitrates by a measured excess of lead nitrate. The titration 
should be made slowly with stirring in a casserole to give a white background. 
The end point is so sharp that variations in dilution are practically without effect. 
Copper and lead nitrates have no influence on the results. 

For the determination of large quantities the author recommends that most of 
the silver be precipitated by sodium bromide, and the filtrate titrated by the iodide 
of starch method. The only drawback to this method seems to be the trouble of 
preparing the standard solution, and even though it does not displace the familiar 
and well proven methods of Gay Lussac, Mohr, and Volhard, it represents in its 
development an excellent piece of chemical work. 

R. G. van Name® shows that while silver thiocyanate is not suitable as a means 
of determining silver gravimetrically on account of its solubility in an excess of 
alkali thiocyanates, yet it is an excellent means of estimating thiocyanic acid, by 
using an excess of silver nitrate, filtering on a Gooch crucible, and drying at 
a hae Op 

A. Hollard’ describes a method for the determination of silver in ores such as 
galena—by dissolving in nitric acid, ete., then electrolyzing from a cyanide solu- 
tion, and finally titrating by Volhard’s method and states that it can be applied to 
crude copper. Scorification seems simpler. 


5 Zeitschrift fuer Anorganische Chemie, 26, p. 175. 8 Ibid., 26, p. 285. 7 Ann. Chim. Anal. Appl., 6, 251-8. 


GRAPHITE. 


THE production of crystalline graphite in the United States during 1901 
amounted to 3,967,612 lb., valued at $135,914, as compared with 4,103,052 Ib., 
valued at $164,122 in 1900. As in previous years, the mines in the Ticonderoga 
district, N. Y., produced the greater part of the output, although the mines of 
Chester County, Pa., and Barton County, Ga., contributed considerable quantities. 
The mine in Clay County, Ala., which was inoperative during 1900, produced 
approximately 150 tons of crude graphite during 1901. The production of 
amorphous graphite in the United States during 1901 was 809 short tons, valued 
at $31,800. Under this head is included the so-called graphitic anthracite of 
Rhode Island, which is of structure between scaly and granular and contains as 
much as 52% C in selected samples, and the so-called Baraga graphite of 
Michigan, which in reality is a carbonaceous schist. In addition to the produc- 
tion stated above there has been considerable activity in developing graphite 
mines in South Dakota, Georgia, Montana, New Jersey and North Carolina, and 
in the aggregate some 25,000 tons of material has been mined and is awaiting 
the selection of proper concentrating processes to convert the product into salable 
form. 


THE PRODUCTION, IMPORTS AND CONSUMPTION OF CRYSTALLINE GRAPHITE IN THE 
UNITED STATES. 


Production. (a) Imports. Consumption. 
Year. a F 
Pounds. Value. (6) Pounds. Value. Pounds. Value. 
WOT a ea Sas 993,138 $44,691 19 113,920 270,952 20,107,058 $315,648 
TROBS eah ees his 1,647,679 82,385 80,199,680 748,820 31,847,359 826,205 
TROD SG Gee cccte cree's 3,632,608 145,304 41,586,000 1,990,649 45,218,608 2,135,953 
DOOD SS Sitictsiteceis.« 4,108,052 164,122 32,298.560 1,390,141 86,401,612 1,554,268 


MOOR castestactes sae 3,967,612 135,914 82,076,860 895,375 86,044,412 1,031,289 


(a) Production of refined graphite only; of amorphous graphite there were produced 1,200 tons ($11,400) in 
1897, 1,200 tons ($11,400) in 1898, 1,030 tons ($8,240) in 1899, 1,045 tons ($8,640) in 1900, and 809 tons ($30,800) in 
1901. (6) Nominal. 


Special interest has been attracted to the mineral graphite in recent years, 
due to its increased domestic production, prices and importation. For a long time 
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curious prejudices existed which hampered the development of the industry, and 
considerable confusion frequently resulted from the different names which have 
been used to designate the mineral—plumbago, black lead, pot lead, etc. Latterly 
the high prices of graphite and the small supply have done much to remove these 
prejudices, and the advent of artificial graphite, together with the attempt to 
market a variety of grades of graphite from new prospects have helped to develop 
the industry. The bulk of the supply of the best grades of graphite continues to 
be obtained from Ceylon, and probably amounts to from 75 to 80% of the total 
consumption of the United States. The great activity in the metal trade during 
the past few years has resulted in the increased consumption of crucible graphite 
and other high grades, which has been further augmented by the increased use 
of graphite as a paint pigment, as a lubricant, and in electrical work; for the 
last-named use no substitute for graphite has yet been found. The demand for 
a lubricant which will: withstand the heat due to high pressure and high speed 
has led to the use of graphite, which fulfills these requirements. In December, 
1901, United States Patent No. 697,996 was allowed to Mr. W. F. Downs, of 
Jersey City, N. J., for a lubricant consisting of particles of a solid lubricant 
coated with an oil in which it is insoluble and suspended in an enveloping oil with 
which the coating-oil is not miscible, which promises to increase largely the con- 
sumption of graphite for this purpose. 

The preservation of the life of steel structures has demanded the attention of 
the civil engineers, and at many of the meetings of the engineering societies in- 
terested in structural iron work papers have been read during the past few years 
of the various means of prolonging the life of steel structures. The consensus 
of opinion is largely in favor of a carbon or graphite pigment in the paints or 
coatings used, and, as a consequence, the manufacture of graphite paint, using 
as a raw material the amorphous graphite from certain deposits in Michigan or 
the artificial product from the electric furnace, has been very greatly increased. 

Alabama.—The Allen Graphite Co. operated a mine in Clay County, and was 
the only producer during 1901. The Alabama Graphite Co., with mines in 
Cleburne. County, reported no production. 

Michigan.—The Hathaway Graphite Manufacturing Co., with mines at L’Anse, 
Baraga County, reported an increased output of amorphous graphite for 1901; 
the product is of low grade and suitable for foundry facing, paint, and similar 
uses. 
~ Montana.—The Crystal Graphite Co. shipped a few sample lots of graphite ore 
East, from its mines near Dillon, to test its suitability for crucible manufacture. 
The product is crystalline and of high grade, closely resembling the Ceylon 
variety. : 

New Hampshire—The American Graphite Co. is reported to be erecting a 
refining plant at its mines in Merrimac ey) A tunnel 120 ft. in length 
has been driven at the principal mine. 

New York.—In the northern part of the State graphite occurs in schistose 
rock and, while seldom carrying more than 10% of mineral, it yields by far the 
greater part of the output of crystalline foliated graphite production of the 
United States. The production of graphite during 1901 from the two mines 
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owned by the Joseph Dixon Crucible Co., located at Graphite and Hague, near 
Lake Ontario, has not changed materially from that of the previous year. The 
mine and plant at Buck Landing, near Ticonderoga, and a plant at Johnsburg, 
N. Y., which began operations in 1900, were shut down owing to an insufficient 
supply of ore. The mine and plant at Pottersville is being enlarged and de- 
veloped by the International Graphite Co., but the presence of a continuous and 
paying ore body has yet to be demonstrated. Gray Brothers, at Ticonderoga, 
have a’ promising prospeet at Rock Pond, midway between it and Schroon 
Village; though little development has been done, surface outcroppings indicate 
a considerable body of low-grade ore. This property will be further exploited 
by a recently organized company. 

Pennsylvania.—The only concern reporting a production of graphite during 
1901 was the Philadelphia Graphite Co., whose mine is situated a mile east of 
Chester Springs, Chester County. The mineral occurs in two layers of disin- 
. tegrated mica schist respectively 4 ft. and 6 ft. in thickness. In mining the 
drifts are run in on the hillside following the layers; the rock is so disintegrated 
that most of the graphite material can be removed with the pick and shovel with- 
out the aid of blasting. At the mill the ore is crushed in rolls and cleaned in 
a washer similar in principle to the common washer used at clay works. After 
washing it is again ground and further refined by means of air currents and 
separated into different grades. At another point, Byers, at the end of the Picker- 
ing Valley branch of the Philadelphia & Reading Railway, several miles below 
Chester Springs, graphite has been mined in considerable quantities in recent 
years. The ore is of a low grade and has been shipped to Reading and Bethlehem 
for use as a foundry facing. The graphite works at Byers were destroyed by 
fire in 1900. At Pikeland, Chester County, there is an abandoned graphite mine 
and refining plant which was productive a few years ago. Near Mertztown, in 
northern Berks County, a graphite mine and refining mill have been operated 
at intervals during the past 20 years, but no production was reported in 1901. 
The graphite occurs in a lenticular vein in a coarse-grained sandstone of a maxi- 
mum thickness of 39 ft., which is mined with pick and shovel in galleries at 
different levels; 28% of the mined material is graphite. At Boyertown, in 
eastern Berks County, an abandoned graphite mine was re-opened in 1899 by the 
Boyertown Graphite Co. and a refining mill erected. The works, however, were 
not successful financially. Graphite occurs at other points in Pennsylvania, but, 
so far as is known, it has not been produced commercially except at the mines 
mentioned. 

Rhode Island.—The Rhode Island Graphite Co. reports an increased output 
during 1901 from the mine at Arlington. The amorphous product variety is 
principally used as a foundry facing and for the manufacture of polishes. 

South Dakota.—The graphite mine near Custer, Custer County, which yields 
a product stated to contain from 26 to 41% C, has not been developed owing to 
the low grade of the material and the cost of shipment to market. 

Other States.—Several deposits of amorphous graphite have been reported 
from California, Colorado, and Texas. None of these, however, have as yet been 
proven of high value. 
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WORLD'S PRODUCTION OF GRAPHITE. (IN METRIC TONS.) 


Austria|Canada|Ceylon.| Ger- Italy. .| Mexico Russia. | Spain. |Sweden pate Totals. 


@ many. es | (b) 


1896} 35,972 126 10,463 | 5,248 ; 3,148 (a) Nil. 14 184 | 55,356 
1897) 38,504 396 19,275 | 3,861 61 | 5,650 4 (a) (a) 99 450 | 69,311 
1898) 33,062 | 1,107 | 78,509 | 4,593 6,435 346 5 98 10 50 824 125,006 
1899} 31,819 | 1,105 | 29,037 | 5,196 5 9,990 k 29 (a) 585 1,648 | 80,962 
1900} 33,663 | 1,743 (c) 9,248 9,720 (c) (a) 84 1,862 | 55,790 
| | { | 

(a) Not reported in the government statistics. (b) Crystalline graphite., (c) Statistics not yet published. 


(d) The figures for 1897 and 1899 are exports; the enormous production in 1898 as reported in official govern- 
ment publications is not reflected in the exports for that year, which amounted to 24,349 metric tons. 


Austria.—With regard to the genesis of graphite deposits, those of upper 
Styria, according to K. A. Redlich, are of sedimentary origin, which does not} 
agree with the heretofore accepted opinion of Dr. Weinschenk that they are of 
contact metamorphic character. The graphite occurs in two forms, the one soft 
and flaky and the other hard and crystalline; both are found in the conglomerate 
near ruben; although the hard variety only occurs in the beds which have been 
folded or bent. Mr. J. L. Barvir refutes Weinschenk’s theory that the graphite 
of southern Bohemia was formed by gaseous emanations containing carbon mon- 
oxide and offers the theory that it was derived from organic origin. 

Canada.—The production of graphite during 1901 was 2,190 short tons, valued 
at $44,380, which was derived mainly from the Black Donald mine, at Brougham, 
Renfrew County, Ont. Owing to the distance from the railway the product ean 
only be shipped to market during the winter. ‘This deposit is of unusual size 
and is being developed 12 miles west of Calabogie station on the Kingston & 
Pembroke Railroad. The workings consist of open cuts and a shaft 80 ft. deep, 
from the bottom of which a drift on the vein extends 150 ft. northeast, going! 
under Whitefish Lake. The vein stands vertically and at a depth of 80 ft. 
measures 2 ft. in width. The enclosing country rock on both walls is limestone. 
Hoisting is still done with a derrick and a 2-ton hoisting engine. Since opening 
the mines 4,000 tons of graphite have been shipped, of which about 1,800 tons 
represent the output for 1901. 

India.—In the Ceylon deposits the graphite occurs in typical symmetrical veins, 
although crushed and altered by earth movements which have spent their energy 
upon the soft graphite and have consequently spared the granulite country rock. 
Weinschenk concludes that the graphite is of volcanic and not of organic origin, 
due, in all probability, to the action of vapors carrying carbon. He offers the sug- 
gestion that carbon dioxide and cyanogen compounds have played the chief part 
in its production. Among the associated minerals it is remarkable that, as at 
Passan, nontronite is one of the invariable decomposition products accompanying 
graphite. 

The decline in the value of graphite has checked mining operations and many 
of the smaller mines have been abandoned. The larger pits yielding better quali- 
ties, and those of wealthy owners employing skilled European supervision, showed 
an increased output and prospered fairly. In Kurunegala only 50 plumbago pits 
were worked in 1900, as compared with 154 in 1899, and in the southern province 
only 30 acres were leased as against 117. A graphite mine 14 miles from Trivan- 
drum, in Travancore, is worked by Cornish miners, and turns out more than 100 
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tons of graphite each month. The export of the mineral from Travancore in 
1900 was 1,600 tons. Mr. T. L. Walker reports the occurrence of graphite in 
several localities in N.E. Kalahandi State. The deposits are in parallel beds and 
apparently of good quality. About 40% of the Ceylon product is imported into 
this country, approximately the same amount goes to England, while Europe takes 
the remainder. The Ceylon graphite that comes to America is imported directly 
by steamer in packages of a net weight of about 600 lb. each. It is graded in 
the order of its value into “lump,” “chip,” and “dust” graphite. The first grade 
consists of the larger and softer pieces, the second, as is indicated by its name, 
is made up of smaller lumps and fragments, while the dust graphite, the lowest 
in value, carries the bulk of the earthy impurities. These grades again are sub- 
divided according to their brightness, or “boldness,” the term used in the trade, 
and softness. The importations of European graphite into America is far less, 
relatively to the amount produced, than that from Ceylon, for the reason that 
for many of the uses to which the amorphous variety is put in Europe the 
domestic product has been substituted in the United States. While, of course, 
it is impossible to apportion with accuracy the relative amounts of graphite ap- 
plied in its various uses, they are approximately as follows: In crucibles, 55% ; 
stove polish, 15% ; foundry facings, 10% ; paint, 5% ; lubricating, 5% ; all others, 
10%. The last item includes graphite for powder glazing, electrotyping, steam 
packing, and various minor uses. 

Mexico.—A very fine variety of pencil graphite is mined at Torres, Mex., by 
an American company. 


ARTIFICIAL GRAPHITE. 


The manufacture of crystalline and amorphous “artificial graphite” by the sole 
producer, the International Acheson Graphite Co., at Niagara Falls, N. Y., has 
increased enormously, as is shown by contrasting the production in 1901 of 
2,500,000 lb. with 860,750 lb. in 1900, and 405,870 Ib. in 1899. Graphitized 
electrodes used in the electrolytic production of alkali and bleach consumed 
more than one-half of the output in 1901, while paints, pencils, lubricants, motor 
brushes, crucibles, and dry batteries absorbed the balance of the production. 


PRODUCTION AND VALUE OF ARTIFICIAL GRAPHITE FROM 1897 TO 1901, INCLUSIVE. 


Year. Pounds. Value. | one Bee Year. Pounds. Value. Cee eh 
| Cents. : i ~ Oeate: 
LEOGE Ss wes hice 162,382 $10.149 | 6°2 NOOO saisrar ses eyars 860,750 $68,860 8:0 
MOOS eieenees 185,647 11,603 6°2 LOOM leek 2,506,000 119,000 4°75 
PSOOS.  ikacens 405,870 32,475 8:0 


The decrease in the unit value of the total production from 8c. per lb. in 1899 
and 1900 to 4°75c. per lb. in 1901 was largely due to the increased proportion of 
the amorphous variety produced. 

The furnaces used in the Acheson process for making graphite and graphite 
electrodes commercially are similar to those used in Acheson’s process for making 
carborundum (silicon carbide). They are built of brick in the form of a long, 
narrow trough lined with suitable refractory material. Graphite electrodes are 
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manufactured of petroleum coke and pitch like an ordinary carbon for arc lights, 
but a certain amount of some carbide-forming material, as silica or iron oxide, 
is introduced. The electrodes after baking are graphitized in a furnace heated to 
a temperature well above that of the volatilization of iron, aluminum and silicon 
and similar elements. That the temperature used in the Acheson furnaces is well 
above the volatilization point is demonstrated by the fact that the elements above 
named are condensed as oxides outside the furnace. 

Anthracite coal is usually employed in manufacturing graphite for crucibles, 
paint, stove polish, etc. The furnace is filled with anthracite coal through the 
center of which runs a core composed of a carbon rod connecting the terminals 
of the furnace electrically. When cold, anthracite coal is a very poor conductor of 
electricity, hence the necessity for the core, which acts as a conductor and heats 
the surrounding anthracite when the furnace is started. Finally, the whole mass 
is raised to a very high temperature and converted into graphite. On cooling, 
the latter is removed from the furnace and ground to the desired fineness. The 
physical change produced by the Acheson process for manufacturing graphite 
electrodes is illustrated by the following table :— 


Amorphous carbon electrodes: | Graphite electrodes: 
Density oH ohm. DON Si yerSccet issn wee ho Meeaue eee ne 2°19 ohm. 
i 0° 00124 ohm. | Electrical resistance per cu. in 0° 000320 ohm. 


The high temperature volatilizes nearly all of the contained impurities, leaving 
from 0:1 to 0-5% ash. The electrodes show marked resistance to disintegration 
in the electrolysis of sodium chloride solutions, having from 2 to 3 times the life 
of the most resistant form of amorphous carbon (retort carbon) and from 3 to 7 
times the life of artificial carbon anodes. Tests made on the graphite produced 
from anthracite show that it is free from amorphous carbon. The average product 
of the furnaces contain approximately 5% of ash, and is therefore far purer 
than the average natural graphite. When necessary, purer graphites are produced 
by heating to a high temperature for a sufficiently long time to volatilize and 
drive off all impurities. Anthracite treated in this way produced a graphite con- 
taining only 0-31% of ash, although the original coal carried about 15% ash 
This small quantity of residual ash is undoubtedly due to the condensation of the 
vapors existing in the furnace when the current is cut off. Mr. Acheson has con- 
sidered a plan by which these may be washed out during the operation of the 
furnace by the use of nitrogen or other inert gas, but commercial requirements 
have not as yet necessitated putting this into practice. 

It is a remarkable fact that in spite of the large amount of work that has been 
performed by various experimenters on the conversion of amorphous carbon into 
graphite, half a century elapsed before a process was developed commercially. 
Over 50 years ago, with a battery of 600 Bunsen cells, Duprez attacked this 
problem ; but it was only within a few years that a method was discovered which, 
with the electric current at Niagara Falls, produced in 1901, 2,500,000 Ib. of 
graphite from artificial amorphous carbon. 

Acheson artificial graphite electrodes are recommended for electrolytic and 
electro-metallurgical processes, the advantages claimed for them being long life, 
low porosity, high conductivity and great economy. The electrodes are made by 
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treating in the electric furnace amorphous carbon articles made up in the shape 
desired. The product is stated to be entirely free from amorphous carbon, and 
the percentage of impurity in the finished electrodes is given as 071%. The 
sizeof the electrodes is limited generally by the difficulties of manufacture. In 
rectangular shapes the cross section is limited to about 28 sq. in., and the length 
to 36 in. The width of a carbon is usually limited to 8 in. In round carbons 
the length is limited to 36 in., and the diameter is 5 in. These limits can be 
increased slightly when large amounts are ordered. Some striking results have 
been obtained in tests made in Germany with Acheson graphite electrodes in the 
electrolysis of sodium chloride solutions. 


GYPSUM. 


THE production of gypsum in the United States continued to increase greatly 
during 1901, the output amounting to 659,659 short tons, valued at $1,577,493, as 
compared with 484,202 short tons in 1900. 

The increase in the production of gypsum in the United States during recent 
years has been remarkable. For the ten years previous to 1899 the annual output 
averaged a little more than 250,000 short tons, which has risen to the maximum 
output of 659,659 short tons in 1901. This rapid development has resulted 
mainly from two causes, one the increased use of plaster of Paris in the manu- 
facture of wall plaster in modern buildings, and the other to the large quantities 
consumed in the manufacture of staff for the construction of temporary buildings, 
particularly those built for exposition purposes. 


PRODUCTION OF GYPSUM IN THE UNITED STATES. (a) (IN TONS OF 2,000 LB.) 


States. 1900. 1901. States. 1899. 1900. 


e 8,500 
4,000 
16,978 
92,201 ) 
e 90,000 § 
150,000 
325 
42,874 
25,000 


3,550 

b 17,394 
(d) 

218,419 

185,150 


Oregon 


California 
E South Dakota.. 


Colorado 


Virginia 
Wyoming (9g) 
Other States 105,345 


659,659 


484,202 


(6) Includes Wyoming. (c) Includes Texas. 


(d) Included in 
(g) Included with Colorado. 


(a) Statistics reporting the amount quarried. 
Other States. (e) Kstimated. ( Jf) Included with Iowa and Kansas. 


GYPSUM IMPORTED INTO THE UNITED STATES. (IN METRIC TONS. ) 


Value of 
Manufac- 
tured 
Plaster of 
Paris. 
$16,715 
40,979 
58,073 
66,473 

68,603 


Ground or Calcined. Unground. 


SRA Total. 
Per Metric 


Per Metric 


Quantity. Value. Quantity. 


165,812 $178,686 
168,723 181.364 
199.724 220,608 
213,289 229 878 
238.971 238,440 


Value. 


$17,028 
18.500 
19,250 
19.179 
19,627 


2,707 
3,021 
3,317 
3,159 
8,156 


$212,429 
240,843 
297, 926 
815,580 
826,670 


PRODUCTION OF GYPSUM IN THE PRINCIPAL’ COUNTRIES. (a) (IN METRIC Tons.) 


Germany. (c) United 


Kingdom 


Algeria. United 
States. 


(b) Canada. Greece. India. 


Year. 


Baden, | Bavaria. 


32,801 


187,818 
217,392 
198,908 
221,862 
228,713 
266,533 


40.702 
28,037 
29,419 
26,381 
(d) 


(d) 


28,799 
26,153 
25,688 
29,727 
35.484 
(d) 


7,605 
8,187 
8,390 
6,546 
4,415 
(d) 


196,404 
184,287 
199,174 
215.974 
211,436 
204,045 


201,305 
272'493 
285,644 
382,891 
439.265 
598,529 


(a) From official reports of the respective countries, except the statistics for the United States. 
In converting this to crude gypsum it has been ass 


of the product is reported as plaster of Paris. 


(b) A part 
umed that 


the loss by calcination is 20%. (c) Prussia is a large producer of gypsum, but there are no complete statistics 


available. (d) Statistics not yet available. 
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THE GypsumM CEMENT PLASTER INDUSTRY IN KANSAS DURING 1901. 
By E. HAwWortu. 


Har Ly in 1901 the American Cement Plaster Co. purchased the mills of the 
Salina Cement Plaster Co., at Dillon and Longford, closing the former. In 
June this company shut down the mill at Mulvane and later acquired the plant 
of the Great Western Co., at Blue Rapids. About two years ago the American 
Cement Co. bought a large tract of gypsum land at Acme, Tex., and is oper- 
ating a large mill there, and in February, 1902, it acquired additional gypsum 
land in Indian Territory. In April the Sampson Cement Plaster Co., at Burns, 
was sold to A. D. Macky, who continued to operate the plant under the old firm 
name with offices at Burns. In the latter half of the year, the Alumanite Co., 
with mills near Dillon, was re-organized under the name of the Adtna Cement 
Plaster Co., and its mills put in operation. The Kansas Cement Plaster Co. 
changed its name to the Wymore Cement Plaster Co., with offices at Wymore, 
Neb. The Roman Cement Plaster Co. continued operation near Springvale 
throughout the greater part of the year. 

Early in 1902 a general change was effected by the formation of the United 
States Gypsum Co., capitalized at $10,000,000, with offices at Omaha, Neb., which 
in addition to the works in Kansas, consolidated the following companies :— 

Iowa.—Baker Plaster Co., Carbon Plaster Co., Cardiff Gypsum Plaster Co., 
Duncombe Stucco Co., Fort Dodge Plaster Co., Iowa Plaster Association, Mineral 
vity Plaster Co., all of Fort Dodge. 

Kansas.—Great Western Cement Plaster Co., Blue Rapids Cement Plaster 
Co., of Blue Rapids; Roman Cement Plaster Co., of Kansas City, and Blue Valley 
Plaster.Co., of Omaha, Neb. 

Michigan.—The Alabaster Co., of Alabaster; the Alabastine Co., Grand Rapids 
Gypsum Works, Gypsum Products. Manufacturfng Co., Michigan Plaster Co., 
Midland Plaster & Cement Co., all of Grand Rapids; New Buffalo Alabastine 
& Mineral Paint Mfg. Co., of Lansing; John McPhee, of Nelson; and Durr 
Plaster Co., of Grandville. 

New York.—English Plaster Works, Otto B. English Plaster Co., Genesee 
Stucco Works, Big Four Plaster Co., all of Oakfield, N. Y. 

Oklahoma.—Oklahoma Cement Plaster Co., of Okarche. 

The Western mills not belonging to the United States Gypsum Co. are the 
American Cement Plaster Co., the Best’s Keen Cement Co., at Medicine Lodge, 
and the Acme Cement Plaster Co., at Quanah, Tex., and Laramie, Wyo., Samson 
Cement Plaster Co., Burns, Kan., Avtna Cement Plaster Co., Kansas City, Mo., 
and Dillon, Kan., Best’s Keen Cement Plaster Co., Medicine Lodge, Kan. 

Technology.—The methods of handling gypsum and its products have not 
changed materially during the last few years. Rock gypsum is quarried similar 
to the methods followed for stone or coal, and the rock ig crushed and calcined 
into plaster of Paris. Gypsum earth is taken directly from pits to calcining 
kettles and calcined, the difference in treatment being due to the physical struct- 
ure; one is a rock, while the other is loose like sand. At Blue Rapids. quarry- 
ing is done at each of the three mills by tunneling or drifting into the bluffs, 
the rock being mined by the double-room and pillar system. Tramways are 
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laid, and the quarried rock carried by cars hauled by cable or other power. At 
the Great Western mine, the ground cars are drawn directly into the mill and 
the rock gypsum dumped beside the crusher. At Hope a shaft is sunk 80 ft. to 
the rock gypsum, which is hoisted to the surface, loaded on cars and drawn by 
the local freight engine to the mill a quarter of a mile away. At Medicine 
Lodge, gypsum occurs on high hills about 5 miles 8.W. from the city where 
the factory is located. The rock gypsum is quarried from the hill tops in a 
manner similar to the general quarrying of building stone and hauled by team 
to the factory, where it is crushed and calcined. 

Crushing at most of the mills is done by some modified form of the jaw 
crusher, which reduces the gypsum to a small size; it is then ground to a fine 
powder by the old-fashioned stone ‘burrs formerly used in flouring mills. The 
Kansas mills use machinery manufactured at Enterprise or Leavenworth, Kan., 
or Grand Rapids, Mich. A few years ago Grimsley’ gave a very good description 
of the machinery and other appliances used in Kansas. No changes of impor- 
tance have been made since his report was published. The lime disintegrator 
manufactured by the Stedman Foundry and Machine Works of Aurora, Ind., 
has not yet been introduced into Kansas, although it is extensively used in 
Michigan and by the Western Plaster Works of Chicago. 

The general method of handling gypsum earth is to remove the overburden by 
plow and scraper, as in railway grading, and loosen the gypsum earth by driving 
over it in different directions with an ordinary farmer’s disc harrow, later using 
a horse scraper to haul the material to the mill. Detailed operations differ in 
various localities, depending upon the relative location of the mill and the pit. 

Calcining is universally done by means of the old-fashioned kettle, which 
is described and illustrated in the article by Grimsley, already quoted. Crushed 
rock gypsum or gypsum earth, is placed in the kettle and heated to the proper 
temperature to drive off a paft of the water of crystallization, the material 
being moved by mechanical agitators. When half the water of crystallization 
has been driven off, it is pronounced “done,” a valve is opened and the calcined 
gypsum powder runs out by gravitation into a chamber having masonry walls, 
where it is allowed to cool. In a few mills, as the ones at Mulvane, Kan., and 
Marlowe, Ind. Ter., the calcined material is immediately elevated by suction 
power, a process which not only elevates the plaster to the proper chambers but 
cools it at the same time. In other mills the elevating is done by chain buckets 
which, while cheaper to operate, requires more time and does not have. the ad- 
vantage of properly cooling the plaster. The suction method is expensive in 
that a large amount of power is required for a short time only, necessitating a 
much larger steam capacity than that required for the slower bucket elevator. 

The plaster, after elevating, is mixed with proper amounts of a retarder and 
fiber. The general practice is to use a patented mixer consisting of a hopper 
for the reception of the plaster, which feeds into a cylinder where it is thoroughly 
mixed and forced out by an auger. From the mixer it is taken to bins and 
‘finally put into bags or barrels on the lower floor, the plaster passing down 
through wooden pipes or conduits from the bins above in a manner similar to 
the grain conduits in grain elevators. 


a 


1 University Geological Survey of Kansas, Vol. V., p. 96; also, Taz MinERAL INDUSTRY. Vol. IV., p. 895. 
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Durine 1901 the production of pig iron was 15,878,354 long tons, against 
13,789,242 long tons in 1900, an increase of 2,089,112 long tons during the year, 
Despite this enormous increase in production which was only slightly exceeded 
by the production of 1898 against that of 1897, the active demand for iron and 
steel was such at the close of the year that iron and steel works of all kinds found* 
difficulty in securing deliveries of pig, and importations of foreign pig were not 
unusual, more especially on orders from the Atlantic seaboard. Among the new 
plants begun in 1901 which will be completed in time to increase the pig iron 
output of 1902 are the following: A new 100-ft. stack for the Port Oram, N. J., 
works owned by Joseph Wharton, of Philadelphia, Pa. (A third furnace of the 
same size is to be added during 1902.) The St. Clair Steel Co., one of the sub- 
sidiary companies of the Crucible Steel Co. of America, is erecting an open-hearth 
steel plant at Clairton, Pa., and the St. Clair Furnace Co. is building three 
500-ton blast furnaces at the same place. The steel will be absorbed by the 
Crucible Steel Co., and the plants are expected to be in operation about the middle 
of 1902. The completion of the new “B” furnace for the Iroquois Iron Co., on 
the Calumet river, South Chicago, Ill., during the latter part of 1901 makes the 
total daily capacity of the plant about 500 tons of pig iron. The plant is equipped 
with storage capacity sufficient to permit its annual ore supply to be: brought 
down during navigation season, and the strongly built docks and eight Brown 
hoisting and conveying machines permit two vessels to be unloaded simultaneously 
at the rate of 400 tons of ore per hour. The stock ore piles are situated close to 
the furnaces to avoid rehandling, The plant was designed by Julian Kennedy, 
of Pittsburg, Pa. The new Searles furnace of the La Follette Coal, Iron & Rail- 
road Co., of La Follette, Tenn., is expected to be blown in by July, 1902. Its 
capacity is about 100,000 tons per annum. The Pioneer Furnace, of the Republic 
Iron & Steel Co., with a capacity of about 100,000 tons per annum, at Birming- 
ham, Ala., was started in April, 1902. In Alabama the Central Iron & Coal Co., 
at Tuscaloosa, is erecting a coke blast furnace and three other stacks whose 
product is not expected to be available during 1902 are also under construction 
‘ elsewhere in the State. The Lackawanna Steel Co. has moved its Scranton 
plant, comprising two small stacks, to Buffalo, N. Y., and is adding two large 
modern stacks. Five large stacks are under construction in Ohio. Two new 
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large blast furnaces for the Colorado Fuel & Iron Co., at Pueblo, Colo., are 
expected to be blown in by the fall of 1902. The capacity of the two new stacks 
is rated at 275,000 tons per annum. The new Pioneer charcoal furnace under 
construction at Marquette, Mich., will be in operation in the fall of 1902. With 
the nine blast furnaces expected to be started during 1902 and the 18 furnaces 
at present under construction to contribute to the output of 1903, a considerable 
increase in pig iron production may be expected by the end of 1903. 

The returns from the census of 1900 show, according to the list of selected 
manufactures prepared by the Bureau of Manufactures, that the Textile industries 
took first place in the list with a value of product aggregating $966,924,835, 
but if the metallurgical industries, including iron and steel, lead, copper, and zine, 
are taken together, as is the custom with textile industries, the product of the 
metal industries aggregates $1,194,545,506 in value for the year 1900. Among 
separate industries iron and steel is far in the lead. The total number of men 
employed was 226,161, who received $122,710,193 in wages. The rolling mills 
and steel works led the list with 183,023 men employed at wages aggregating 
$102,238,692, against 39,241 blast furnace men earning $18,484,400. A com- 
parison of the numbers of plants operative in 1900 with those of 1890 shows the 
following: Including 57 plants making tin and terne plates there were in 1900, 
725 operative plants, against 719 in 1890, a gain of 6 plants; 438 operative roll- 
ing mills and steel plants, as against 395, a gain of 43 plants; 223 operative 
blast furnaces, against 304, a loss of 81; 7 active forges and bloomeries, against 
20, a loss of 13 plants for the decade. The capital invested in the 725 active 
establishments in 1900 aggregated $580,041,710; $122,710,193 was paid in 
wages ; 9,544 officers and clerks were paid $12,028,811; cost of materials used for 
conversion was $549,127,082; miscellaneous expenses amounted to $32,570,556. 
The total value of the manufactured produce was $835,759,034, divided as follows: 
Rollings mills and steels works, $596,588,034; blast furnaces, $206,756,557 ; 
tin and terne plate, $31,892,011; and forges and bloomeries, $522,432. 

The year 1902 has thus far developed no reaction from the very favorable 
trade conditions. The consolidation of the greatest iron ore producers, blast 
furnaces, and finishing works into the United States Steel Corporation, has 
probably more than any other one factor contributed to the steadying, both 
of prices and demand for iron and steel, and its settled policy of holding to 
the fairest range of prices in spite of the temptations formerly yielded to by 
smaller concerns to take advantage of restricted supply and increased demand, 
cannot but be of the greatest possible service to industry generally. 

More than one-half of our structural steel is consumed in satisfying the 
demands for high bridges and structural steel work of tall buildings. The 
pressed steel car industry has attained to enormous proportions and demand 
is constantly increasing. Mr. James M. Swank, in Statistics of the American 
Tron Trade for 1901, states that: “It may not be generally known that our 
steam and trolley railroads consume in rails, cars, locomotives, bridges, buildings, 
and electrical machinery fully one-third of all the iron and steel we annually 
make. The. building of steel vessels also calls for an increasingly large supply 
of steel plates and for steel in other forms.” With increased railroad facilities 
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and the number of new stacks constructed during 1901, there is little founda- 
tion for the apprehension expressed so freely toward the close of the year, 
that large importations of iron and steel from abroad would be necessary to 
satisfy home demands for the crude product during 1902. 

Our iron and steel exports for 1901 amounted to $102,534,575 in value, 
against $129,633,480 for 1900, showing a loss of $27,098,905 during the year. 
Our imports of iron and steel were valued at $20,394,995 during 1901, against 
$20,443,911 in 1900. So much of the product of pig iron was consumed at 
home during the year that the decline in the value of exports of iron and steel 
is accounted for by the decrease in pig iron shipments. The exports of pig 
iron during 1901 amounted to 81,211 tons, against 286,687 tons in 1900. 


TRON ORE MINED AND CONSUMED IN THE UNITED STATES. (IN TONS OF 2,240 LB.) 


District. 1899. 1900. 1901. 

Lake Superior, shipments to furnaces....c.ccceeeeesereeseeees 18,251,804 19,095,393 20,589,237 
Southern States, shipments to furnaces .......... prelatecaicielelaibeute’s 4,800,000 5,100,000 4,767,667 
Other States, shipments to fUIMACES. ...... 66. sees eoeeeeeeeese 2,240,000 1,758,000 3,530,575 

Total mined in United States........ sc scecesccsesseoeeees 25,291,804 : 25,917,393 28,887,479 
Add decrease in stocks at Lake Erie docks........... ROBB H SaaS MOS Rn Aa So porpnaol tore roo mba ano BOR 45,007 
Add importationS........cceeseeceeeeeeceeeeoeeecs Suibademansaa sr 674,082 897,792 966,950 

4 Wo i's) ine SOA J Scaace IO OOTIO Se AOD ATORDUGCUnOOD eieiniele ataareses 25,965,886 26,815,185 29,899,436 
Deduct increase in stocks at Lake Erie docks..... Oaeikeeen ones 750,000 (BONO (een Pamenitnncoceus 
Deduct exportation... ....sceccresserceccccccceeees Sinise atten iets stele 40,665 51,460 64,703 

Total consuMption.........+.ssecsceees aes SGf OCR OTE 25,175,221 26,073,725 29,834,733 


Pig Iron—The production of pig iron in the United States in 1901 and in 
previous years is given in the subjoined tables :— 


PRODUCTION OF PIG IRON IN THE UNITED STATES. (g) (IN TONS OF 2,240 LB.) 


(Includes Spiegeleisen and Ferromanganese.) Table continued on p. 380. 


According to Fuel Used. 1898. 1899. 1900. 1901. 
Anthracite and coke.............- 1,208,273 1,599,552 1,677,048 1,712,527 
Bituminous and coke...........+- 10,273,911 11,736,385 11,727,712 13,782,386 
(Oly: huclos: | GRRE aA nr ENESCO Ok ir 296,750 284,766 339,874 860,147 
Charcoal’ and COKE. is 6c cc un cele ciel else seo visiscclevveres wle.6 010:|luainiseie vinnie vias aegis 44,608 23,294 

MObAIR cermine sieemcreieransens 11,773,934 13,620,703 13,789,242 15,878,354 
Kind of Iron. 1899. 1900. 1901. 
Tons. % Tons. % Tons. % 
Foundry and forge iron........+.sseeeeeeees 4,213,124 30°9 4,517,437 82°8 4,541,250 28°6 
BesSeMer Pig. .... cece ceceereeeecseseeceenes 8,202,777 60°2 7,948,452 57°76 9,546,793 60°4 
BASIC PIGS cree nie: oleeieig wipe we's v1n's 00,0618 ainejeieieinie nie 985,033 03 1,072,376 78 1,448,850 9:1 
Spiegeleisen and ferromanganese........... 219,768 1°6 255,977 1'8 291,461 Lg 
‘0 | 15,878,354 | 100-0 


Totals... .cccccccsccccscrsvcccscceesencs 13,620,708 100°0 13,789,242 | 100 
| 


The first report of the United States Steel Corporation confirms the great 
advantages claimed for the consolidation at the time it was organized in April, 
1901. It has been deemed advisable to have the official year correspond with 
the calendar year, and this preliminary report covers only the first nine months 
of the corporation’s existence. This period has been rather short to organize 
and systematize satisfactorily the large and diversified business interests in- 
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PRODUCTION OF PIG IRON IN THE UNITED STATES. (g) (IN TONS OF 2,240 LB.) 


States. 1896. 1897. 1898. 1899. | 1900. 1901. 


922,170 947,831 1,033,6/6 1,083,905 1,184,337 1,225,212 
45,104 6,582 a 141,010 a 159,204 @ 208,409 
10,187 8,336 6,336 1126 10,238 8,442 
15,593 17,092 13,762 v 98: b 27,338 
P 1,117,239 1,365,898 5448 363,38: 1.596.850 

Kentucky 70,66 100,724 9,015 562 68,46 

Maryland 79,47 3,705 190,974 : ff 

Massachusetts.... : s 3,661 

Michigan oi 147,640 

Minnesota, ; 

Missouri 


264,346 292,827 
North Carolina.... Qt (e) (e) (e) 
Ohio 196,326 1,372,889 2,378,212 2,470,911 3,326,425 
Pennsylvania 024, 4,631,634 5,537,832 6,558,878 6,365,935 7,848,257 
Tennessee ‘ 272.130 263,489 346,166 862,190 337,139 
} 2 6,175 5,178 5,803 10,150 2,273 
Virginia : j 807,610 283,274 * 365,491 490,617 448,662 
West Virginia.... j 132.907 192,699 187,858 166,758 166,597 
Wisconsin d 103,909 d 172,781 d 208,175 d 184,794 d 207,551 


Totals 8,623,127 9,652,680 11,773,934 13,620,703 13,789,242 15,878,354 


(a) Production of Missouri, and Washington for 1901, included. (b) Production of North Carolina included. 
(c) Production included in Colorado figures. (d) Production of Minnesota included. (e) Production included in 
Georgia figures. (f) Production included in Wisconsin figures. (g) Statistics furnished by James M. Swank, of 
the American Iron and Steel Association. 


volved, yet the results even in this time have been more than gratifying. Great 
economies have resulted from the harmonious co-operation in the departments of 
ore mining, coal mining and lake transportation. The most pronounced benefits, 
however, have resulted from the manufacture of the various products at the 
point most favorable to the production, together with the greater efficiency of 
the work which has resulted from the free interchange of news and experiences 
of all engaged in the various branches of manufacture. The net earnings of 
the corporation for the nine months ending December 31, 1901, after deducting 
current renewals and ordinary repairs for maintenance of plants, amounted t» 
$84,779,298, from which the following amounts were charged: $2,250,000 to 
set aside as a sinking fund to retire the bonds of the corporation and subsidiary 
companies; $11,400,000 for nine months’ interest on the bonds of the corpora- 
tion; $26,750,000, dividends on the preferred stock at 7% per annum: 
$15,227,000 dividends on the common stock at 4% per annum, making 
a total of over $53,000,000. . Nearly $10,000,000 -was set aside in various 
reserve funds to cover exhaustion of ore supplies, depreciation of machinery and 
special enlargements. The above shows individual earnings of over $19,000,000 
for the nine months’ operations. A balance sheet showing the assets and liabili- 
ties at November 31, 1901, is included in the report in place of a detailed 
profit and loss statement, which latter cannot be given satisfactorily until abso- 
lute uniformity in the accounting systems of all the companies has been estab- 
lished. In brief this report will be found on page 381. 

It is stated that the actual business booked of which shipment is being called 
for faster than it can be supplied, amounts to more than half the total combined 
annual capacity of all the companies and the heavier products as rails, billets, 
plates and structural shapes are sold up to the productive capacity of the mills 
until nearly the end of the year. Despite the great demand for products the 
prices have not been advanced, and the firm stand of the corporation for 
stability of prices, both of raw and finished products, has had a most assuring 


IRON AND STEEL. , 381 


effect on the trade. The stockholders of the United States Steel Corporation 
number about 60,000. 


ASSETS.—PLOPe©ty....-2. ccc cee c se ceees eset cetecsoveerensesererecsecrereececseeeer serene cence $1,437 ,494,862°53 
Deferred charges to profit and loss, exploration, development, etC....-.-+++-.+++-+eeeeees 8,256,774: 09 
Investments outside of real estate. ..... 20... cece eee eee cence havocnid tole riot iseateamer etapa eeene 429,613 °25 
Current assetS—INVeENtOVi€S...... cece eee cette eee n eee ee steeeeceeeeeneonees $95,603, 997°57 

Stocks, bonds, securities of outside CoOMpanieS.....-++seeveverereeeereeee 7,251,829°45 

ACGOUNLS FeCCIVADIE..... cece eee nee ewer eee cece eee eee season ecseesceeeene 45,269,453°19 

BINS GcOr vale sac ake wie Hoenn ateicia isiaicleiseisle siete tie,» oinies.sivivinneivisieisiaie oeievie's 2,821,463°55 

Gipa ec ae ris pends Pisces hei slninrareittos eld Meckeie sinlvisie sisie’eiceisiees eine yeisien. 55,315,527°99 206,261,771°75 
MOba es aet ue erie diel ohials car weiarsic wiescsleeaisiom SUR CHORC ORCA Or SOLO RUC OROEntm Tic $1,647 443,021 ° 62 

LIABILITIES.— Capital stock, U. S. Steel Corporation: 

GOIN OI as aicrd de ores ciid oh da ane'd Gikeleiegere oieie sine ciate. sferg eis Meche a Cig EOE $508, 212,543°70 
Preferred........ i aashath mS pavlg tie Desay oye ich atarane. ereval asciec/@ieierele, el eiele ee ¥iei sages view ern csi 510,173,778'40 
——— 1,018,386,322°10 
Capital stock, subsidiary companies not held by U. S. Steel Corp. (par value): 
CHOWATI OTe ee ee o Os dg Sia sw Miclalatiore WS waleinie: Veleisie’sisiels.ousie simieieieie’eiele $365,436°38 
Pret erred oa hae eae oa Sdn Sea aegPS Maia ie wa w reare sisianeslersiep ecepeisie wloleme sip elaia; 293,.300°00 
L. S. consolidated mines SUD. COMPANIES... ..sseersceceeeeeerececeereeeens 113,189°43 
— a 471,925°81 
Bonded and Debenture Department: 
U.S. Steel Corporation DOndS.......eseeseseeeeeeerereneeee Veceeas $303,450,000°00 
Funded dept. sub-companies held by public......+.+-+++++++ .. 59,349,838°85 
Debenture SCript. oc. cee eee emer e reese enses Pitre ioarevatinelerc Grate ate biotareto 41,844°57 


a 862,841,683" 42 
Mortgages and purchase money obligations (sub-companies): 


MOrtgages........ccceeserecsececce eee ceeccenceceeerereceenes Ralatore Cie ware ts $3,457,037 °55 
Purchase money Obligation........eeseceeerees SAUL eee liaise wicker oor 15,610,754'03 
: —— 19,067,791 °58 
Current Liabilities: 
Pay-rolls and accounts payable..........seseeesereseeeesee sees seeerecees $22,228,343 °60 
Bills and loans payable (SUD-COMPANIES)..... seeeeeeeeereeseeeeseeereeees 12,653,744°27 
Special deposits due. ....... cee eres eee secon erence eee esemeanes Ro acege 5,435,342°15 
Accrued interest and unpresented COUPONS, .....esereeeeeeeeesereennecees 4,870,410°16 
Common dividend No. 2, payable 12-20-01 0... ccc c cece renee eer eaerseecons 5,081,790°00 
——_—_— 50,269,630°18 
Contingent liabilities. ......... cece cece eee e cnet e erat ene ese nan eeearsncees SRO Re ROO HORDE OO 525,898 ° 67 
Sinking fund and depreciation reServeS.........se+seeeeees SEER ARE BAUD OOHOLy Ode Gachnes 21,236,040 °54 
Surplus of U. S. Steel Corporation and sub-companies...... Beet ert Sa clade stores Rica easiness 174,344, 229-32 
PoObalysackeiccndee se easesias SMa Merera pring oie eiaialotnioiereiate avers ectieleiatainisl ete cecvecoes $1,647,443,021 62 


Iron Ore.—The production of iron ore in the United States in 1901 amounted 
to 28,887,479 long tons, against 27,553,161 long tons in 1900. Minnesota, 
which is now the leading iron ore State, registered the largest increase, producing 
11,109,537 long tons in 1901, against 9,834,399 tons in 1900, an increase 
amounting to 1,275,138 long tons. 

The total imports in 1901 were 966,950 tons, against 897,831 tons in 1900. 
Cuba in 1901 supplied 522,723 long tons, against 419,632 long tons in 1900, the 
principal shippers being the Juragua Iron Co., Ltd., the Spanish-American 
Iron Co., and the Cuban Steel Ore Co., the latter shipping for its first year of 
business, 17,651 long tons. The furnaces on Puget Sound, Washington, received 
some shipments from British Columbia and Alaska, and the balance of the im- 
portations came from Spain and Newfoundland. The exports of iron ore for 
the year 1901 were but 64,703 long tons, against 51,460 long tons for 1900. 

While the production of pig iron in the United States showed a very con- 
siderable increase over 1900, the consumption of pig iron increased more 
rapidly, amounting to 16,228,796, as shown by the subjoined table :— 


CONSUMPTION OF PIG IRON IN THE UNITED STATES. (IN LONG TONS.) 


1900. 1901. 1900. 1901. 
Domestic production........+.++++> 13,789,245] 15,878,354] |Exports............+ss06 aiceiedgaleieelers 286,815 81,211 
Imported .......2..6eceesceeeeveee® 52,565 62,930||Stocks unsold, Dec. 31............. 442.370 73,647 
Stocks unsold, VAT Leeca core lneews 68,309 442,370 Total deductionS.........ceeee: 732.835 154,858 
Total supplies.........eeeseees 13,910,116| 16,383,654 ConsuMPtiON......ee-sereeeeeee 18,177,281| 16,228,796 


ere ee 
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Blast Furnace Production.—The furnaces in blast on January 1, 1902, and 
January 1, 1901, were 264 and 233, respectively, the average weekly production 
during the year being 304,181 tons, against an average during 1900 of 262,304. 
The average number of furnaces in operation during 1901 was 254, against 256 
for the previous year, the average production per furnace during 1901 being 
62,513 tons, against 53,864 tons for 1900. A detailed account of the progress 
in blast furnace work will be found elsewhere in this section under the caption 
“Modern Improvements in the Manufacture of Pig Iron,” by John Birkinbine. 

Steel—The production of steel in the United States in 1901 is given: in 
the subjoined table :— 


PRODUCTION OF STEEL IN THE UNITED STATES. (IN TONS OF 2,240 LB.) 
St a rege 


Kinds. : 1898. :1899 


Bessemer RS 5,475,315 6,609,017 7,586,354 6,684,770 8,713,302 
Open-hearth 1,631,843 2,230,292 2,947,316 3,402,552 4,656,309 


Crucible 2, 65,600 89,'747 
ee B80! - 128,500 131,250 108,984 


Total tons y 7,174,508 8,932,857 10,662,170 10,218,572 13,473,595 
Total metric tons.. 371, 9% 7,269,300 9,075,783 10,832,765 10,382,069 18,689,945 


ee Ne el a de es 

The production of Bessemer steel in the United States in 1901 was 8,713,302 
tons, against 6,684,770 tons in 1900, an increase of 2,028,532 tons during 
1901. Of the total production, Pennsylvania furnished 4,293,439 long tons; 
Ohio, 2,154,846 long tons; and Illinois, 1,324,217 long tons; these three States 
furnishing together 89°2% of the total product. Of the production in 1901, 
6,764 tons were steel castings, against 6,467 tons for 1900. During 1901, two 
Roberts-Bessemer plants, and seven Tropenas plants were employed in the 
manufacture of steel castings. No Clapp-Griffiths plants were operated. The 
production of Bessemer steel rails by the producers of Bessemer steel ingots in 
1901 was 2,836,273 long tons, against 2,361,921 long tons for 1900, a gain of 
474,352 long tons during the year. During 1901, 34,543 tons of Bessemer rails 
were made from purchased blooms, and from re-rolled and renewed Bessemer 
steel rails, making the total Bessemer steel rails produced 2,870,816 long tons. 
The exports of steel rails in 1901 was 318,055 long tons, against 356,245 long 
tons in 1900, showing a loss for the year of 38,150 long tons. The use of heavier 
rail sections diminished in 1901, and medium weight rails correspondingly 
increased. The division of steel rails, according to the weight per yard, is 
separately reported by the American Iron & Steel Association, in the subjoined 
table :— 


Weight per Yard. 


Heavy rails, over 85 Ib..............e000s we 
Medium rails, between 45 Ib. and 85 Ib 
Light rails, less than 45 Ib 


The total of 2,093 long tons of steel rails produced by the open-hearth process 
in 1901 is larger than any previous record for the United States, Of the total 
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output of steel rails during the year, Pennsylvania produced slightly less than 
one-half. Adding the 1,730 tons of iron rails produced in 1901 to the total 
of steel rails by the open-hearth process (2,093 long tons) and the total Bessemer 
steel rails (2,870,816 long tons), the grand total of steel rails produced during 
the year amounted to 2,874,639 long tons. 

The subjoined table shows the production of rails as compared with that of 
Bessemer steel ingots, for the past six years :— 


Year. Tons Ingots| Tons Rails.|Per Cent. Year. Tons Ingots|Tons Rails.|Per Cent. 
WS0GNeseiae sae oe ee ce 8,919,906 1,102,892 28°1 LBOOES iversinie ororesioie rs 7,586,354 | a 2,240,767 29°5 
MSOC rarsrasisiece scence arsrat 5,475,315 1,614,399 29°4 UHOO Bic: skatelelerersvero efeisiersts 6,684,77 @ 2,361,921 35°3 
BOR ci ssciata'e tc oiefeispet tere 6,609,017 1,955,427 29°6 DMN erasieyate etelectans estoker 8,713,302 | @ 2,836,273 82°5 


(a) Not including rails made from purchased blooms or re-rolled rails. 


The production of open-hearth steel in 1901, including direct steel castings, 
was 4,656,309 long tons, against 3,398,135 long tons in 1900, an increase of 
1,258,174 tons, or over 37%; the basic process steel amounted to 3,618,993 long 
tons, and the acid process steel to 1,037,316 long tons. The production of open- 
hearth steel in 1901 was derived from 90 works in 14 States. Neither Maryland, 
Kentucky, Michigan, nor Minnesota made open-hearth steel during 1901, al- 
though all of them were producers in 1900, and Rhode Island made open-hearth 
steel during 1901 for the first year of production. The total production of open- 
hearth steel castings included above amounted to 301,622 long tons during 
1901, of which 94,941 tons were made by. the basic process and 206,681 tons 
by the acid process. The production of crucible steel in the United States during 
1901 amounted to 98,513 long tons, against 100,562 tons in 1900. 

Tin Plate—The production in long tons of finished tin plate (including dip- 
ping plants) is given by James M. Swank as follows :— 


Year. Tons Year. Tons. Year. Tons. 
NSOSK is fae astene tt amidats es 55,182 AQOBR ai csigh casi tasisistioceces TGORBG2 st SOO aca craicie vidialeleveis oisisib aitiere ore 360,875 
TE NO Ino CO DOCOOG 74,260 POOR MSS cto crave setetonsiters tures QO DOS il aU careresc’ sivieie eleretele ois: sie/evereiereis 802,665 
BOG so eunecatetareprercenesieiettae s 113,666 BOB, ig arieh eet ege 4 wateios 826,915 LSD) empec acer matt muir aritye Cerise 399,291 


Changes in Iron and Steel Mctallurgy.—The long expected decision of the 
United States Supreme Court in Jones against the Cambria Iron Works, has been 
rendered in favor of the Jones mixer, the patents of which are now among the 
assets of the United States Steel Corporation. The decision was sweeping, 
virtually rendering the use of all mixers of any size subject to the rights of the 
Jones patents. Interests connected with the Lackawanna Iron & Steel Co. 
have purchased the controlling interest in the Continuous Metal Refining Co., 
which owns the Talbot patents. The Talbot process has been in use at the Pen- 
coyd Iron Works, in Pencoyd, Pa., for about two years. In the early part of 
1901 a very complete bibliography of “Steel Works Analysis,’ prepared by Harry 
Brearley, was published by the Chemical News. Experiments for the production 
of steel by electricity carried on at Gysinge, Sweden, are claimed to be so success- 
ful that the present plant, said to produce 25,000 Ib. of high-grade steel daily, 
is to be moved to the Dalalfuen river, where a large water power is to be utilized. 
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The improvements in pig iron manufacture are exhaustively treated elsewhere 
in this section by John Birkinbine, under the caption “Modern Improvements in 
the Manufacture of Pig Iron.” 


THE IRoN MARKETS IN 1901. 


Although 1901 opened with a rather discouraging outlook for the American 
iron trade, the conditions improved rapidly in the early months, and to such an 
extent that the year’s business was extremely profitable to the manufacturers. 
The demand for iron and steel was sufficient to keep the furnaces and mills 
running at their full capacity, resulting in an output that exceeded all records. 
The general level of prices was below that of 1900, but the trend was upward 
from the beginning, and there were no such violent fluctuations to unsettle the 
market as characterized that year. 

Alabama.—The records for the year show an increase in shipments of iron 
and healthy conditions prevailing in the trade. Prospects were doubtful in the 
first quarter, but the spring months brought a better demand, which continued 
for the remainder of the year. At the close, the market was firm and strong, 
with good quotations and plenty of orders. Manufacturers are looking to the 
future with confidence and some are preparing to increase the output of their 
plants. 

Chicago, Ill—The pig iron consumption in this district increased fully 10% 
over previous years. Prices were steady; at no time was the variation greater 
than $1 per ton. Trade was hampered by the inability of the railway companies 
to handle the traffic, and the year closed with no improvement in this respect. 
The outlook for the future is encouraging, although some dealers and manu- 
facturers incline to the belief that a slump in prices will come before the end of 
1902. The consumption of pig iron in the Chicago district in 1901 ig estimated 
at 2,250,000 tons. 


AVERAGE MONTHLY PRICES OF IRON AND STEEL AT CHICAGO DURING 1901. 


Lake 
Local Pes Steel 
Superior g 
Coke No. 2. Charcoal. Plates. 


Long Tons.| Long Tons. 
$14°75 $19°00 


September... 
October .... 
November.. 
December 


$16°50 | $14-60 


Cleveland, Ohio.—The production of pig iron in this section in 1901 was 
unprecedented, and there was hardly a time that the demand did not exceed the 
output. Prices were steady throughout the year. Large sales of material, espe- 
cially steel, were made on contracts covering the output of the furnaces for a 
period of six to fifteen months. 
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IRON ORE SHIPMENTS FROM UPPER LAKE PORTS. (IN TONS OF 2,240 LB.) 


Ports. 1899. 1900. 1901. Ports. 1899. 1900. 1901. 
WSCANADA ss. vis sc cr ociee ve 3,720,218 | 3,436,734 | 4,022,668 ||;Duluth.................. 3,509,965 | 3,888,986 | 38,437,955 
Marquette.............. 2,733,596 | 2,661,861 | 2,354,284 ||— - - 

PNA eins Rae SIGS 2,703,447 | 2,633,687 | 2,886,252 Total by Lake...... 17,901,358 | 18,570,315 |20, er 

Two Harbors ssccacdc «i 3,973,733 | 4,007,294 | 5,018,197 ||Rail shipments......... 350,446 489, 078 °431,7 

GIBASEOMO! Te i... cisigscteise vie 381,457 418,854 117,089 = - 

Superior......... soe aae 878,942 | 1,522,899 | 2,321,077 Total shipments... . . 18,251,804 |19,059,393 |20,589,237 
SHIPMENTS O¥ LAKE SUPERIOR IRON ORE BY RANGES. (IN TONS OF 2,240 LB. ) 


Year. Marquette.| Menominee| Gogebic. |Vermilion. | Mesabi. aoe Totals. 
PRO erate olskeincetsresierscinie 2,715,035 1,937,913 2,258,236 1,278,481 | 4,280,873 |...........--- 12,469,638 
WSOG srorcye,-starelstetersmceieretereie ott 3,195,039 2,527, 27 2,498,462 ABQGH AD! WA O13 706 Iie emer oo 14,029,683 
UBIO ace eiarelel fieveisteroisinisisiels 3,757,010 8,301,052 2,795,856 Ugals Om ue OlO Osea eee niche see dele 18,251,804 
IPO Signe some Coos @bnd a6 3,457,522 3,261,221 2,875,295 1,665,820 | 7,809,535 62,000 19,131,393 
OOD iacrcrns oe sive uararere'siiers 8,254,680 3,605,449 2,938,155 1,786,063 | 9,004,890 160,000 20,749,237 
Totals from opening.| 62,847,473 | 37,621,428 34,154,790 | 16,977,243 | 40,404,967 222,000 192,227,901 


IRON ORE RECEIPTS AND STOCKS AT LAKE ERIE PORTS. (IN TONS OF 2,240 LB.) 


Receipts at Ports. Stock on Docks Dec. 1. 
Ports. 
1898. 1899. 1900. 1901. 1898. 1899. 1900. 1901. 

Toledo..... efeierets 414,012 792,348 645,147 798,298 146,568 186,422 242,375 254,196 
Sandusky....... 136,200 87,499 154,542 33,017 48,500 23,184 95,111 47,384 
ls (bio) ee Segnenoes 126,755 263,600 321,914 431,311 139,982 164,480 211,377 231,501 
IL@ WM: SoA meando 536,086 1,112,946 1,090,235 721,662 324,034 837,822 251,838 195,863 
Cleveland .......| 2,645,318 8,223,582 3,376,644 3,831,060 1,175,970) 1,200,806) 1,837,445 || 1,378,060 
Fairport ........ 912,879 1,241,013 1,085.554 1,181,776 719,794 692,147 611,717 710,590 
Ashtabula....... 2,684,563 8,341,526 3, 5,700,486 3,981,170 1,782,671) 1,902,598) 1,811,459 1,769,145 
oncsret ais 1,404,169 2,320,696 2) 556, 631 8,181,019 288,101 468,808 630,514 604,106 

Re ateieie) atevae  ohereie 1,092,364 1,309,961 1,240,715 1,379,377 439,167 361,335 480,734 470,718 
Tonawanda... t 1,075,975 1,530,016 1,616,919 1,475,386 121,620 192,681 232,109 198,100 
Totals .......| 11,028,821 | 15,222,187 | 15,797,787 | 17,014,076 5,136,407 5,530,283] 5,904,670 | 5,859,663 


Pittsburg.—The past year was more satisfactory to the iron and steel interests 
than 1900 or 1899, despite the big strike of steel workers, which curtailed the 
production of the United States Steel Corporation by thousands of tons. While 
prices did not reach as high a point as in the preceding two years, the output of 
mills and furnaces was much larger. The capacity of many plants was increased 
and new works were built, but at no time was the production in excess of the 
demand. The year opened with Bessemer iron considerably depressed in price 
and small sales were made as low as $12°25 at Valley furnace. The buying move- 
ment was started by the Carnegie Steel Co., which contracted for 150,000 tons 
of Bessemer pig at $12°50, and other sales were negotiated, bringing the January 
total up to 215,000 tons. Bessemer billets remained at the fixed price of $19°75 
per ton until April, when the price was advanced to $24. ‘There was a strong 
demand for sheet and tie bars, and the quotations ruled high throughout the 
first half of the year, sales having been made at $28 and $29 per ton. Tank 
plates sold at $1°40, but soon were advanced $2 per ton, and by another $2 in 
April. Rails, standard sections, sold for $26 per ton until April, when the price 
was raised to $28, at which figure large contracts were made that practically fixed 
the prices, not only for the remainder of 1901, but also for 1902. The demand 
for light rails in the latter part of the year was without parallel, and high prices 


THE MINERAL INDUSTRY. 


were paid for fair deliveries. Sheets, No. 28 gauge, brought 2°95c. in J anuary, 
advancing to 3°35c. in February, where they remained until July 1, when a 
reduction to 3c. was made for large lots. Bessemer pig advanced to $14 in 
February, with the increasing demand, and during the next two months prices 
reached $16@$16-25. In July the United States Steel Corporation established 
a central pig iron purchasing department, through which all iron for the constitu- 
ent companies is bought. For the remainder of the year prices ranged from $15°50 
to $16; in December prompt deliveries commanded a premium over these figures, 
owing to a serious shortage of coke which forced many of the furnaces to bank. 
Sheet bars in the latter half of the year were strong and sales were made for 
prompt deliveries as high as $30 and $31 per ton. Tank plates from April to 
December remained at 1:60c., with a good market. The great need of the Pitts- 
burg district is increased shipping facilities. The freight congestion is becoming 
worse each year, and until relief is had the proper operation of furnaces and mills 
will be greatly hampered. 


DECEMBER PRICES FOR IRON AND STEEL AT PITTSBURG. 
(Per Long Ton.) 


{ 
1901. | 
| 


i Billet 6ndsit se. os... 


|| Heavy melting steel.... 
|| No. 1 wrought scrap.... 
Steel rails 

|| Iron bars (6) 

Steel bars (6) 

Cut nails (b) 

Silvery, No. 1 : Be Wire nails (6) 

Charcoal, No. 1 Foundry... B ie 2 || Furnace coke at ovens.. 
No. 2 Foundry 26°00 gi 1) || Ferromanganese, 80%... 
Cold blast : He8 || Old iron rails 

Warm blast ; 5 || Old steel rails........... 
Muck bar 3° 24° 9° Sheets, No. 28 gauge (b). 
Billets 87 24 3°00 || Tank plate (0) 


Bessemer 
No, 1 Foundry.. 
No. 2 Foundry.. 
Basic iron 


IO IA 
OULOT OTOL 


(a) No quotations available as quantities used in Pittsburg are comparatively insignificant. (6) Cents per 
pound, 


PRODUCTION oF Pig IRON AND STEEL IN THE WoR LD. 


The total production of pig iron for the world in 1901 was 40,785,605 metric 
tons, an increase of 587,011 metric tons over that of 1900, while the production 
of steel amounted to 31,018,490 metric tons, an increase amounting to 3,040,861 
metric tons for the year. A comparison of the relative production of pig iron 
and steel during the past few years shows that annually greater proportions of 
pig iron are being converted into steel, due to the demands for structural pur- 
poses, as well as to decreases in the cost of manufacture. Large quantities of 
steel are absorbed for the production of cars and structural steel. The prosperity 
in iron and steel was greatest in the United States in 1901, the production of 
both in the United States being more than Germany and Great Britain combined. 
Germany and the other European countries suffered greatly from depression in 
the iron and steel trades during the year. The statistical diagram which is given 
later in this section, shows very clearly the relative position occupied by the 
products of iron and steel during the past 25 years. Of the world’s production 
of pig iron in 1901, the United States made 39'5%, the United Kingdom 19-3%, 
and Germany 19°2%, a total of 78-0% of the entire output for the year... The 
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percentage of the world’s production of steel for 1901 was for the United States 
44:1%, United Kingdom 16:°3%, Germany 20°6%, a total of 81°0% of the 
world’s supply. 

Belgium.—The total production of pig iron in 1901 was 765,420 metric tons, 
against 1,145,654 metric tons in 1900, showing a decrease of 380,234 tons. ‘These 
totals include foundry, forge, and steel pig. The total production of steel in 
1901 was 526,670 tons, against 655,199 tons in 1900, a decrease of 128,529 tons. 
While there was a considerable falling off in the production of various grades of 
pig iron during 1901, the production of finished iron showed some progress, but 
this was offset by-a decline in the output of steel. The number of furnaces in 
blast on December 31, 1901, was 26, against 31 for the corresponding date of 1900. 

Canada.—The production of pig iron during 1901 was 244,976 long tons, 
against 86,900 long tons in 1900, a very considerable increase during the year. 
Of the total output of pig iron, 228,893 long tons were coke iron, and 16,083 
long tons were charcoal iron. The production of Bessemer pig iron was 29,577 
long tons. No spiegel iron nor ferromanganese was produced during the year. 
The annual consumption of pig iron and stcel and their products in Canada 
is between 800,000 and 820,000 long tons. The exports of iron ore during 
1901 amounted to 306,199 short tons. On December 31, 1901, there were 12 
completed furnaces and four more in course of construction, with a total aggre- 
gate capacity of nearly 1,100,000 long tons. The investment of capital in Sydney, 
Hamilton, Deseronta, Midland, New Glascow, Radnor, Drummondville, and Fer- 
rona amounts to $24,500,000 which will be increased to $35,000,000 with the com- 
pletion of a new furnace early in 1902. The Lake Superior Power Co., at Sault 
Ste. Marie, Ont., is building an extensive plant for making pig iron, steel, and 
steel rails, the latter the first plant of its kind to be erected in Canada. Of the 
four furnaces which were erected during 1901, by the Dominion Iron & Steel Co., 
at Sydney, Cape Breton, N. 8., three were put into blast during the latter part 
of the year, and the fourth in January, 1902. 

France.—The production of pig iron in 1901 was 2,400,240 metric tons, 
against 2,714,298 metric tons in 1900, a decrease of 314,058 metric tons for the 
year. The production of all kinds of steel during 1901 amounted to 1,465,071 
metric tons (against 1,565,164 tons in 1900), which was distributed as fol- 
lows: Bessemer steel ingots, 860,425 tons; open-hearth steel ingots, 604,646 tons. 
There was a decided falling off in all branches of the iron and steel industry 
during the year. , 

Germany.—The production of pig iron in Germany, including Luxemburg, 
is reported by the Association of German Iron and Steel Makers in the. follow- 
ing table :— 


Description. _ 1899. 1900. 1901. Changes. 


Metric Tons. % Metric Tons. % Metric Tons. | % Metric Tons. 

Hound ry siton <cnunies cuentas 1,424,732 Dyers 1,487,929 17°8 1,512,107 | 19°4 | Inc. 24,198 
MOLPOMEOM Gs a caes tse ceeatees 1,663,571 20°7 1,587'.194 19°0 1,356,794 17°4 | Dec. 230,400 
Bessemer pig........ceeeeeees 516,950 6°5 495,790 5°9 464,036 6°0 | Dec. 31,754 
Thomas (basic) pig.........-. 4,424,052 551 4,780,829 | By Aes} 4,452,950 57°2 | Dec. 327,879 
MPORAISES asic vate ues cahieutias 8,029,305 100°0 8,351,742 | 100-0 7,785,887 | 100°0 | Dec. 734,653 


Fe 10,000,000, 


NS. 


by 
: 
5 
& 
.) 
x 
S 
Ss 
= 
RS 
= 


Tur Wor.Lp’s Propuction oF Pig Iron 
In Merric To 


anes 
Pe Fee er Ni 
EECECECeee eee 


IRON AND STEEL 389 


HEE see : ‘< HE 


.s 


radertresttee 
nee ete | TT tL | 
: THE WoRLD’s PRODUCTION OF STEEL 

in Merric Tons. 


390 THE MINERAL INDUSTRY. 


PRODUCTION OF PIG IRON AND STEEL IN THE PRINCIPAL COUNTRIES. 


TONS. ) 
See Se a ee eR a a Ree aed alo dpa Be 


Austria- F Can- 
Hungary. Belgium. ada. 


(IN METRIC 


France. Germany, 


PigIron. | Steel. 


Pig 
Tron. 


553,000 
605,500 
1,127,104 
1,145,654 
1,142,000 


1,311,949 
1,300,000 


1,035,037 
979,755 
1,036,185 
1,161,180 
765,420 


Steel. 


527,617 
567 728 
729,820 
655,199 
526,670 


Pig 
Iron. 


49,497 
69,248 
95.582 

7.612 

248,896 


Pig Iron. 


Steel. 


Pig Iron. 


Steel. 


2,484,191 
2.525, 100 
2.578.400 
2,714,298 
2400,240 


994,891 
1,174,000 
1.240.000 
1,565,164 
1,465,071 


6,864,405 
7,215,927 
7,160,203 
7,549,655 
7,835,204 


5,091,294 
5,734 307 
6,290.434 
6,645.869 
6,394,222 


Italy. 


Pig 


Ton Steel. 


Russia. 


Spain. 


Sweden. 


Pig Iron. 


Steel. 


8,393 
12,387 
19,218 | 108,501 
23,990 115,887 

a 25,000 {a120,000 


63,940 
87,467 


1,880,135 
2,241 .290 
2,708,749 
2,895,636 
a@ 2,750,000 


821,000 
1,095,000 
1,321,328 
1.830.260 

a 1,815,000 


Pig 
Tron, 


Steel. 


Pig 
Tron. 


Steel. 


298,841 
229.754 
266,385 
289 788 
294.118 


121,100 
112,605 
117,650 
144,355 
122,954 


538,197 
531,766 
497,727 
526,868 
528,375 


United Kingdom. 


United States. 


Pig Iron. 


Steel. 


4,559," 
4.639.042 
5,080,000 
5,130,800 
5,080,000 


Pig Iron. 


Steel. 


36 | 9,807,128 
11,962,317 
13.838, 634 
14,009,870 
16,132,408 


7,289,300) 
9.075, 783 
10,832,765 
10,382,069 
13,689,173 


All Other 
Countries. 


PigIron. 


(a) 


450,000 
545,000 
625,000 
625,000 
635,000 


Steel. 
(a)_ 


Totals. 


Pig Iron. 


268.300 
263.700 
273,454 
800,536 
269,897 


Steel. 


310,000 
355,000 
400,000 
400,000 
405,000 


33,508,093 | 
36,418,900 
39,722,260 
40,198,892 
40,800,680 


20,610,178 
23,710,432 
27,520,966 
28,315,798 
31,029,987 


(a) Estimated. 


For the nine years previous to 1901 Germany had enjoyed a gain in both iron 
and steel production with each succeeding year, but the financial depression of 
1901 made it impossible for the home market to absorb even the restricted pro- 
duction of the furnaces, and during the closing months of the year German pig 
was offered at very low prices on the English market. During 1901, 92°7% of the 


entire steel output was made by the basic process. The fact that over 80% of 
the pig iron made during 1901 was converted into steel shows the increase in itg 
use and the decreased use of wrought iron. 
The production of steel in Germany, as reported by the Association of German 
Tron and Steel Makers, is given in the subjoined table :— 
1899. 


1900. 1901. 


Metric Tons. 
3,973,225 
1,693,825 


Metric Tons. Metric Tons. 
8,975,070 
1,886,536 

67,576 


Basic converter 
Basic open-hearth 
Basic castings (direct) 


Total basic 
BOEGRGMIER: 5S. iocicaw ies oe 
Acid open-hearth 
Acid castings (direct) 


5,667,050 
623,384 


5,929,182 
299,816 
125,590 

39,694 


Totals. <..00%8 5's 6,290,434 6,645,869 


eeeeeeeroere 


6,394,222 
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The German methods of classification in their statistical records are so different 
from those in general use that correct reports are difficult to ascertain. Spiegel 
iron is included with forge iron, and while the total production of steel pig for 
the year is given as 4,916,986 metric tons, the total production of steel shows that 
more than 80% of the total pig iron production was absorbed in steel making. 
The highest proportion of basic pig was made from the minette ores of Luxem- 
burg, while about 75% of the Bessemer pig came from the Rhine district. 

Mexico—The Compafiia Fundidora de Fierro y Acero de Monterey was or- 
ganized in May, 1900, with a capital of $10,000,000 to operate the iron mines on 
Carrizal Mountain, on the line of the Mexican National Railroad, and at Mon- 
clova, on the Mexican International Railroad. Two of the Carrizal Mountain 
mines are large enough for present needs, and the ore is being conveyed by two 
Bleichert tramways carrying about 1,000 tons daily from the mines to the loading 
terminal of the branch railway, about 5 miles from Golondrina station on the 
- main line of the Mexican National Railroad. The ores of the various mines owned 
by the company supply magnetite, hematite, or brown hematite, all of good 
quality, and comprise the only deposits of Bessemer iron known to exist in the 
Republic. Manganese ores varying from 40 to 55% of metallic manganese 
and low in phosphorus are readily obtainable in the vicinity, and limestone of an 
exceptional quality is found in enormous quantity close to Monterey. The Laredo 
coal field of 30,000 acres is owned by the company, and it also owns in part the 
coal fields at Barroteran, which are suitable for blast furnace coke. The plant 
at Monterey comprises one large blast furnace and three 35-ton open-hearth steel 
furnaces, all equipped with electric charging and carrying machinery. Besides 
foundry, machine shop, blooming mill, etc. The plant is eyuipped to manufacture 
steel rails, beams and shapes, billets and bars, pig iron and castings, and has a 
gross capacity of about 128,000 tons per annum. 

Norway.—The Dunderland Iron Ore Co., Ltd., capitalized at $10,000,000, has 
acquired from the Norwegian Government extensive ore beds about 18 miles 
inland from Mo, on the Ronen Fjord, in the North Sea. It is estimated that 
50,000,000 tons of iron ore, bearing 40% iron, are available in one deposit. An 
electric plant will be erected after plans of Turrettini, the well-known Swiss 
hydraulic engineer, about midway between the mine and tidewater, where a water- 
fall 112 ft. high, which will yield from 10,000 to 15,000 H.P., will be utilized 
by Edison’s electric concentrator process. A railroad will be built from mine to 
tidewater, and the entire equipment will be from American factories. The iron 
ore will be crushed, passed through the Edison magnetic separator, and then made 
into briquettes for the blast furnace. 

Russia.—The complete figures for the production of iron and steel in Russia 
are not available at the time of publication, but from the data at hand, it is 
evident that the production of both commodities for 1901 will be slightly less 
than for 1900, which is officially reported at 2,895,636 metric tons for pig iron, 
and 1,830,260 metric tons of steel. : 

Spain—The production of iron ore and iron and steel products which is 
usually reported by the Revista Minera in advance of the Government report, 
has not appeared at the time of publication this year. The production of iron 
ore in 1900 amounted to 8,840,246 metric tons. The exports of iron ore during 
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1901 were 6,637,613 metric tons, as compared with 7,823,270 metric tons in the 
previous year, which shows a decrease of 1,185,657 metric tons. The products of 
iron and steel during 1899 and 1900 are given in the subjoined table :— 


Pig iron 294,118 
Wrought, or puddled iron 65,045 
Bessemer steel ingots 91,586 
Open-hearth ingots.................. 59,048 
Finished iron and steel 212,121 


The amount in metric tons and the destination of the exports of iron ore from 
Spain for the past five years are given in the subjoined table :— 


Destination. 1897. 1898. | 1899. 1900. 


4,748,557 6,224,229 5,489,328 
1,193,924 1,544,449 1,441, 128 
399,424 443.818 | 450,746 
201,693 254,860 | 247.351 
5,792 132,422 195,964 
8,670 13,359 3,758 


6,558,060 8,613,137 7,823,270 6,637,618 


(a) Statistics not available at time of publication. 

Sweden.—(By Richard Akerman.)—The following iron and steel products 
of Sweden during 1901 were reported direct to THE MINERAL INDUSTRY by the 
General Director of the Official Mineral Statistics of Sweden. The figures are 
in metric tons: Iron ore, 2,795,160; pig iron, 528,375; steel blooms produced 
from pig iron in charcoal hearths, 164,850; Bessemer steel ingots and castings, 
77,231; crucible steel ingots and castings, 1,088; open-hearth steel ingots and 
castings, 190,877; blister steel, 701; bar iron and steel, 152,183; nail and wire 
rods, band iron and steel, 89,135; otherwise shaped iron and steel in bars, 6,282 ; 
plates (sheets not included), 13,856; tube-blocks, hollow blooms, and_ billets, 
14,333. The number of furnaces in blast during the year was 139, the average 
daily product per furnace being 13°96 metric tons, the average time each furnace 
was in blast. was 272 days. The exports of steel and iron products from Sweden 
during 1901 are elsewhere reported in metric tons as: Iron ores, 1,761,000; 
pig iron, 84,600; charcoal blooms, 18,900; steel ingots, 5,900; bar iron and 
steel, 142,100. 

Switzerland.—It is reported that electric smelting for iron and steel is to be 
inaugurated on a large scale during 1902, near Meiringen, in the Bernese Ober- 
land, and that the State has given a concession for the working of an outcrop 
of hematite which is 7 ft. in thickness for a distance of two miles in length. 
60,000 H. P. is to be utilized from a water-power in the vicinity, and the ore 
will be transported to Innerkirchen, in the valley below, by means of an aérial 
tramway. lack of fuel for smelting has heretofore restricted the development; 
of metallurgical industries in Switzerland. 

United Kingdom.—While- the British and American iron and steel trades 
have heretofore customarily paralleled each other in progress, during 1901 the 
United States exceeded all previous records in production, while the United 
Kingdom produced but 7,886,019 metric tons of pig iron, against 9,003,046 
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metric tons during 1900, a decrease of 1,117,027 metric tons for the year. The 
production of steel for 1901 was 5,080,000 metric tons, against 5,130,800 metric 
tons for 1900, a decrease of but 50,800 tons, which did not compare with the 
decrease in pig iron production. The home consumption of pig iron and steel 
showed little change, the decrease in both products being due to increase of 
stocks at the close of the year (a total of about 65,000 tons being on hand) and 
decreased exports to Russia and Germany, owing to the financial depression exist- 
ing in those countries. During 1901 there was a considerable fall in prices of 
pig iron; Scotch pig at the opening sold for at about $14°50, while at the close 
of the year the price fell to about $11:50; Cleveland pig fell from $12 at the 
opening to $10-25 at the close of the year; while hematite or Bessemer pig iron 
droped from $15:25 to $13°25 per ton. The prices of finished material decreased 
accordingly. Iron and steel bars decreased in price about $6 during the year} 
sheets about $5; steel rails and ship plates about $2°50. During 1901, 55 blast 
furnaces suspended operations. 

The production of steel in the United Kingdom is detailed in the subjoined 
table :— 


eS aa a Be ee ee 


Variety. 1898. 1899. 1900. 1901. 
Long Tons. | Long Tons. Long Tons. Long Tons. 
Aid steel.......cccccccecsovcers 8,845,764 4,048,259 (a) 4,328,399 4,063,444 
Basic steel .......esecccceseeres 720,222 812,066 (a) 821,601 841,000 
Total open-hearth .......+++- 2,806,600 3,030,251 8,156,050 8,297,791 
Total Bessemer.....--seeeseee 1,759,386 1,825,074 1,745,004 1,606,653 
Total crucible ......-+eeseeeee (a) 100,000 (a) 144,325 (a) 148,946 (a) 95,956 
Total steel.......ceceereeeeees (a) 4,665,986 5,000,000 5,050,000 5,000,000 


(a) Estimated. 


The chief descriptions of finished Bessemer steel, which are reported to the 
association are given in the subjoined table :— 


i Nee cota ey ste Ee ee ed Mae ee ee 
1900. 1901. 1900. 1901. 
Laie Caan Peer GUDORDCOGCOR TCO GOCT 759,814 732,000 ||Blooms and billets.......++++++++++ 280 220i scceraitiereisre 
Plates and angles......-.++e+.seees QC TOS: heroes es BATS tie ce cimeee heroes toeuests QOL TODE | neers 
Sleepers ....eeeecersereeseeereeeees Q7291 |. ee esenes Lat empgialeen kel Ae Pecan caats 7,385,228 |......000- 


MopvEerRN IMPROVEMENTS IN THE MANUFACTURE OF Pig IRon. 
By JOHN BIRKINBINE. 


THE rapidly increasing production of pig iron in late years is due to numerous 
changes in plant construction, equipment and management which have resulted 
from the application of scientific principles and efficient business acumen. Among 
these factors may be mentioned the following :— 

1. The exploitation on a liberal scale of largé iron ore deposits which have 
made available immense quantities of ore previously unexpected, the erection 
of docks, construction of vessels and special handling appliances for the trans- 
portation and delivery of these quantities. Similar developments of coal mines, 
construction of coke ovens and the introduction of means for cheaply handling 
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both the crude material and the finished product have supplemented the efforts 
to secure supplies of ores. 

2. The growth of the steel industry, first in the line of “Bessemer” steel and 
later in the development of “open hearth” steel has had a most potent influ- 
ence in furnishing a market for metal and in regulating its quality. 

3. The enlarged proportions of blast furnaces, with greater blast pressure and 
higher blast temperatures have produced not only furnaces of greater size, but have 
increased very largely the capacity from a given unit. Possibly the extent to 
which technical investigation has been followed in the operation of the blast 
furnace and the determination of the characteristics of ore, fuel and flux, has 
done as much as anything else to achieve these results and surely it is not second 
to the wonderful perfection of mechanisms which have been introduced in the 
plants which are now prominent producers. 

Iron Ores.—In late years three or four prominent iron ore mines in the United 

tates have each produced 1,000,000 tons or more of ore, and the maximum out- 
put from a single operation, either in the United States or, as far as known, 
in any other part of the world, was reached by the Fayal mine, which in 1901 
supplied 1,681,000 tons of merchantable ore. Since 1883 from 5 to 15 of the 
iron ore mines in this country have contributed over 500,000 tons each in a 
ycar. Most of the mines reporting these large outputs are in the Lake Superior 
region, where navigation is suspended for four or five months in the year, and 
although development work is prosecuted during the winter, it may be considered 
that these large quantities are won at the rate of from 2,000 to 7,000 tons per 
working day from the mines mentioned. There are important mines elsewhere, 
and among those which have supplied 500,000 or more tons per annum are in- 
dividual mines in Alabama and Pennsylvania. These statements taken in con- 
nection with the fact that the bulk of this ore is sent to furnaces from 500 to 
over 1,000 miles distant and that shipments from the Fayal mine in one month 
reached 375,814 tons, demonstrate the growth of the iron ore mining industry. 

It is, however, not only the facilities for mining large quantities of iron ore 
cheaply which command attention, but also the means of transporting them from 
mines to vessels and delivering them into vessels’ holds, the equipment, capacity 
and speed of the vessels themselves and finally the appliances for removing the 
ore from these vessels and transporting it to furnaces. 

The quantity of iron ore mined in the United States in the last decade has in- 
creased from 16,000,000 to 29,000,000 long tons by the improvements in mining 
machinery and mining methods in the use of large cars, heavy locomotives. sub- 
stantial railroad construction, powerful vessels, and elaborate dock equipment, 
and by the liberal employment of steam, electricity and compressed air. An 
important feature also has been in the close application of chemical analyses to 
the grading of iron ores, whereby an ounce of phosphorus in a long ton of 
iron ore may place it within or without the Bessemer limit. The Lake Superior 
region produces about three-quarters of the iron ores won from the mines of 
the United States. 

The Bessemer steel industry increased the demand for iron carrying small 
amounts of phosphorus, and threatened to interfere with the development of a 
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few large iron ore deposits in which this element was in greater proportion than 
was desired or was acceptable as within what is commercially known as the Besse- 
mer limit (a limit which has been practically reduced until in a standard ore 
but one part of phosphorus to 1,300 or 1,400 parts of iron is allowed). However, 
with the later growth of the open-hearth steel industry, the demand for ores not 
within the Bessemer limit has been increased, although a low phosphorus ore is 
preferred in the majority of cases. 

Fuel.—The original fuel used in the blast furnaces until 1840, was confined 
to charcoal, then anthracite and bituminous coals were employed, and in 1855 
the quantity of pig iron smelted with anthracite exceeded the quantity made with 
charcoal, but as the application of coke in place of raw bituminous coal advanced, 
it passed anthracite in 1875 as a popular blast furnace fuel. At present fully 
87% of the blast furnaces for iron in the United States are charged with coke; 
anthracite ranking next in order, and charcoal last. The output of the charcoal 
furnaces in 1901 amounted to only 382,441 tons. 

Some of the pig iron reported as made with anthracite or charcoal is produced 
with a mixture of coke and the fuels named. : 

To supply the demands of the large furnaces, a liberal development of bitumin- 
ous coal mines and an augmentation in the number of coke ovens has been neces- 
sary. The selection of desirable coking coals in which the proportion of sulphur 
and phosphorus are within the required limits has encouraged the introduction 
of by-product ovens in which the products of distillation are in part used for 
heating these ovens, obtaining a large yield from the coal charged and permitting 
he utilization of coals in which the volatile matter is insufficient to maintain the 
heat in the ordinary bee-hive oven. It is now proposed to improve still further 
the coke made in some of these by-product ovens by compressing the coal in ad- 
vance, thus obtaining a greater yield from each charge and securing a denser 
product and compensating for the swelling or contraction which is often trouble- 
some in the manipulation of the ovens. 

A late departure in the supply of fuel has been by the erection of ovens at 
the blast furnace, the coal being brought from a distance. This departure is con- 
fined to by-product ovens, and it is expected to obtain value either from the 
by-products, or the use of the excess gas if the coal used is high in volatile matter. 

Blast Furnaces.—The growth in the dimensions of blast-furnace stacks re- 
ceived a decided impetus within a few years and stacks were constructed higher 
and of larger bosh and crucible diameters than had heretofore been built except 
in isolated instances. It is questionable whether further increase in these direc- 
tions will be generally considered as desirable. There are apparent limitations 
in the height of the furnace and in the diameter of the crucible which affect the 
fuel, especially when it is used in connection with a large proportion of finely 
comminuted iron ore. ; 

The descending column in a large blast furnace subjects the coke (the fuel 
now generally used) to considerable abrasion, producing in a high furnace with 
a longer shaft more coke dust than in a low furnace. Furthermore, the method 
of handling the coke from the cars to the bins, thence to the weigh cars and the 
skips, and finally through two charging bells, encourages its decrepitation. It is 
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also claimed that in the long narrow shafts of the higher furnaces, the swelling 
of the reduced ore affects the blast resistance. The pressure to overcome this 
resistance as well as that due to the column of stock and that required to per- 
meate the wider hearths, seems to exceed the resisting capacity of many of the 
cokes, and as a result the decrepitation of the coke is still further increased, and 
accumulations of this fine material form in the blast furnace above the point where 
the fuel may be expected to be in active combustion. Owing to obstructed blast, 
pressures which under normal conditions would not exceed 12 to 15 lb. per sq. in. 
at the tuyeres are increased to 20 Ib. and over with a tendency, under existing 
conditions, for the furnaces to channel and work irregularly. At the time of 
writing few of the larger furnaces are producing proportionately more iron or 
iron on lower fuel consumption than those which a few years ago were considered 
large. That is, blast furnaces ranging from 20 ft. bosh diameter up to 23 ft., 
with crucibles 13 to 16 ft. diameter, and heights from 95 to 105 ft., are not as 
a rule doing better work or materially exceeding in output those of a bosh 
diameter not over 20 ft., with crucibles not exceeding 12 or 14 ft. in diameter 
and of a height approximating 90 ft. 

A radical development has been made in the means of delivering the raw 
materials into the furnaces. The general method had been to drop the ore, flux 
and fuel from cars running on trestles to piles below the tracks, then to shovel 
or fork the material into charging barrows and to wheel them to a vertical 
elevator or inclined plane, and there consign them to top fillers, who deposited 
their contents on to the bell of the furnace. This is being replaced by a series 
of bins, which form portions of the trestle; chutes from these bins deliver the 
material into charging scale cars, which in turn shoot the ore, flux or fuel into 
skip cars, although at some furnaces, the materials are fed direct from the bins 
to the skip cars. The skip cars travel on inclined planes and are dumped at 
the top of the furnace into a receiving hopper with bell, which when full de- 
posits its load in the main hopper, the upper bell closing as a seal. Friable 
material such as coke and such ore as breaks readily is more finely comminuted 
in the bin system, as described above, than in the older method mentioned, and 
it is probable that the modifications of the stock-handling appliances will be in 
the direction of reducing this decrepitation and loss. The use of bins has 
necessitated a more liberal crushing of ore than has previously prevailed, ax 
it is difficult to discharge lumps of large size through the spouts. This necessity 
for crushing also produces ore of a more uniform size and undoubtedly facilitates 
the smelting process. 

Good management recognized the disadvantage of dividing a charge which may 
represent as much as five tons of one kind of ore into as many as 10 barrows, 
to be pushed by men to the foot of the hoist or incline. By means of bins and 
of scale and stock cars these charges are now fed in larger units, which results 
in a material saving of labor and a full supply to the large furnaces. In @is- 
cussing the handling of ores, fuel and flux are also included. 

In constructing furnaces the whole equipment must be designed for the work, 
and a plant to make 300 tons per day should have its boiler capacity, its blow- 
ing engines, its hot-blast stoves, etc., all proportioned for this product. If a fur- 
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nace is to produce 500 tons per day, a corresponding increase is demanded in 
all other features of the plant. “This increase is not confined to dimensions of the 
shell and of the parts mentioned, but extends to steam pipes, gas and blast 
connections, and to the apparatus for delivering the stock to and removing the 
product from the furnace. The maximum pressure under which the volume of 
blast is to be delivered controls the capacity and strength of the blowing engines 
and the power of the boiler equipment. Consequently the large furnaces require 
the expenditure of an amount of money greatly in excess of those of more moder- 
ate size. 

Hot-blast stoves have increased in height and diameter and the simpler forms 
with liberal openings and substantial partitions have prevailed. Some stoves 
exceed 100 ft. in height and others are 25 ft. in diameter; the shell is made of 
heavy steel, and as a rule, four stoves are allotted to each blast furnace, with 
ihe object of obtaining a uniform temperature rather than of securing the maxi- 
mum heat, which may be obtained intermittently from the incandescent re- 
fractory lining. 

In manipulating the furnaces a steam or air gun for closing notches and the 
liberal application of large metal troughs with skimming attachments for de- 
livering iron and cinder into ladles are features common, to the more modern 
plants. 

An item of blast-furnace construction which in late years has received atten- 
{ion is the multiplicity of tuyeres, but this branch, like many other innovations in 
blast-furnace equipment resulting from a change without careful study, has been 
disastrous in a number of instances. The single open tuyere of the older charcoal 
furnaces was supplemented by another opposite to the first, and as the furnaces 
were enlarged and the tuyeres closed, three, four, and sometimes five tuyeres 
were used. Later the number of tuyeres was increased but up to within the past 
decade few furnaces exceeded six, or at most, eight tuyeres. The introduction 
of as many as 20 tuyeres in the hearth of a large blast furnace encouraged man- 
agers to follow this example, and there are instances where sixteen tuyeres were 
placed in a relatively small crucible. The craze for a large number of tuyeres 
has however subsided, and in most of the large furnaces the number has been 
reduced to ten or twelve, and in some cases to eight tuyeres. 

The liberal use of water cooling for the bosh walls and the crucibles has in- 
creased the number of bosh plates, and decreased the intervals between these plates 
so that in some blast furnaces the boshes are practically a series of bronze water- 
cooled boxes separated by light fire-brick walls, which are held in place by sub- 
stantial bands. 

In removing the gases from the larger furnaces, two down-comers or a bi- 
furcated down-comer connecting on opposite sides of the furnace-top and uniting 
in a common conduit, lead to large dust catchers, and in several instances 
the dust catchers are connected with gas washers to collect and reserve for future 
use the accumulation of fine ore and coke which is carried from the furnace by 
the outgoing gases. This fine ore is principally the comminuted material which 
comes from some of the large mines in the Lake Superior region, and the amount 
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produced is influenced by the growing quantity of concentrated iron ore which is 
being utilized in the blast furnaces. 

Considerable dust also results from the breaking of the coke as above men- 
tioned. To reduce the amount of dust carried over by the flues some late con- 
structions withdraw the gases in several vertical flues extending some distance 
above the top of the furnace and then connect to a common down flue. 

Another specialty of modern blast-furnace construction is the application of 
water tube boilers in place of the long cylindrical boilers with mud drums and 
the return flue boilers formerly used at most of the blast furnace plants. The 
water tube boilers occupy less ground space and produce steam more rapidly, but 
they do not possess the reserve capacity, as a rule, of the older form. Taking 
into consideration the foundations, setting and buildings to cover the boilers, the 
cost of installing is in favor of the water tube type. ‘This is especially true 
when the higher pressure available is considered. A modern furnace plant is 
now equipped with from 3,000 to 4,000 H.P. of boilers. 

In blowing machinery, aluminum grid valves or positive motion air valves for 
the blowing cylinders, economical valve motions for steam cylinders, and the 
application of condensers, or compounding engines so that twin engines can be 
run as one compound machine, has been noticeable. These engines have been 
mostly of the vertical type with the blowing cylinder above the steam cylinder, 
but some large lately installed plants are of the horizontal type. As the require- 
ments of the larger furnaces, both for volume and pressure, exceed those of former 
practice (the volume in some furnaces reaching 70,000 cu. ft. per minute and 
the pressure at times approximating 30 lb. per sq. in.), these engines are costly 
features and require commodious and high engine houses of sufficient rigidity 
to support traveling cranes so that in case of emergency the parts of the pon- 
derous engine can be quickly handled. 

With the increased number of tuyeres and the enlarged diameter of those used 
and the general application of water cooling appliances about the bosh of the fur- 
nace, and about the valves at hot blast stoves, added to the requirements for boilers 
and for condensing steam, the demand for water for a blast furnace of large size is 
great, and where casting machines are used an additional quantity is required. At 
present in the larger plants from 3,000,000 to 4,500,000 gal. per day per furnace 
is provided. 

In handling molten metal and cinder, the prevailing practice is to dispense with 
the familiar cast house in which iron was cast into pigs, and to discharge the 
molten metal and the cinder into ladle cars, the former being transported either 
to mixers at Bessemer plants or to casting sheds where the pig iron is run into 
ordinary molds or to casting machines in which moving molds on strands of 
chains or rotating about a central pivot are filled and automatically emptied. 
Comparatively little of the raw materials received or of the metal produced at 
a modern blast furnace is handled by manual labor, the force about the furnace 
being confined practically to those who direct the discharge of the raw materials 
from the railroad cars into the bins and from the bins into the scale cars, etc., 
or to those who control the flow of metal or cinder from the tapping holes to 
the ladle cars. There is necessarily a considerable amount of labor required 
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about a blast furnace to attend to the engines and boilers, tuyeres, hot-blast 
stoves, etc., and in the stock yard also there are men to receive stock and clean 
up, while others are necessary to look after the minor details of furnace opera- 
tion, but the tendency in late years has been to eliminate manual labor in the 
operation of the blast furnace. 

The casting machine has made a radical change in the form of pig used, a 
slab rather than a bar representing the shape that is cast on most machines. 
These machines have also done away with the sand allowance (as did also the 
stationary chills used in cast houses) and has practically abolished the pig iron 
ton of 2,268 pounds. The future improvements in casting machines seem to 
be in reducing the number of wearing parts and possibly of producing pigs in 
the form of a small ingot. . 

The equipment of ladles to handle the liquid metal and cinder as it runs from 
the furnace, to convey the former to the mixer, converter or casting machine, 
and the latter to dump piles, together with the locomotives to handle the ladles 
and the extensive track systems necessary to have ample ladle capacity always 
available at the furnace or to accommodate cars loaded with ore, fuel, flux, flue- 
dust, etc., all help to swell the total outlay for a single plant until those lately 
constructed have cost from $750,000 to $1,000,000 each. This fact, coupled with 
the desirability of having several blast furnaces in one plant connected as a means 
of supply for a steel works, and the necessity of having control of ore and fuel 
supplies for an industry which makes such heavy demands, has taken the blast 
furnace largely out of individual or partnership control. The majority of those 
lately constructed belong to companies which, in a number of instances, have con- 
solidated to form aggregations of capital operating a number of blast furnaces. 
that demand enormous supplies of raw materials; hence plants of this type 
have become important features in the business enterprise of the country. 

While this paper is not intended to be statistical, the following figures, indi- 
cating the active furnaces and their product, will emphasize the development of 
the pig iron industry in the United States during the past 25 years :— 


Furnaces in Blast Total Number Production. 
at Close of Year. of Furnaces. Gross Tons. 


Assuming that the mean of the total number of furnaces in blast at the com- 
mencement and close of each year above quoted was a fair average of those oper- 
ated throughout the year and that these were producing 300 days per annum, the 
approximate average tonnage of pig iron per furnace per day is: for 1875, 21 
tons; for 1880, 31 tons; for 1885, 53 tons; for 1890, 94 tons; for 1895, 147 tons; 
for 1900, 176 tons; and for 1901, 213 tons. 

Of the total pig iron production for 1901, 9,596,793 gross tons consisted of 
Bessemer iron and 1,448,850 of basic pig iron. 

The blast-furnace manager must keep each of his large furnaces supplied with 
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1,500 to 2,000 tons of raw material per day, and must arrange a mixture of the 
ores available in order to secure a metal of the desired quality ; the composition of 
the ores, the fuel and the flux must be carefully analyzed and watched to pro- 
duce at each cast more than 100 tons of metal in which the phosphorus, sulphur, 
carbon and silicon is within very narrow limits. 

A liberal supply of water and of gas for boilers and also of gas for hot-blast 
stoves must be maintained. The operation of the blowing and the pumping ma- 
chinery as well as that of the electric plant for lighting and power is also under 
constant surveillance; no break should occur day or night, week-day or Sunday. 

Under the conditions of modern blast furnace operation it is not remark- 
able that the changes in the personnel of management are numerous, for the 
physical and mental strain is severe and continuous. A manager is judged by 
his results, he shares in the responsibility of imperfect design and suffers from 
the delivery of undesirable material, which increases his anxiety and trouble. 
When the chemical and physical limitations under which the modern blast fur- 
nace is operated are taken into account, in connection with the large product 
demanded, a product whose deficiencies are only recognized in subsequent opera- 
tions in the converter or mill, it is evident that the position of a blast-furnace 
manager is not a sinecure. 

Independent of the increased size of the blast furnace, there has been an in- 
crease in output per furnace, and although the production of the United States 
in 1901 has never been exceeded, it was obtained from fewer furnaces than were 
in operation two decades ago when but 1,706,793 gross tons were produced. This 
result has been brought about by the perfection of the blowing machinery, the 
use of well constructed hot-blast stoves with the connections (gas or steam) kept 
airtight and of such proportions as to stand the severe strain placed upon them; 
but primarily to a more thorough knowledge of the reactions which take place 
in the blast furnace. 

As a result, the large output has been accomplished in many instances by mar- 
velously low fuel consumption. Records have been made which show that in pro- 
ducing hundreds of thousands of tons of pig iron per annum, a consumption of 
less than 1,800 lb. of coke per ton of metal has resulted. While this economy in 
operation has been pronounced, the life of the blast furnace campaigns has been 
extended by the use of water-cooling appliances and improved details of construc- 
tion. At least three of the blast furnaces in the United States have made con- 
tinuous campaigns wherein over 1,000,000 tons of pig iron were obtained from 
each furnace, the campaigns lasting approximately eight years. 

Such results would seem to suggest that the criticism upon American blast-fur- 
nace practice, based upon the rapidity with which the furnaces are driven being 
prejudicial to the life of the plant, has not been verified, for large products have 
been obtained continuously and low fuel consumption secured. It is not an un- 
usual circumstance to find blast furnaces averaging about 500 tons of pig iron 
daily and in individual instances as much as 800 tons per day has been credited to 
a furnace as a “spurt.”” Such a “spurt” represents as the daily output of a single 
furnace a quantity of metal as great as one of the cold blast charcoal furnaces, 
which was the prevailing type prior to 1850, would have produced in a whole year. 


| 
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THE aggregate production of all varieties of lead in the United States during 
1901 showed an increase over the production in 1900 exceeding by 3,015 tons the 
record figures of 1900. The grand total of soft, desilverized and antimonial leads 
produced from both domestic and imported ores and refined from imported base 
bullion in 1901 amounted to 392,344 short tons, as compared with 379,248 short 
tons in 1900. The totals of desilverized, soft and antimonial leads in short tons, 
derived from domestic ores in 1901 and 1900 were respectively as follows: De- 
silverized, 211,368, 221,278; soft, 57,898, 47,932; antimonial leads, 10,656 (in- 
cludes production from foreign sources), 9,906 (includes 3,200 tons from foreign 
sources), total domestic leads, 279,922, 279,107. 


PRODUCTION AND CONSUMPTION OF LEAD IN THE UNITED STATES. (IN SHORT TONS.) 


aos Produced from United States Ores. : ha ane 
oc mporte oc 
oar of : 5 in ore aoe eo Hepes a of : 
* | Refined, : - and upply. | sumed. Sioa efined, 
Jan. i. | Desert) Bott: |, guna. | otal: |) Bullion. Forms. | Deo. 81. 
(a) ized. onial. (a) 
(Oe iene Coe 
TOOT os ke 13,024 144,649 45,710 7,359 197,718 92,117 302,859 211,845 60,353 81,161 
1898.... 81,161 169,364 50,468 8,643 228,475 89,209 348,845 246,989 78,168 23,688 
1899.... 23,688 171,495 40,508 7,307 217,085 76,423 817,196 215,662 74,944 26,590 
1900.... 82,320 | 221,278 47,923 9,906 279,107 108,341 414,768 241,440 | 100,288 66,640 
1901.... 66,640 | 211,368 57,898 10,656 279,922 112,422 457,984 807,151 97,100 53,733 


(a) Includes lead in bond, which amounted to 16,618 tons at the end of 1901, 21,190 tons at the end of 1900, 
11,320 tons at the end of 1899, 7,345 tons at the end of 1898, and 6,694 tons at the end of 1897, (6) The entire 
production of antimonial lead is entered as of domestic production, although part of it is of foreign origin; it is, 
however, impossible to separate this in the statistics; owing to this inability the division of the American pro- 
duction between antimonial and desilverized is not quite accurate, though the error is not important. 


The decrease of 10,025 short tons in the production of desilverized lead during 
1901 was the first retrograde movement in the progress of the branch of the 
metal industry since 1895 and may be attributed to. the overproduction in 
1900, a year in which the stock carried over was very large, compared with the 
stocks in previous years. The decrease in the production of desilverized lead, 
however, was practically offset by the increase in the production of soft lead, 
which was 9,975 short tons and, including the increase in the production of anti- 
monial or hard lead (a minor proportion of which is of foreign origin) gives a 
total production of desilverized lead and soft lead from domestic sources and 
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antimonial lead mainly from domestic sources amounting to 279,922 short tons 
in 1901, as compared with 279,107 short tons for the same products in 1900. 
Aggregates which are practically identical. 

Colorado.—The production of lead in Colorado during 1901 was 74,056 short 
tons, valued at $6,419,131, against 82,137 short tons, valued at $7,770,196 in 
1900. The production by principal counties for the two years, as reported by 
the Hon. Harry A. Lee, is given in the subjoined table:— : 


1901. 1900. 1901. 


Short 
Tons. 


$236,229 | 1,945 | $168,601 3,726 |$1,289,492 | 16,375 | $1,419,364 
443,535 | 3,795 | 328,893 831,495 | 7,736 | 670,607 
2,960,964 | 28.180 | 2,442,629 ‘9 843,914 | 6.813 | 600,515 
707,227 | 5,260 | 455,932 
448,340 | 3,952 | 342596 82,137 |$7,770,196 | 74,056 | $6,419,131 


Short 


Mans? Value. 


Value. Value. 


The quantity of ore mined in the Leadville district during 1901 amounted to 
about 850,000 long tons, valued at approximately $10,000,000, of which 35,000 
tons were zinc ores, 70,000 tons manganese-iron ores, and the remainder lead and 
copper smelting ores. The quantity of sulphide ores produced could easily be 
increased to 1,000 tons per. day could the smelters handle it. The sulphide 
bodies on the silver-lead belt have been opened principally through the A. M. W. 
Small Hope and Greenback combinations, while on the gold belt the Resurrec- 
t'on and New Monarch are the principal miners. The Diamond, Sedalia, Forest 
City and Fortune are also sinking to open the same shoot. 

The zine situation is very bright, it having been clearly proved that zinciferous 
ores can be profitably handled and the new smelter at Pueblo will give a market 
for, 600 tons a day. The extension of the railroads to all important mines; the 
diminishing of the water in the downtown mines; the extension of the mineral- 
. zed area; the forming of combinations to develop territory now lying idle; and 
the increased investment of Eastern capital, all contribute to the promising out- 
look for 1902. 

With regard to the lead smelting situation, early in 1901 smelting charges were 
reduced on tailings and all ores containing a low percentage in arsenic and zine, 
in Gilpin County, Colo. The cut in prices was initiated by the Kansas City 
Works, and effected a reduction from $3°50 to $2 per ton on tailings and ores 
on a 10% silica basis. In July, 1901, the smelting plants in operation in the 
Leadville district, Lake County, Colo., were the Arkansas Valley plant, handling 
1,000 tons per day, and the Boston Copper Smelting Co. The remainder of the 
local output was smelted in Pueblo and Denver. Later in the year arrangements 
were being made for an increase in the roasting capacity of the Arkansas Valley 
plant to enable it to handle 3,000 tons more per month of the low-grade sulphide 
ores. At Salida, 60 miles from Leadville, the erection of the Ohio & Colorado 
Smelting Co.’s independent plant was begun. The plant will have a capacity of 
1,200 tons of ore per day, of which 300 tons will be supplied by the New Monarch 
Gold Mining Co., owned by the same interests, and the balance will be secured 
by purchase from other Leadville mines. . 
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Idaho.—The production of lead in the Coeur d@’Aléne district in 1901 was 
68,953 short tons, as compared with 81,535 tons in 1900. The output of silver 
in 1901 was 3,349,533 oz., as compared with 4,755,877 02. in 1900. The statistics 
of silver and lead production in this State are based on direct returns from the 
mines, with an allowance of 6% for loss of lead in smelting and 2% for loss 
of silver. There are five important producers in the Ceur d’Aléne district who 
mechanica!ly concentrate the low-grade ore to a product averaging about 507% Pb 
and 30 oz. silver per ton. The chief producers during 1901 were: The Bunker 
Hill & Sullivan Mining & Concentrating Co., Coeur d’Aléne Development Co., 
Larson & Greenough, Empire State-Idaho Mining & Developing Co., Frisco Con- 
solidated Mining Co., Ltd., The Mammoth Mining Co., and the Standard & Hecla 
Mining Co. Considerable interest has been manifested in the Thunder Mountain 
district, which occupies about 600 square miles in the southeastern section of 
Idaho. The inaccessibility of the region, which can only be reached by trail, pre- 
cludes the rapid development of the district even though the mines justify it. A 
10-stamp mill began operations at the Dewey mine early in 1902 with promising 
results ; the ores are low-grade breccia, with occasional streaks carrying high values 
but no well defined lodes, hence it is probable that considerable litigation over apex 
rights will result. The main body of the gold-bearing material is a rhyolite por- 
phyry, breccia and tuff with fine gold disseminated throughout the mass; the thick- 
ness of the bed is estimated to vary from 60 to 600 ft. Specimen ore occurs as den- 
dritic incrustations, which is apparently the result of secondary enrichment from 
circulating mineral solutions. A small smelting plant is being constructed by the 
Boston & Seven Devils Co., at Weiser, to treat the ores from the Peacock, Helena 
and Decorah mines, but will not be in full operation until the completion of the 
branch line of the Oregon Railroad & Navigation Co., from Weiser to the mines. 
The White Knob Copper Co. is erecting a smelting plant at Mackay, Custer 
County, which comprises two 300-ton blast furnaces. A 12-mile electric railway 
connects the smelter with the mines. . The ores, so far as the mine development 
has been extended, consist of carbonates and oxides and are stated to contain an 
average of 4% Cu and $3 gold and silver per ton. 

Iowa.—(By 8. W. Beyer.)—The falling off in the demand for zine has not 
materially affected the demand for lead, and most of the energy and capital 
formerly occupied in the development of zine properties is now devoted to the 
opening of lead properties. - Prospecting has been vigorously prosecuted during 
the past year, and several rich mineral bodies have been discovered. The demand 
ruled firm and the price steady throughout the year and those employed in the 
production of lead ore were able to secure good returns for their labor and capital. 
Practically all the ore produced was galena, and all of it was sold to the local 
smelter, owned and operated by William G. Watters, of Dubuque. The ore 
smelted during the year amounted to 1,500,000 Ib., purchased at an average price 
of $23 per 1,000 Ib. and cleaning up an average of 72% lead. The production 
of lead in Iowa during 1901 amounted to 600,000 lb., valued at $13,800. The 
lead smelted by William G. Watters was contributed by the following States: 
Towa, 600,000 Ib. ($13,800) ; Illinois, 700,000 Ib. ($16,100) ; and Wisconsin, 
200,000 Ib. ($4,600). Total, 1,500,000 Ib., $24,500. 
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Missouri.—The mining district of southeastern Missouri embracing St. Fran- 
cois, Madison and Washington counties, experienced a prosperous year, and the 
output showed a substantial gain over previous records. Some valuable discoveries 
of new ore bodies within the limits of the productive area were made, and in one 
instance ore was found in outlying territory near Irondale. There was a large 
amount of improvement work done in extending the mining and milling facilities 
of the companies operating in the district, which placed them in position to 
increase their output during the coming year. The Federal Lead Co., now 
consolidated with the Guggenheim Exploration Co., erected a mill of 500 tons’ 
daily capacity and began the construction of a large smelter at Alton, IIL, 
where the smelting operations of the company will be carried out in the future. 
The St. Joe Co. increased the capacity of its mill by 40 per cent., and opened 
two new shafts, while the subsidiary Doe Run Co. also extended its operations. 
The National, Desloge and Central mines made important additions to their 
plants. It is probable that the new deposit found at Irondale will begin pro- 
ducing during the present year; the Irondale Lead Co. has completed one shaft 
on the property, and the mill and smelter will be ready for operations before the 
middle of 1902. The Catherine Lead Co. became a producer for the first. time 
last year. In the Joplin district the outnut of lead ore in 1901 was about 35,000 
short tons. The average monthly prices per 1,000 Ib. ore were as follows: Janu- 
ary, $23; February, $22°50; March, $23-12; April, $23; May, $2287; June, 
$23°25 ; July, $23°62; August, $23°50; September, $23°512; October, $23-06; No- 
vember, $23°25; December, $23°25. The galena concentrate from the ores of 
southeastern Missouri frequently contains copper, which is not removed by the 
process of refining ordinarily practiced in the local smelting works, and causes 
some of the lead to become “chemically hard.” At one works the crude lead con- 
tains about 02% Cu, which is subsequently reduced by refining to 0°02% Cu, the 
eliminated copper being gradually accumulated in a matte. An analysis of one 
carload of ore showed PbO 62°1%, Cu 0°61%, Fe 333%, CaO 585%, MgO 
308%, SiO, 1°39% and Ag 1:3 oz. per ton. The iron and copper exist in the ore 
as pyrite and chalcopyrite, and the lime, magnesia and silica represent the gangue 
of the ore. 

Montana.—In March, 1901, the lead smelting plant of the American Smelting 
& Refining Co., at Smelter, near Great Falls, was shut down for an indefinite 
period. In April, operations at the company’s plant at East Helena were sus- 
pended on account of labor troubles, but in June the work was resumed and 
continued throughout the year. The plant has been increased by the addition 
of a new furnace which, with the four already constructed, enables the company 
to smelt 850 tons of charge or 625 tons of ore per day. Three large bag houses 
have been built for the collection of flue-dust, also a large horizontal steel flue 
extending three-fourths of the way around the plant to conduct the fumes from 
the furnaces to the bag houses. 

Texas—The smelting plant of the American Smelting & Refining Co. at 
E] Paso was almost completely destroyed by fire in July, 1901. An enlarged 
modern plant has been constructed on the ruins of the old one, and new furnaces 
were blown in April 15, 1902. The plant is now comprised of seven 200-ton lead 
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furnaces and three 250-ton copper furnaces, each set having its independent 
flue system and stack. The furnaces are charged mechanically by 6-ton cars 
operated by means of a street railroad motor and controller with third-rail 
system. The cars collect the charge at the ore beds, limerock and coke storage, 
and are run on to 15-ton hydraulic elevators. They are then elevated 38 ft. 
to the top of the furnaces, traveling over them to the charging doors, through 
which the loads are dumped directly into the furnaces. By this system two 
men handle about 1,000 tons per day. A similar system is used for charging 
the copper furnaces. The power plant is in duplicate, and consists of seven 
boilers, of a total of 1,250 H.P. and four blowers of a capacity of 30,000 cu. ft. 
of air per minute; the latter are direct connected to three tandem compound 
condensing Corliss engines. No belts are used in this plant except for driving 
a small blower of 10,000 cu. ft. capacity, which acts as a regulator. The central 
electric plant in the power house consists of two direct-connected, direct- 
current generators, mounted on the shafts of two cross-compound condensing 
Nordberg Corliss engines. The current from these generators is transmitted 
throughout the plant, operating sampling works, briquetting machinery, pumps, 
hoists, motor, cars, etc., displacing all of the small steam engines and steam 
pumps used in the old plant. The power plant is provided with two systems for 
condensing, one being a large Wheeler surface condenser, the other a Worthington 
central-elevated jet condenser, the idea being to use the surface condenser during 
a short period of the year when the water is so bad that it cannot be used in the 
boilers. During the balance of the year the jet condenser is in service and the 
surface condenser can be cleaned. The condensed steam from the surface con- 
denser, with the necessary additional water goes back directly to the boilers when 
the surface condenser is in use. The power house is absolutely fireproof through- 
out, being of steel and brick with iron and cement floors and is provided with a 
traveling crane. The main conductors from the generators pass out through a 
tunnel into a brick and steel lightning arrester house, from which point the 
various distributing lines go to different parts of the plant. An interesting 
feature of the new work is the substitution of crude oil from Beaumont as fuel 
for the generation of power and for the roasting of ores in place of wood, coal 
or coke. 

Utah.—The importance of Salt Lake City as a smelting center has been in- 
creased greatly, and by the end of 1902 there will be four comparatively new 
works in operation. These are the 500-ton Highland Boy smelter, the 400-ton 
Bingham plant, the new 1,000-ton (estimated) plant of the American Smelting 
& Refining Co., and the 850-ton plant of the United States Mining Co. Tha 
two latter will probably be in operation late in the year. Of the older plants 
which were taken over by the American Smelting & Refining Co., the Germania 
is the only one which continues in operation; the Mingo is dismantled and the 
Hanauer completely demolished. The new plant of the American Smelting & 
Refining Co., at Murray, Utah, is under construction and will doubtless be in 
operation before the end of 1902. The new works are situated close to the old 
Germania plant, and, while thoroughly modern, there has been no radical de- 
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parture in methods, the novelties being in details rather than in the general 
scheme. 

The roasting department comprises a crushing mill and 2 furnace houses, one 
equipped with Brueckner furnaces and the other with hand-raked reverberatories. 
The ore is trammed over the roasting furnaces and charged through hoppers. 
The fire-boxes are arranged with step-grates and closed ash-pits, being fed 
through hoppers at the end of the furnace. The roasted ore is dropped into cars, 
which run on a sunken tramway passing under the furnaces and is carried to an 
incline up which the cars are drawn and afterward dumped into brick bins. From 
the latter it is spouted into standard gauge railway cars and taken to the smelting 
department. The roasted ore from the Brueckner furnaces is handled in a similar 
manner. 

The blast furnace department comprises 8 furnaces, each 48X160 in. at 
the tuyeres, having 10 tuyeres per side, a tuyere passing through the middle of 
each cast-iron jacket 16 in. wide, and 6 ft. long, which is rather extraordinary. 
The furnaces are arranged for mechanical charging. The furnace house is con- 
structed entirely of steel and the matte is tapped from the settling boxes and 
runs into pots on the ground level. The slag overflowing into single-bow]l, 
Nesmith pots, handled by small locomotives. The foul slag is returned by a con- 
tinuous pan-conveyor to a brick-lined cylindrical steel tank behind the furnace 
house, whence it is drawn off through chutes as required for recharging, 

The charges are made up on the ground level, immediately behind the furnace 
house... The ore and fluxes are brought in on trestles, whence the ore is unloaded 
into the beds and the fluxes into elevated bins. These are all in the open, there 
being only two small sheds where the charges are made up and dumped into 
the cars which go to the furnaces. There are two inclines to the latter. At the 
top of the inclines the cars are landed on a transferring carriage by which they 
can be moved to any furnace of the series. 

The dust flue extending behind the furnace house is arranged to discharge into 
cars On a tramway in a cut below the ground level. This flue, which is of brick, 
connects with the main flues leading to the chimney. The main flues are built 
of concrete, laid on a steel frame in the usual manner and are very large. For 
a certain distance they are installed in triplicate; then they make a turn ap- 
proximately at right angles and two flues continue to the chimney. At the 
proper points there are huge dampers of steel plate, pivoted vertically, for the 
purpose of cutting out such section of flue as it may be desired to clean. Each 
flue has openings, ordinarily closed by steel doors, which give access to the interior. 
The flues are simple tunnels, without drift-walls or any other interruption than 
the arched passages which extend transversely through them at certain places. 
The chimney is of brick, circular in section, 20 ft. in diameter and 225 ft. high. 

The boiler house is equipped with 8 internally fired corrugated fire-box boilers, 
arranged in two rows, face to face. Between the rows is an overhead coal bin, 
from which the coal is drawn directly to the hoppers of the American stokers, 
with which the boilers are provided. Adjoining the boiler house is the engine 
house, containing two cross-compound, horizontal Allis-Chalmers (Dickson) blow- 
ing engines for the blast furnaces, and two direct-connected electrical generating 
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sets for the development of the power required in various parts of the works. 
A traveling crane, built by the Whiting Foundry Equipment Co., spans the 
engine house. 

A noteworthy feature of the new plant is the concrete paving, laid on a bed 
of broken slag, which is used liberally about the ore yard and in other places! 
where tramming is to be done, including the floors of the roasting furnace houses. 
The whole plant is well laid out with service tramways and standard gauge spur 
tracks and the design has been obviously to save manual labor as much as possible. 

Philippine Islands——G. F. Becker has reported the partial development of a 
lead mine near the town of Cebu, on Cebti Island, and a deposit of ore at 
Torrijos, Marnidugue Island, showed a value of 96 g. silver, 6 g. gold, and 
565-5 kg. lead per metric ton. 


PRODUCTION OF LEAD IN FOREIGN COUNTRIES. 


Algeria—The Ain Kechera lead and silver mines are being developed, and 
the concessions asked for by the owners will probably be granted by the Govern- 
ment, as the official engineer has reported favorably. The ore from the mines 
will be shipped from Callo. 

Australia.—The Broken Hill Proprietary Co., during the six months ending 
May 31, 1901, treated 133,862 tons of ore and concentrates for a yield of 26,361 
tons lead, 302 tons antimonial lead, 3,240,756 oz. silver, and 1,342 oz. gold. The 
average results per ton were 19°69% lead, 24°21 oz. silver, and 0°01 oz. gold. 
As regards output, the operations were very successsful, but there was a shrinkage 
in profit owing to the lower prices ruling in the market for lead and to the 
increased costs of smelting. Work was begun in January to connect the 
smelting works with certain iron ore leases in South Australia from which 
the company intends to derive its supply of flux; the cost of the iron ore con- 
sumed in the furnaces has heretofore been an important item in the treatment 
charges. Extensive development work was carried out in the mine, particularly 
in lowering the main shafts and opening levels, which added materially to the 
ore reserves. Experiments with magnetic concentrators were continued; one 
machine was installed which gave good results, but it is not intended to erect a 
plant until exhaustive trials have been made. The coke ovens at Bellambi were 
put-in operation and the first trials were very satisfactory. During the semester 
ending November 30, 1901, the gross profit was £669,316, and the net profit, 
after deducting general expenses and depreciation, was £43,319. The dividends 
paid were £48,000, showing a deficit of £4,681. The surplus brought forward 
was £548,076; leaving a balance of £543,395 to the current half-year. 

The total extraction of ore for the half-year was: From open-cut, 63,533 tons; 
from underground, 242,095; total, 305,628 tons. 

The chloridizing and leaching plants were kept running for 4°5 months only, 


‘when they were closed down, as the ore immediately available from the open-cuts 


was not of a suitable nature for this process. The two concentrating plants con- 
tinued to do good work. The slimes from the mill, which are difficult to deal 
with at the smelting works, are now being sintered at Broken Hill. 

Smelting operations at Port Pirie continued without interruption. The ton- 
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age of ore, concentrates, etc., smelted amounted to 105,255 tons, with an average 
The refinery treated 18,984 


yield of: Lead, 186%; silver, 17°92 oz. per ton. 
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tons of silver-lead bullion, producing: Silver (fine), 2,296,755 oz.; gold, 7,531 oz. ; 


soft lead, 18,225 tons; antimonial lead, 258 tons. 
In addition to the ore smelted at Port Pirie, a quantity of concentrates was sold 
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LEAD PRODUCTION OF THE WORLD. (a) (IN METRIC TONS.) 


Year Austria. | Belgium. } Canada. | Chile. | France. |Germany.| Greece. |Hungary.| Italy 
17,222 10,977 594 8,232 113,792 15,180 1,911 20,786 
17,023 17,698 370 9,916 118,881 . 16,486 2,527 22,407 
19,380 14,477 13 10,920 182,742 19,193 2,305 24,543 
15,700 9,917 171 15,981 129,225 19,059 2,166 20,543 
16,365 33,190 14 15,210 121,513 16,395 2,081 23,763 


United Kingdom. 
New (b) ; 
Year. | Japan. | Mexico. | South | Russia. | Spain. | Sweden. United | Totals. 
Wales. 3 . | States. 
(c) Foreign |Domestic 
Ores. Ores. 
1896.... 1,958 63,000 30,000 262 167,016 1,530 25,889 81,311 158,479 676,662 
nck 7 Aca 1,737 71,637 2,000 450 189,216 1,480 13,312 26,988 179,369 721,167 
1898....} ~ 1,705 71,442 50,000 241 198,392 1,559 23,239 25,761 207,271 781,615 
1899"... 1,989 84,656 70,000 322 184,007 1,606 17,571 23,929 196,938 803,273 
1900.... 1,877 84,700 78,500 350 76,600 1,424 35,000 258,204 870,846 


(a) The statistics for Austria, Belgium, Canada, France, Germany, Hungary, Italy, Japan, Russia, Spain 
and Sweden are from the official reports of the respective governments except where otherwise noted. Those 
for Greece are based on the authorities given under the general table of mineral production of Greece in a sub- 
sequent part of this volume. Those for the United States are from data collected by THE MINERAL INDUSTRY. 
Those for the United Kingdom as specified in note b. 

(b) The production of lead in the United Kingdom is given in two columns. One gives the amount of lead 
derived from domestic ores, the yield of which is calculated at 95%, as reported in the official British blue books. 
The other column gives the production of lead in the United Kingdom from foreign ores smelted there. These 
figures, which are not reported in the official blue books, are obtained by deducting the production of British 
lead from the total output of the lead smelters of the United Kingdom as stated in the Statistische Zusammen- 
stellungen tiber Blei. Kupfer, Zink und Zinn of the Metallurgischegesellschaft, Frankfort-on-the-Main. 

(c) From the Statistische Zusammenstellungen of the Metallurgischegeseilschaft, Frankfort-on-the-Main. 
These figures comprise only the lead exported to Europe and America. The actual production of lead in New 
South Wales is much larger than shown here, especially in late years, during which there have been large ex- 
ports to China, but it is impossible to obtain statistics as to what it really amounts fo. (d) Estimated. 


PRODUCTION, IMPORTS, EXPORTS AND CONSUMPTION OF LEAD IN THE CHIEF COUN- 
TRIES OF THE WORLD. (IN METRIC TONS.) 


Aust’a- f United . 
Bel- ‘ Ger- : : t- ; United 
a gium. |ET@nce-| many. Italy. | Russia.) Spain. | porland ei States. 
(a) (b) (c) (d) (e) f) (9) (h) (i) (7) 
(Production .. sae aware feet 00: (k) 15,981 | 129,225 | 20,543 822 | 184,007 | Nil. 41,500 | 196,938 
Imports......ccesseee 9,071 | 60,649 | 67,149 | 55,635 3,990 | 36,303; Nil. 4,388 | 201,551 86,016 
1899- Totals: ..0..00..+ Braitctare 20,973 Agarose 83,130 184,860 | 24,583 86,625 | 184,007 4,388 | 243,051 | 282,954 
EXports ...ecsecsvess 258 | 41,618 8,909 | 24,491 2,497 | Nil. 169,007 204 | 24,083 67,846 
(Consumption........ : 20,715 |....00-. 79,22 160,369 22,036 36,625 15,000 é 4,184 218,968 215,108 
(Production.......... 12,681 | 16,365 | 15,210 } 121,513 23,763 230 | 176,600 | Nil. 35,500 | 253,204 
Imports........-.00.- 8,091 | 58,141 | 58,535 | 70,252 83257 | 203000 | N@l. |... eee 198,506 93,660 
1900+ Totals ..... Reta isterionetys 20,772 | 74,506 | 73,745 | 191,765 27,020 | 20,230 | 176,600 )...... ..| 234,006 | 846,864 
Hxports ......+0es0s- 393 | 46,566 4,749 | 18,825 5,018 | Nil. TBBIOSO sieve’ «are 13,393 90,980 
(Consumption ........ 20,379 27,940 | 68,996 | 172,940 | 22,002 20,230 | 22,661 }........| 220,613 | 255,884 


SnD Ta! 


(a) From Statistisches Jahrbuch des K. K. Ackerbau Ministerium and Magyar Statisztikai Evkonyv. 

(b) Production from Statistiques des Mines, Minieres, Carriéres, et Usines Métallurgiques. Imports and 
exports from Annuaire Statistique de la Belgique. 

(c) From Statistique de V Industrie Minérale. 

(d) Production, imports, and exports from Statistisches Jahrbuch fiir das Deutsche Reich. 

(e) From Rivista del Servizio Minerario, ; 

(f) From Sbornik S_atisticheskikh Svedenie o Gornozavodskoi Promyshlennostie Rossie v zavodskom Godu, 
St. Petersburg. 

(g) From the Reports of the Comision Hjecutiva de Estadistica Minera. Imports and exports from the 
Revista Minera de Espana. : 

(h) From British Statistical Abstracts and from figures furnished by the Direction Générale des Douanes 
Fédérales, Berne. Statistics not available for 1900. 

(i) Production from statistics of the Metallurgischegesellschaft, Frankfort-on-the-Main. Imports and ex- 
ports from Board of Trade returns. 

(j) The statistics of production are those collected by THE MINERAL InpustRY; those of amports and exports 
are from the reports of the Bureau of Statistics, Washington. 

(k) Not stated. 
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for export, bringing the output of finished products up to 29,944 tons lead and 
2,835,954 oz. silver. 

The Broken Hill Proprietary Block 10 Co. in the six months ending September 
30,1901, treated 81,852 tons crude ore, producing 13,676 tons concentrates, with 
a total content of 464,826 oz. silver and 8,816 tons lead. The net profit on the 
half-year’s operations compared with the preceding semester showed a marked 
decline. 

The declared net values of the exports during 1901 was as follows: Silver, 
silver-lead, and ores, £1,854,463 ; lead (pig, ete.), £100,501; zine (concentrates) , 
£4,057. The bulk of the output was contributed by the Broken Hill mines, and 
the fall in the prices of silver and lead during 1901 practically crippled the 
industry and caused the closing down of all but three of the principal mines. 

The Smelting Co., of Australia, with the plant at Dapto was reorganized early 
in 1902, and, while the properties have not yet been’ transferred, negotiations 
are in progress for ore supplies and for a reduction of railway rates. 

Canada.—The production of lead in Canada during 1901 was 25,378 short 
tons, as compared with 31,679 short tons in 1900. The decrease of output is at- 
tributable to low prices for the ores during the year and to difficulties encountered 
in marketing the ores profitably with the smelters in the United States. 

British Columbia.—(By W. M. Brewer.)—The silver-lead ores of British Colum- 
bia are confined apparently to the southeastern portion of the Province in the Slo- 
can, Trout Lake, Windermere, Kaslo, Lardeau and Fort Steele mining divisions. 
Besides these occurrences there have been reported discoveries of silver-lead ores 
near Cowicahn Lake and the Gordon river on Vancouver Island. The progress 
in mining in the silver-lead districts has not been satisfactory for the past two 
or three years, owing to labor troubles and the decline of the market in the United 
States for British Columbia ores. But since the Dominion Government has offered 
a bonus for refined lead, and the Canadian Smelting Co. at Trail has taken 
the matter up seriously and commenced the installment of a plant, it is expected 
that the industry will progress much more satisfactorily in the future than in 
the past. The Trout Lake and Slocan ores, as well as some of those in the 
Windermere district, generally carry quite high silver values in addition to the 
lead. Among the most important of the silver-lead mines are the St. Eugene 
and North Star mines in the Fort Steele mining division; these are considered 
among the most extensive bodies of concentrating ores on the North American 
continent. 'The dividends paid by the Payne Reco, Slocan Star, Last Chance, 
Ruth, North Star, Bo’sun, Goodenough, Rambler, Cariboo and other silver-lead 
mines in British Columbia demonstrate that this class of mining has been profit- 
able and satisfack’"y. The report of the reorganized Hall Mining & Smelting 
Co., British Columbia, for the fiscal year ending June 30, 1901, shows a capitaliza- 
tion of £325,000 in £1 shares, of which £275,000 had been paid in; also £24,560 
6% debentures. The net profit for mining and smelting amounted to but £1,011. 
The two furnaces treated 21,657 short tons of purchased lead ores during the year, 

Chile.—(By W. T. Mathewson.)—The Playa Blanca plant, owned by M. Gug- 
genheim’s Sons, of New York, was in operation during the greater part of the 
year. The smelting works consist of a blast furnace and cupellation department 
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of nine small furnaces. The ore was derived from the Pulacayo mine of the 
Huanchaca Co., of Bolivia, the base bullion being shipped to Perth Amboy, N. J. 
During the first months of its operation the plant was worked at a profit, but later 
owing to a decrease in the lead contents of the ore other sources of ore supply had 
to be sought. Lead slags were imported from Oruro, Bolivia, and concentrates 
from Australia and British Columbia. The importation of such ores, however, 
was found too expensive, and during a part of 1901 the silver ore was matted 
with the local copper ores, which contain about one-third of the copper in the 
form of atacamite. These ores prove undesirable for smelting on account of the 
volatile copper compounds which carried off large quantities of silver, as well as 
copper, in furnace gases. For this reason the company decided to close down the 
plant, which was done in December, 1901. Since that time the ore has been 
shipped to the company’s works in the United States. The output of the Playa 
Blanca smelting works during its operation by M. Guggenheim’s Sons was 7,800 
tons of copper matte assaying 50% copper and 390 oz. silver per ton. 

Germany.—The production of pig lead in Germany during 1901 amounted to 
123,098 metric tons, as compared with 121,513 metric tons in 1900; the produc- 
tion of litharge during 1901 was 4,101 metric tons, an increase of 1,013 over the 
production of 3,088 metric tons in 1900. 

Greece.—The lead mines of Greece were actively operated in the early part of 
1901, but later, due to the decline in the price of lead, many of the mines were 
forced to shut down. None of the Laurium companies has realized good profits, 
and the Laurium Lead Works Co. declared no dividend for the closing six months 
of the year. The smelters treated 340,000 tons of mixed ores and produced 
17,694 tons of pig lead which averaged 75 oz. silver per ton. English gas engines 
are being installed to operate the blast engines, which is calculated to reduce 
materially the fuel cost of smelting. 

Mexico.—The production of base bullion in Mexico during 1901 was 79,497 
metric tons, as compared with 74,944 metric tons in 1900. The principal sources 
of lead ore supply are the Sierra Mojada mines in Coahuila, the Santa Eulalia 
mines in Chihuahua, the Mapini mines in Durango, and those in the vicinity of 
Monterey, Nueva Leon. Since 1896, in addition to the consumption of lead ores 
by the smelters in Mexico, at least 150,000 tons of ore have been shipped annually 
to the El Paso, Texas, smelter. This large quantity of exported ore has been de- 
rived from the Sierra Mojada and the Santa Eulalia mines, mainly the former. 
The ores assay from 10 to 20% Pb and from 12 to 15 oz. silver per ton. The 
mines and the smelting plants in Mexico are well described by Joseph Struthers 
in the paper “Mining and Metallurgical Industries of Mexico,” published in the 
Engineering and Mining Journal, October 26, 1901. The visit of the American 
Institute of Mining Engineers during November, 1901, which extended through 
the more important mining regions of the Republic, will doubtless have a very 
beneficial effect on the future development of the mineral industries of the 
country. 

Spain.—The lead mines in the Linares district supply nearly 40% of the 
total production of Spain. The principal mines, with the depth of the deepest 
shaft, are as follows: the Spanish State mine, Arrayanes (350 m.), and those 
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operated by Taylor & Co. comprising Pozo Ancho (450 m.), Los Cumientos 
(440 m.), Los Salidos (450 m.), La Fortuna and Alamillos, La Tortilla, San 
Miguel (525 m.), and Matta Cabra (475 m.). The mining operations are carried 
on in a primitive manner, small wooden propped head gear and hand hoists being 
common. The ore is hand picked, the smaller sizes worked on jigs without previ- 
ous classification, the fines pass to fine jigs and ultimately to Cornish buddles, 
all operated by hand power. Mr. E. Mackay-Heriot estimates the cost of hand 
dressing 1 cu. yd. of ore at 4:94 pesetas. The wages for the miners when sink- 
ing shafts are 4 pesetas per day, and when driving levels 3°5 pesetas; surface 
men receive 2°5 pesetas, boys 1°25 pesetas, smiths and carpenters 4 pesetas, engine 
men 3-5 pesetas, and boiler men 2°5 pesetas per day. Coal (which is of poor 
quality) costs 34 pesetas per ton at Linares and 37@88 pesetas at the mines. A 
branch railway connects the mines of Taylor & Co. with the smelter, although the 
transport of ore from the other mines is by donkeys and mule carts. 


THe LEAD MARKETS IN 1901, 


New York.—The American Smelting & Refining Co., which controls nearly 
the entire output of desilverized lead in the United States, was the dominant 
factor in the market throughout the year. Under its direction prices were fixed at 
a uniform rate which was regarded as fair to both producer and consumer, and 
it was the object of the company to maintain this schedule independent of foreign 
markets. As the normal supply of lead from domestic sources is greatly in excess 
of the home consumption, the policy outlined by the company could not be carried 
through without recourse to the plan of exporting the surplus or limiting the 
output. In the early part of the year when the quotations on the European markets 
were nearly on a parity with New York prices the former expedient was adopted. 
The foreign demand soon fell off and brought prices down to a level much below 
the company’s schedule, so that exportation meant a loss. Arrangements were 
also made with the principal producers of lead ores to reduce their output, but 
not until royalties were promised them for the loss on contracts. Notwithstand- 
ing these expedients, the stocks held by the company had grown before the 
end of the year to large proportions and when the quotations on Kuropean 
markets fell to a point where importation to this country seemed likely, the 
policy was abandoned and the prices lowered. The producers of chemical and soft 
Missouri lead enjoyed a very prosperous year as the demand was good even at the 
high prices, 

AVERAGE MONTHLY PRICES OF LEAD IN NEW YORK. 


eee 
Jan. | Feb. | Mar. | Apr. | May. .| July.| Aug. ; : . | Dec. | Year 


Cts. s. : Ss. 4 S. Ss. Cts. | Cts. 
3°32 ? 3 ¢ : : : 83°70 | 8°58 
3°63 uy : “OF : 3°96 : By fa 3°76 | 3:78 
4°31 g g et ate ae . 3°70 | 4°64 | 4°47 
4°68 : “¢ : “2 “BE “RH | 4°58 | 4°35 | 4°87 
4°35 * BE "3 : Se *3t 2 4°35 | 4°15 | 4°33 


London.—The lead market opened in January at £16 5s. for soft foreign and 
about 2s. 6d. more for English. Trade was brisk at this figure, but later on in 
the month there was a considerable amount of free selling on American account, 


_— 
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which speedily brought values down to the neighborhood of £15. The fall was 
so rapid that consumers were frightened off the market. When February started 
a steady market for a few days induced a little better demand, but on the re- 
sumption of selling, prices again broke quickly, reaching £13 10s. before the close 
of the month. March commenced with spirited buying on the part of prominent 
dealers, while American and Continental selling ceased for the time, values con- 
sequently quickly recovering to £14 10s. As soon, however, as confidence was 
again established, there was’a renewed attack on the market by Continental 
holders, which drove values to £12 Los. ; but with a good demand from Russia and 
Germany they rose to £13 5s., which was about the closing price for soft foreign, 
English being worth about £13 7s. 6d. April again witnessed a slump caused by 
free arrivals, and £12 3s. 9d. was at one time accepted. This level attracted con- 
sumers and there was a recovery to £13 5s. for forward delivery, while spot stuff 
being plentiful, only fetched about 10s. discount below the price of distant metals. 
When a fair business had been put through, the Americans again became pressing 
with their sales, and ere the month was out prices fell to £12 5s., and this was 
the price at the beginning of May. American offerings were small, and this 
steadied the market to £12 10s., but on a resumption of cheap offers from that side, 
there was a set-back of £12 2s. 6d. June opened with a dull and neglected market ; 
prices moved fractionally round about the previous values, the month ending at 
£12 Ys. 6d. to £12 10s. for foreign and £12 10s. to £12 12s. 6d. for English lead. 
July commenced with a dull tone at about £12 8s. Buyers were not inclined 
to commit themselves to any extent, the consequence being that prices gradually 
drifted throughout the month, until £11 15s. was the ruling figure, and the month 
ended at about this price. August showed a little better demand at the beginning 
of the month, but this soon fell off, and values declined to £11 10s. They ulti- 
mately recovered fractionally to £11 18s. chiefly on speculative buying, and the 
importers held for full prices. September witnessed a further improvement, and 
it was apparent that consumers were very busy. Lead for prompt delivery was 
somewhat scarce, and the price of short deliveries at one time reached £12 12s. 6d. 
They fell off by about 2s. 6d. to 5s. before October, at the commencement of which 
month prices declined still further to £11 5s. This level induced a good inquiry 
and there was a rally to about £11 10s. to £11 Ies. 6d. November was a flat 
month, owing to heavy arrivals of European and Australian metal, which caused 
a decline to £11, the market practically closing at this figure. December began 
with a very poor demand, and with the large arrivals of metal and free selling 
from America and the Continent, values suffered, almost daily, until at one time 
£10 2s. 6d. was touched for soft foreign, English being quoted £10 5s. Toward 
the end of the month the lower range of prices attracted a good deal more attention 
from consumers, who bought rather freely. 
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Wuitr Leap, Rep Leap, LITHARGE AND ORANGE MINERAL. 


The aggregate production of lead pigments during 1901 was slightly greater 
than in 1900, the increase being distributed among all varieties except litharge, 
of which a slightly smaller output was reported. 

The production of red lead during 1901 was 13,103 short tons, valued at 
$1,448,550, as compared with 10,098 short tons, valued at $1,050,192, showing 
an increase of 3,005 tons and $398,358. 

The production of white lead during 1901 was 100,787 short tons, valued at 
$11,252,653, as compared with 96,408 short tons, valued at $9,910,742 in 1900, 
an increase of 4,379 short tons and $1,341,911. 

The production of litharge during 1901 amounted to 9,460 short hone valued 
at $979,586, as compared with 10,462 short tons, valued at $1,067,124, a de- 
crease of 1,002 short tons and $87,558. 

There were produced during 1901 1,087 short tons of litharge, valued at 
$224,667, as compared with 825 short tons, valued at $100,650 in 1900, showing 
an increase of 262 tons and $124,017. 

The detailed statistics of the production and imports of the various lead 
pigments are given in the subjoined tables :— 


UNITED STATES: PRODUCTION OF RED LEAD, WHITE LEAD, LITHARGE AND 
ORANGE MINERAL. 


——$_—— 


Red Lead. White Lead. Litharge. Orange Mineral. 


Short Tons.| Value. |Short Tons.| ‘Value. {Short Tons.| Value. {Short Tons.| Value. 


$744,709 105,804 $9, 522,360 8,591 $773,190 $76, 320 
7,460 710,192 

10,020 1,032,060 

910, 10,462 1,067,124 

ne elk "448, 550 100,787 11,252,653 9,460 979,586 224) 667 


| 


In addition to the products stated in the foregoing table, the United States 
Reduction & Refining Co., at Catton City, Colo., reported an output of 2,500 short 
tons of “zinc-lead,” valued at $150,000. This pigment is a mixture of oxidized 
compounds of zinc and lead made by an oxidizing smelting of lead and zinc ores 
in a blast furnace of special design. 


UNITED STATES: IMPORTS OF RED LEAD, WHITE LEAD, LITHARGE AND ORANGE 
MINERAL. 


Red Lead. White Lead. Litharge. Orange Mineral. 


Pounds. Value. Pounds. Value. Pounds. | Value. Pounds. Value. 


$46,992 1,101,829 | $48,988 $1,931 1,486,042 $67,549 
506,739 24,334 2:021 795,116 87,745 

584,409 30,211 ; 3,614 1,141,387 58,242 

456,872 28,366 | 2.852 1,068,793 61.885 

19,370 384,673 21,226 49/306 | 1,873 977,644 52,499 


The following table shows that the difference in price between white lead in oil 
and pig lead in New York in 1901 was $1°36, as compared with a difference of 
$102 in 1900. Against this must be set the difference in the price of linseed 
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ANNUAL AVERAGE PRICE AT NEW YORK OF CORRODING PIG LEAD AND WHITE 
LEAD IN OIL. 


Corroding | White Lead Corroding | White Lead | 7; 
Year. Pig Lead. ie Oil: Difference. Year. Pig Lead. in Oil. Difference. 
Per 100 Lb. | Per _ ae Per Lb. Per 100 Lb. | Per na ie Per ee rea 
USOR frosicwiciees $405 $6° $2° 1a Aor Ane Ge $3" 64 $5" $1°2 
1898... cece. 3°7 6° 03 2:30 1808; Seieciseia's's « 7 3-0 16 29 
1894... ..-.00., 3°28 5°26 1:98 1899... ccceeee 4°53 5°35 *82 
1895... 0. s6e0s 3°28 5°05 1°77 TODOS. SSecccs oe 4°55 5°57 1°02 
TGC sere aiaicloieie 3°08 4-90 1°87 TOOTS. Sarecrerei sien 4°51 5°87 1°36 


oil, which varied from 50c.@82c. per gal. in 1901, and from 50c.@67e. per gal. 
in 1900. The price of linseed oil at the beginning of 1900 was 56c. per gal.; 
it sold as low as 50c. in September, and reached the highest point of the year, 
6%c., in July. Beginning with 56c. in January of 1901, the price advanced until 
it reached 82c. in July, and then declined until 50c. was reached in September, 
closing the year at 55c. The market price for pig lead in New York opened at 
4°525c. and closed at 4°125c. The former price was maintained until December 
17, when it dropped to 4°125c., and continued at this quotation for the remainder 
of the year. 


PRoGRESS IN THE MANUFACTURE OF WHITE Leap DURING 1901. 


By PARKER C. MCILHINEY. 


TE white lead industry in this country has not undergone any serious changes 
during the past year. The old Dutch process continues to produce the bulk of the 
product. It is estimated that about 92% of the white lead produced was made 
by the Dutch process, the other 8% being made by various quick processes. Of 
these the Carter process is still the most important. 

Dahl’s process, which is operated by W. J. Matheson & Co., of New York, was 
by a misprint in the last issue of THe MinerAL InpustRY, represented as re- 
sembling the Carter process, while, as a matter of fact, the process consists in 
treating metallic lead with acetic acid and air in such a way as to produce a 
solution of basic acetate of lead, which solution is then treated with carbonic 
acid in a separate operation, thereby precipitating the basic carbonate. The car- 
bonic acid used is made by washing the flue gases from the boiler. The details 
of the operation are kept secret. The production of white lead by this process 
during 1901 was about 3,000 tons. The makers claim that during the past year 
the process has been improved so as to produce a denser lead, the specific gravity 
of the present product being about 6°3. The white lead now produced requires 
from 11 to 11°25% of oil in grinding, whereas the product formerly made re- 
quired 14%, and was harder for the user to break up in oil. 

The Bailey process has been taken up by the Union Lead & Oil Co., which com- 
pleted a plant in Brooklyn, N. Y., early in 1902. The plant is designed to pro- 
duce 12,000 tons annually. It is claimed by the company that the white lead 
made by the Bailey process is. identical with the best Dutch lead, as it is pro- 
duced by a process which is substantially the same as the Dutch except that on 
account of the subdivision of the lead and consequent exposure of large surfaces 
for corrosion, the time required for the corrosion is only three days, as compared 
with three months in the Dutch process. The specific gravity of the product is 
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given as 6°49. The company claims to have perfected the mechanical arrange- 
ments of the process in such a manner as to do away to a great extent with manual 
labor. The lead is run directly from the pot in which it -is melted through a, 
nozzle perforated with fine holes on to trays carried by a conveyor. The conveyor 
transports the trays to a corroding chamber and fills it automatically, one layer 
of trays above another. When the chamber is full carbonic acid is turned on 
from a gas holder and 2°5% acetic acid is injected with steam. The carbonic acid 
gas is generated by burning oyster shells and the shell lime thereby produced 
iz stated to pay for the cost of manufacturing the gas. The carbonic acid is 
washed, first in a coke tower and then in a tower filled with iron sponge, both 
kept wet with water. The progress of the corrosion in the chamber is watched 
through suitable windows. The claim is made that the white lead docs not re- 
quire grinding at all but is simply stirred up in water and floated off. The 
Union Lead & Oil Co., in July, 1902, claimed to be producing white lead at the 
rate of 6,000 tons a year, the plant being in operation about one month. 

The developments in other processes during the past year do not appear to 
have passed the experimental stage. 
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Recent IMPROVEMENTS IN LEAD SMELTING. 
By H. O. HoFMAN. 
INTRODUCTORY. 


New Publications.—C. Schnabel’s Handbuch der Metalthiittenkunde, Vol. I.,* 
has appeared in a revised and enlarged edition. The general character of the 
book has remained the same. The chapter on lead has been enlarged from 184 
to 216 pages; little, if anything, has been cut out; the additions are taken from 
publications which have appeared since the first edition of 1894. 

C. and J. J. Beringer’s “Text-Book of Assaying’? has appeared in its seventh 
edition. The favor with which this manual has been received can be judged from 
the fact that the first edition appeared in 1890. 

Lead-Amalgams.—H. Fay and E. North, 2nd.,* have investigated the nature 
of lead amalgams. They find that there exists an amalgam, Pb,Hg, which is 
soluble in and is isomorphous with lead; it therefore lowers the freezing tempera- 
ture of lead when successively added to it. The compound is insoluble in mer- 
cury and therefore does not lower the freezing point of mercury when added 
to it. The behavior is represented in the reference by a fusibility curve, which 
shows that the diminished freezing points of lead all fall along a straight line, 
while the melting point of pure mercury remains unchanged. 

New Lead Mineral.—W. H. Twelvetreest describes a new mineral—Petter- 
dite—an oxychloride of lead which was found in the upper workings of the 
Britannia mine, Zeehan, Tasmania. ‘The analysis shows: PbO, 74-04% ; 
As,0;, 2°6% ; P,0,, 21%; Sb,0,, 05%; Cl, 20%. 

Sampling Ores.—F. W. Braun & Co.,° Los Angeles, Cal., has put in the market 
the Calkins gyrating laboratory pulverizer. It consists of an iron mortar with 
pestle operated by turning a handle supported by an arch over the mortar. The 
width of the apparatus is 16 in., the height, 13 in., the diameter of the ball of 
the pestle, 5 in.; the net weight is 61 lb., and the weight packed for shipment, 
86 lb. It is claimed that with average hard ore, 75% of it will pass through a 
60-mesh sieve after one minute’s grinding. 

The same firm® has placed on the market a small laboratory hand-crusher, 
called “Simplex.” The machine may be adjusted to produce from 2-in. to 
10-mesh material. The capacity is claimed to be large. 

The “Calkins Umpire Ore Sampler”? is a continuous sampling machine con- 
sisting of two buckets, one above the other, revolving in opposite directions. 
Each bucket has a central cone from which four radial partitions extend to the 
sides, thus giving four sectoral divisions, of which two are closed and two open 
at the bottom. Of 16 lb. of ore fed into the machine, 8 lb. remains in the upper 
bucket, 4 Ib. goes into the lower bucket and 4 Ib. passes as the sample into the 
receiver below. The machine is 3 ft. 7 in. high and weighs 55 Ib.; it is easily 
cleaned. The claims made for it are too great, since its use must be limited, 


1 Published by Springer, Berlin, 1900. 4 Engineering and Mining Journal, July 20, 1901. 


2 London, Charles Griffin & Co.; Philadelphia, 5 Mines and Minerals, June, 1901, p. 526. 
J.B Lippincott Co. 6 Mining and Scientific Press, Dec. 7, 1901. 


3 American Chemical Journal, 1901, p. 216. 7 Engineering and Mining Journal, April 27, 1901. 
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as is the case with all continuous sampling machines. An improved form has 
recently been patented by A. C. Calkins.® 

Ihe editor of the Mining Reporter? is publishing a series of articles on sampling 
of ores which, it is stated, are compiled from the notes of a mining and mechan- 
ical engineer. The articles are excellent and will be reviewed in detail when 
finished. It is hoped that a reprint in pamphlet form will appear, that this valu- 
able contribution to the important subject may be readily accessible to all men 
who have to deal with ores. 

G. A. Overstrom patented’ an intermittent mechanical sampler, the details 
of which are not given with sufficient clearness, either in text or sketch to make 
them quite intelligible. Other patents are those of G. D. Potter,!! H. E. T. 
Haultain,!? and J. Scobey.'* 

The “Coronet Rolls” of F. W. Braun & Co., Los Angeles, Cal.,!4 are 2°5 in. 
in diameter and 1:25 in. wide, made of hardened steel and run in phosphor- 
bronze boxes. Both rolls are operated by one crank; a feed-plate at the front 
facilitates the insertion of a small button and a second plate at the back, closely 
wiping the bottom roll, prevents the cornet from dropping on the floor. The 
net weight of the machine is 75 lb. and the weight, when boxed for shipping, 
85 lb. 

Assay Furnace-—D. Laird patented’® a crucible assay furnace in which the 
air necessary for combustion is superheated by the waste gases of the furnace. 

Assay-Balance.—W. Ainsworth & Co., Denver, Colo.,'® has placed on the mar- 
ket a button-balance with 4-in. beam which is said to be well adapted for quick 
and accurate work. 

Assay of Lead Ores.—-R. W. Lodge" criticises the statement made by the editor 
of the Engineering and Mining Journal (December 22, 1900, p. 734) that iron 
sulphide, formed in assaying sulphurous ores, is oxidized and fluxed. He shows, 
as seen below, that the amount of matte which will separate out is governed by 
the amount of alkali added to the charge; in fact, that with a sufficient 
amount of alkali the whole of the matte will be held in solution or suspension. 
In the assay all the sulphur, however, does not combine with the iron and alkali, 
part of it is oxidized and passes off into the air. 

The subjoined assays A and B prove the preceding statements :— 


(2) 2h BRS ota eaticae ES ec od A 


Crucible, nails, flux, before fusion....... 


Base clas: OG 4 4 Crucible, nails, flux, after fusion........ 


20 g. 


{ Before fusion : 63 g. 
** | After fusion ; 49 g. 


14 g. 


8 United States Patent No. 682,528, Sept. 10, 1901. 

® Mining Reporter, *‘ Notes on Sampling,” Oct. 24, Nov. 28, Dec. 5, 12, 19, 26, 1901; and Jan. 16, 23, Feb. 6, 
1902. 

10 United States Patent No. 674,095, May 14, 1901. 14 Engineering and Mining Journal, April 6, i90i. 

11 United States Patent No. 679,574, July 30, 1901. 15 United States! Patent No. 671,558, April 9, 1901. 

12 United States Patent No. 680,526, Aug. 13, 1901. 18 Engineering and Mining Journal, Sept. 7, 1901. 

18 United States Patent No. 684,314, Oct. 8, 1901. 17 Tbid., March 16, 1901. 
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The slag from assay A contained 6°73% and from B, 763% sulphide sulphur. 
In assay A, 8% and in B, 14% sulphur was oxidized and passed off into the air. 

W. Lay!* gives some interesting results of experiments made to study some 
phases of the assay of lead ores in the dry way. Fusions in a muffle with a reduc- 
ing atmosphere and the following charge: ore, 10 g.; flux (sodium bicarbonate, 
16 parts; potassium carbonate, 16; borax, 8; flour, 5), 30 g.; salt cover and two 
nails; gave the subjoined results :— 


DURATION OF FUSION, FIFTEEN MINUTES. 


Antimony Lead in Ore. | Lead in Ore. Condition of Button Resulting 
in Ore. Wet Analysis. | Fire Assay. from Fire Assay. 
% 

0°63 54°2 53°6 No evidence of brittleness. 

0°90 5b? 54°7 Slightly brittle. 

1°35 pss 54°9 Buttons crack under the hammer. 
1°80 54°8 54°8 Buttons crack under the hammer. 
2°70 50°3 51:0 Buttons crack under the hammer. 
3°60 40°7 48°5 Buttons crack under the hammer. 


They show that antimony passes mainly into the lead button. Comparatively 
little lead is lost by volatilization. Analyses of slags of carefully conducted 
assays gave 0°62% Pb; the loss was also found to increase with the temperature, 
it being important to start at a low heat. 

The following table gives the relative losses in lead by slagging and by 
volatilization :-— 


Lead in Ore. Lead in Ore, | Difference between | [ead in Slag. | Weight of Slag | Units of Lead 
Wet Analysis. Fire Assay, | Wetand Fire Assays} wet Analysis. from Fire Assay.) Accounted for 
in Units of Lead. (Approximate. ) in Slag. 
% % % Grams. 

50°9 49°2 1°7 0°62 28 LS, 

52°2 50°7 15 0°53 28 1°5 

52°7 511 1°6 0°47 29 14 

62°6 61°0 16 0°53 28 1°5 


Mechanical losses occur by spirting, when the charge is fired too quickly. These 
are shown in the following table. 
Charges of ore and flux same as before :— 


Lead in Ore. Lead in Ore. Lead in Slag | Lead in Ore. Lead in Ore. Lead in Slag 
Time of Fusion, Time of Fusion, . by Time of Fusion, Time of Fusion, by 

75 Minutes. 30 Minutes. Wet Analysis. 7% Minutes. 30 Minutes. Wet Analysis. 
% % % % % % 

53°6 51°0 Average, 0°74 49°4 471 Average, 0°74 

54°5 52°9 Average, 0°74 61°2 59°3 Average, 0°74 

51°0 50°1 Average, 0°74 53°0 51°0 Average, 0°74 


P. R. Robert,?® while smelting coppery lead ores from the Standing Elk mine, 
Bunker Hill, Nev., assayed his ores and mattes as follows: He dissolved in nitric 
acid, precipitated with sulphuric acid, filtered and washed with acidulated water, 
dried with precipitate, removed filter and burned it, added it to the precipitate 
in a porcelain annealing cup, charged with five times its weight of potassium 
cyanide and fused. When cool, he placed the cup in water which dissolved the 
salts leaving behind the lead as a metallic button. 


a  —— 


18 Journal of the Canadian Mining Institute, 1901, p. 224; Canadian Mining Review, 1901, p. 125. 
19 Institution of Mining and Metallurgy, 1900-1901, Vol. IX., p. 270. 
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Stlver and Gold Assays——H. Nissenson2° compared the crucible and scorifica- 
tion methods of assaying in use at the main laboratory of the Stolberg and West- 
phalen Co. for determining the silver contents in Broken Hill concentrates. 
These contain Pb, 66 to 68% ; Zn, 6 to 8% ; Si0, etc., 10 to 12%; 8, 12 to 14%, 
and Ag, 23 to 26 oz. per ton. The crucible assay is carried out in wrought iron 
crucibles; 25 g. ore are mixed in a warm crucible with 20 g. flux (3 parts sodium 
carbonate ; 2, borax; 1, argols), covered with 60 g. of the same flux and melted 
in a crucible furnace. Slag and lead are poured separately, the lead button is 
weighed and then cupelled. In scorifying, 5 g. of ore are mixed with 10 g. of 
granulated lead and covered with 25 g. of lead; 2 g. of borax and about 2°5 g. 
of iron wire are added to the charge. The scorification assay always gave 3°8 oz. 
more silver per ton than the crucible assay. Upon examining the buttons from 
150 scorification- and 30 crucible-assays, the author found the scorification- 
assay buttons to contain 1:316% Pb, 0:556% Bi, and 0:276% Cu, a total of 
21487 impurities, and the crucible-assay buttons, 0°52% Pb and traces of Cu. 
The concentrates contain hardly a trace of bismuth but some was found to be 
present in the assay lead. The higher result of the scorification-assay is to be 
attributed to the impurities of the assay lead becoming concentrated in the 
silver button. In order to test these results, similar buttons were examined at 
the Mulden Works, Freiberg, Saxony, by A. Schertel,2* who found them to contain 
98°267 silver by the Gay-Lussac titration method and 98°68% silver by the 
gravimetric method. The filtrate of the second assay showed lead and bismuth 
to be present, but no copper was found. 

Truchot** advocates the following method for determining silver in chalco- 
pyrite: Roast the ore, dissolve in mixture of 150 c.c. of nitric acid (sp. gr. 1-42), 
50 cc. of hydrochloric acid (sp. gr. 1:18) and 100 cc. of sulphuric acid 
(sp. gr. 1:58) in a dish, evaporate to disappearance of sulphuric acid fumes, add 
water and sulphuric acid, dissolve, transfer to breaker, dilute to 1:5 liters, add so- 
lation of 4°5 g. of salt, allow to settle in the warm over night, filter, wash, dry 
and burn filter, scorify the ashes, ete. 

K. A. Smith** gives an extended review of the assaying of complex gold ores 
discussing the general principles involved and giving some detail instructions as 
to the treatment of nine different classes of ores. Basic oxidized ores are best 
treated by direct fusion in crucibles, special attention having to be given to the 
amount of reducing agent necessary, and to the addition of metallic iron for 
ores containing a small percentage of pyritic material. A charge for moderately 
basic ores (30% Fe,0,) is: ore, 50 g.; litharge, 40 g.; charcoal, 2°5 g.; borax, 
20 g.; soda, 30 g., salt cover. One for very basic ores: ore, 50 g.; litharge, 50 g.5 
charcoal, 4 to 6 g.; borax, 30 g.; soda, 10 to 15 g., sand or glass, 10 to 20 os 
salt cover. With ore containing small quantities of copper or antimony, the lith- 
arge should be increased to from 60 to 70 g. With ores containing lime, alumina: 
or zine oxide, a mixture of 40 g. borax and 20 g. soda with 50 g. ore usually gives 


eee 
20 Berg- und Huettenmaennische Zeitung, Vol. LIX., 1900, p. 572. 
21, Ibid., Vol. LX., 1901, 840. 
22 Engineering and Mining Journal, Nov. 30, 1901. 
28 Institution of Mining and Metallurgy, 1900-1901, Vol. LX., 815-852. 
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results; in the presence of barium sulphate or calcium phosphate an addition of 
from 10 to 20 g. fluorspar to the 50-g. ore charge may be necessary. 

With very rich ores, it is necessary to clean the slag by mixing it, roughly 
powdered, with litharge, 30 g.; charcoal, 1°5 g.; soda, 10 g. and remelting it. 
Pyritic ores (containing mainly pyrites) are best first roasted and then treated 
as basic ores. Any loss of gold in roasting is due to want of care in conducting 
the operation and not to the operation itself. Direct fusion with the addition of 
metallic iron is justifiable only when the ores do not contain over 30% pyritic 
material. A slag of 50 g. quartz fused with soda will hold in solution from 
10 to 12 g. iron sulphide. A good charge is: ore, 50 g.; red lead, 40 to 50 g.; 
charcoal, 2 g.; borax, 10 to 15 g.; soda, 40 to 50 g.; metallic iron. Oxidation 
with niter, which is more expeditious than roasting, ought to be applied only 
when the percentage of sulphurets is small. One g. iron pyrites requires 2 to 2-5 g. 
niter; 1 g. mispickel, copper pyrites, fahlore or blende, 1°5 to 2 g.; 1 g. anti- 
monide, 1°5 g.; and 1 g. galena, 0°66 g. Arsenical ores are best roasted and then 
assayed as basic ores. An addition of a small amount of potassium cyanide to 
the crucible charge aids in the decomposition of arsenates. Antimonial ores are 
generally oxidized with niter, as roasting is connected with difficulties owing to 
the ready fusibility and volatile nature of stibnite. A preliminary assay will have 
to give the reducing power of the ore from which the amount of niter necessary 
can be determined. 

Cupriferous ores when rich in copper (over 3070) are best assayed by the com- 
bined wet and dry methods, a suitable flux for the residue of 30 to 50 g. ore is: 
red lead, 30 g.; charcoal, 1°5 g; soda and borax up to 30 g. Direct fusion with 
ores under 30% Cu gives good results with the following charge: ore, 10 to 50 g.; 
red lead, 200 to 300 g.; charcoal, 1°5 to 3°5 g.; sand or glass, 10 to 25 g. For 
fusion after a preliminary roast, 10 to 50 g. ore are charged with red lead, 100 g. ; 
charcoal, 3°5 g.; soda, 20 to 30 g., and borax, 15 to 30 g. With rich ores the 
slags should be remelted with fluxes (see above). Auriferous antimonial copper 
ores give good results with: ore, 30 g.; red lead, 150 g. ; soda, 120 g.; niter, 18 g. 
Scorification with cupriferous ores is satisfactory, if the ores are rich enough 
in gold to allow the adoption of this method. 

Ores with galena are best treated by direct fusion with metallic iron. Ores 
with blende ought first to be roasted and then treated as basic oxidized ores with 
an increase of the proportions of borax and soda; in exceptional cases an addi- 
tion of fluorspar may be necessary.. 

Telluride ores ought always to be treated by direct fusion in the crucible 
using large amounts of litharge and ordinary fluxes. The following charge serves 
for most telluride ores: ore, 50 g.; red lead, 50 to 200 g. (according to the amount 
of tellurium present); charcoal, 1 to 2 g.; soda, 50 g.; borax, 20 g.; sand, 
10 to 30 g.; salt cover. For very rich ores the following charge should be used: 
ore, 10 g.; red lead, 10 to 150 g.; charcoal, 1 g.; soda, 50 g.; sand, 5 to 10 g.; 
salt cover. 

Bismuth ores are treated by direct fusion as basic ores, but in order to carry 
the bismuth into the slag it is necessary to have a readily fusible slag, hence com- 
paratively large amounts of borax and soda ought to be used. A piece of iron 
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is added to the charge to decompose any sulphide of bismuth, as bismuth-bearing 
ores ought not to be roasted on account of the volatility of bismuth. Scorifica- 
tion is unsatisfactory. 

For scorification the author recommends the following proportions :— 


For One Part of Ore. For One Part of Ore. 


Partsof Granu-| Parts of Character of Ore. PartsofGranu-| — Parts of 
lated Lead. | Borax Glass. lated Lead. Borax Glass. 


Character of Ore. 


Galena and lead minerals. 
TPO PYTILER. choc cs ose 
Siliceous 

Cupriferous 
Fahlore 


Assay of Gold-Silver-Platinum Alloys—R. Oehmichen24 recommends the 
following method for separating platinum, gold and silver collected in the button 
in cupelling: Boil the button with sulphuric acid until the cessation of bubbles 
of gas shows that most of the silver has been dissolved ; cool, decant the silver 
solution, boil.the residue twice for five minutes with nitric acid (sp. gr. 1°3), 
wash, dry, and weigh the gold-platinum residue. If the amount of platinum is 
smaller than that of gold, inquart and treat with nitric acid several times, when 
the residue will be insoluble gold (plus any iridium that may be present). If 
the amount of platinum is larger than that of gold (alloy with 50 to 100 mg. of 
gold), dissolve in nitro-hydrochloric acid (filter off any iridium), precipitate 
the gold with ferrous sulphate, filter, dry, ignite, cupel adding silver necessary 
for inquartation, part the silver-gold button and weigh the gold. The platinum 
is found by difference, but may be determined by precipitating with zine, filtering, 
cupelling the ashes with lead adding three times the weight of silver, dissolving 
the button.in sulphuric acid and weighing the insoluble residue—the platinum. 

Determmation of Arsenic, Antimony, Tin and Bismuth.—Liebschiitz?® advyo- 
cates the following method of determining arsenic, antimony, tin and bismuth 
in refined lead. Place 100 g. of flattened and cut-up sample in lipped beaker of 
1:3 liters capacity, cover with 220 c.c. boiling water, add 100 cc. nitric acid 
(sp. gr. 1:42) and 10 cc. iron nitrate (20 g. iron to the liter) ; when effer- 
vescence quiets down, complete solution in one hour by warming ; should any lead 
nitrate separate out, add water. Dilute the solution with water to one liter, add 
a few drops of a saturated salt solution, then neutralize, drop by drop, with 
caustic soda until a light red precipitate forms which darkens upon stirring. 
When the precipitate has settled, decant the almost clear solution into a large 
filter in a 5-in. or 6-in. funnel leaving the précipitate behind; fill the beaker with 
boiling water, stir and decant the clear solution, fill beaker again adding a few 
drops of caustic soda until the suspended light-red precipitate turns brick-red. 
In the meantime wash filter twice with hot water filling it completely and 
then decant solution through the filter. Add to the precipitate in the beaker 
a few c.c. of a 50-per cent. solution of tartaric acid and a few c.c. of hot dilute 
hydrochloric acid, place beaker under funnel and dissolve any precipitate on 
the filter with the same solvents, wash with hot water and moisten the filter 


44 Berg- und Huettenmaennische Zeitung, 1901, p. 187. 29 Engineering and Mining Journal, Aug. 10, 1901. 
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on and off with hydrochloric acid. Dilute solution to one liter and -precipitate 
with hydrogen sulphide; the separation of the lead is assisted by the addition 
of a little ammonium sulphide. Collect sulphides on a double filter, 15 cm. 
in diameter, washing until all iron salts have been separated. Remove the 
bulk of the sulphides with wash-bottle into a 250-c.c. beaker, dissolve what 
remains with 20 c.c. of ammonium sulphide into the same beaker and wash with 
hot water. Warm the beaker for half an hour, pass solution through the same 
filter and wash with water containing a little ammonium sulphide. Now pre- 
cipitate from the filtrate, arsenic, antimony and tin as sulphides by acidulating 
with hydrochloric acid. In the absence of tin, treat the washed sulphides with 
ammonium carbonate and titrate the dissolved arsenic with 0°01 iodine after 
neutralizing with acetic acid and adding starch to the faintly acid solution 
(1 ec. 0°01 iodine = 000023 arsenic). Dissolve the antimony sulphide in 
25 c.c. of hydrochloric acid at a low temperature and titrate with iodine in 
the presence of tartaric acid and sodium bicarbonate, using starch as an indi- 
cator. In the presence of tin, use Clark’s oxalic-acid method or the electro- 
lytic method. Place the lead and bismuth remaining on the first filter into a 
small dish, incinerate at a low temperature, moisten ashes with nitric acid, 
evaporate carefully and calcine; now add 5 c.c. of sulphuric acid, evaporate to 
white fumes, take up with water, filter and wash with dilute sulphuric acid. 
Add to the bismuth solution 12 in. of piano wire and 5 c.c. of hydrochloric 
acid and boil about one hour, when all the bismuth will have been precipitated 
as a black sponge or a black powder, if little was present. Detach the bismuth 
from the wire with a glass rod, decant the solution, cover the bismuth with 
hot water, remove the wire, decant wash-water, wash bismuth with alcohol bottle 
into a small porcelain crucible, remove excess of alcohol with a pipette and dry 
and weigh the metallic bismuth. 

Analysis of Slags—C. H. Joiiet?® publiaies an outline for the analysis of 
slags and cinders to which reference should be made for details. 

Purchasing of Ores.—The following schedule of the American Smelting 
& Refining Co.2? for the purchase of silver ore is quoted to show the manner 
in which the value of an ore is computed. Owing to the wide extent of 
territory covered by this company and the resultant variable factors of freight, 
fuel, labor, ete., no fixed ‘schedule is adhered to, the price paid by them 
for ores being usually arranged by private. contract. The miner who enters 
into a contract with the company is required to sell to it his entire product 
up to a maximum of 200 tons per month which the company agrees to buy, 
unless it is not able, without serious loss to itself, to buy a particular 
combination of ores, when the miner is given the privilege to dispose of 
his ores otherwise during the period of suspension. The company agrees to 
pay for silver 95% of the value at New York; for gold, $19 per oz., 
if the ore contains 0°05 oz. or more per ton; and for lead 90%, either 
at the price agreed upon by a majority of the Ceur d’Aléne miners, or at 
the actual average daily New York quotation of the previous week, less 12°5c. 


26 School of Mines Quarterly, Jan., 1901, p. 140. 27 Engineering and Mining Journal, May 11, 1901. 
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per cwt. Excess-iron is to be paid for at the rate of 15c. per unit, and no 
charge is to be made for excess-silica; zine goes free up to 10%; above that 
limit, 50c. is to be charged for each unit. From the gross value of the ore 
thus computed, $17 is to be deducted with ores, the net value of which docs 
not exceed $20 per ton; $18°50 for ores of net value between $20 and $35; and 
$20 for ores of net value of $35 and over. The net value is the difference be- 
tween gross value and charges. The charges are based on a railroad freight of 
$11 per ton on ores valued at $50 and over, and $10 on ores valued at less 
than $50 for full metal content. Any reduction or increase in freight rates is 
to be deducted from or added to the above graduated charges, as the case may be. 
If during the contract the price of lead becomes less than $3°50 per cwt., the 
treatment charge is to be reduced $1; if, on the other hand, the price of silver 
exceeds 65c¢. per oz., one-third of this excess value is to be deducted from the 
price of silver used in the settlement for the ore. 

Importation of Lead Ores.?°—The United States Board of General Appraisers 
has decided in relation to Mexican ores, carrying antimony and lead, that were 
treated at the Guggenheim Works at Perth Amboy, N. J., that the valuation 
of the ores in regard to free importation is to be based on the assays made in 
accordance with the Treasury regulations and not on the actual quantity of 
metal recovered by smelting and refining. The law requires that 90% of the 
metal in the ore treated in bond shall be exported. 

Lead in Arkansas—Branner® discusses briefly the history of lead smelting 
in Arkansas. The first lead smelter is said to have been erected on West Sugar 
Loaf Creek in 1851 or 1852. No mention is made of any lead ore being smelted 
in the State at present. 

Lead in Belgium.—A. Firket** reviews the present state of the metallurgy 
of argentiferous lead in Belgium. ‘There are in operation to-day four plants: 
Sclaigneaux, at Seilles; Bleyberg, at Montzen; Overpelt, at Overpelt and 
Hoboken-les-Anvers, at Antwerp. They produced in 1898, 58,390 metric tons 
of lead, 115,802 kg. of silver, and 233 kg. of gold. The materials treated in 
1898 consisted of 548 tons of Belgian ores, 18,261 tons of foreign ores, 35,274 
tons of lead-bearing residue from zinc-smelting furnaces, lead sulphate from 
chemical factories, metallic lead collected from the foundation flues of iron 
blast furnaces, and of 38,900 tons of imported argentiferous lead. 

Galena ores are mixed with lead sulphate and flue-dust, and are roasted, the 
heat being raised sufficiently to agglomerate the roasted ore. Lead ashes are 
mixed with 10% lime and bricked. The two form the ores for the blast fur- 
naces, which are small. The base bullion produced contains Cu, 0°2% ; Sb, 0°7% ; 
Ag, 46 to 58 oz. per ton: the matte, Pb, 10 to 12%; Ag, 9 to 12 oz. per ton; 
Zn, 43%; Cu, 19%; Sb, 1:07%; As, traces; S, 21%; Si, 4%; Fe, 48%; 
Ca, 1%: the slag, Pb, 1 to 15% ; Ag, 0°5 to 0°6 oz. per ton; Zn, 65% ; S, 2:2% ; 
Si, 37% ; Fe, 23%; Ca, 17%. The flue-dust contains PbSO,, 55 to 60%; ZnO 


SSS 


29 Engineering and Mining Journal, Dec. 14, 1901. 
80 Arkansas Geological Survey. Vol, V., Annual Report, 1892, ‘‘ Zinc and Lead.” Published 1901. 
51 Annales des Mines de Belgique, 1901, p. 28%. 
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and ZnSO,, 7 to 10%; Ag, 8 to 11 oz. per ton. The base bullion is Pattinson- 
ized, the rich lead with 300 oz. silver to the ton is cupelled. 

The plant of Sclaigneaua (Seilles) has 18 roasting furnaces, 16 blast fur- 
naces, two reverberatory smelting and four reverberatory melting furnaces, 22 
Pattinsonage kettles, two cupelling furnaces, one silver melting furnace and 12 
coking ovens. The following analyses give the general character of the ores 
treated :— 


Carbonate 
Galena Ores. Ores! 
% % % % fo % % % % 
55°63 61°00 73°00 W315 73°18 56°80 84°50 77°82 68°30 
0°5180 (5600 0°0300 0:0700 0:0460 0° 0420 0° 0250 0:0052} 0°0305 
15°04 10°50 7°29 1:00 5°00 5°82 0 3°60 0 
0°12 0°10 0°09. 0°17 0°16 0°02 0 0°02 Trace. 
3°05 8°20. 1°68 5°40 3°00 4 35 50 3°80 2°05 
0°84 Q 35 0°42 0°19 0:18 0°06 0 Trace 0°07 
Trace ) 0 0 0 Trace 0 0 
18°28 16:00 14°50 12°70 14°20 20°96 12°50 14:00 0°33 
3°18 6°10 2°00 5°10 3°60 6°70 1:00 1°20 9°70 
sy De aries | coe ee eae] De er | a eee eee ee ee Re aS ae ee ee 
Lead Ashes. 
BPO oeesoeuene 48:00 20:00 13°00 10°00 24°00 13°50 37°96 13°30 10#20 
Das erate otitis» 0°1600 0:0700 0°0500 0:0430 0°1250 0°0859 0°0612 0° 0252 0°0204 
VST CRONE EN SH 6:00 7-00 8°50 2°50 6°50 3°50 4°41 5°00 4:00 
(Ol agro ciouor an 0°25 0°27 0°22 0°15 0°25 0°19 0°98 0°30 0°25 
PO artic ssserechiracres 24°03 17°78 14°40 bret 23°80 16°52 13°26 26°90 48:00 
Slt carciuisesions 0°12 0°02 0°02 0°05 0°10 0:05 0°30 0°50 0°60 
5 ERE SE 0°08 0:08 0°08 0°03 0°01 0°01 0°08 Trace. Trace. 
Sais sears 2°18 3°39 2°33 2°20 2°04 2°20 1°34 2°50 2°00 
SOR ac panier 12°7 33°87 54°66 60°00 37°80 57°80 29°87 29°30 19°50 


The plant of Bleyberg (Montzen) has lost very much of its former impor- 
tance since mining has stopped in the Bleyberg. The character of ores and lead 
ashes treated is shown by the subjoined analyses :— 


Lead Ashes 


Galena Ores. from Bleyberg. Bought 
Ppa jooaseaneaep sess 62°80 69°50 70°52 72°88 13°16 24°25 82°40 
NG eh ares vialeigieieiniteiniers serie ser 0°0720 0°0061 00860 0°0010 0°0160 0°0316 0°0436 
WAT REE R RE RU CTOHETOS I OUL 8-00 3°75 8°11 4:00 5°00 8°87 4°01 
Plc ais wciatveisicresiere soisieaiessieis 2°31 3:00 1°10 6°00 20°68 42°75 34°10 
(OGM Binoetincuuduondioacocnc 0 0 0 0 0 0 Trace 
LOAC GRAS HRB adic metre 0 0 0 0°10 0 0:02 0°12 
See teicasrecinie esegacalinettes 16°26 15°00 15°15 16°00 1°34 2°26 1°58 
UNG aieretoleieloiaGeieieleisisi eves isis ris Trace. 0 0°01 0 0 0 0°01 
BD occcccevoons Cevcisieieie'e'e aise 0°10 0°04 0 0 0 0 0°15 
(OS GAP BALGE Sac cUBOpUnBOeS 0 1:00 1°40 0 3°50 2°66 0°84 
OU eecsguidemecutee nes 0 0 0 10 0 0°18 0715 0°36 
SIO G-Ci ccc cesccorscoesces 0 0 0 0 44°67 18°66 19°40 


Galena ores are roasted and partly agglomerated; in roasting lead ashes the 
heat is raised to complete fusion at the fire-bridge; both form part of the blast 
furnace charge. The blast furnace slag has the following composition : 
Fe, 40°83%; SiO,, 29°33%; CaO, 114%; MgO, 1:44%; Zn, 425%; 
S, 186%; Pb, 05%; Ag, 0°0008% ; As, traces. The base bullion averages: 
Ag, 0°11 to 0°18% (32 to 55 oz. per ton) ; Fe, 0°09% ; Sb, 0°997% ; As, 0-0012% ; 
Cu, 0:0922%. It is softened in a reverberatory furnace and desilverized bv 
means of the Parkes process with Roessler-Edelmann improvements, the zinc 
being charged with 0°5% of aluminum; the good effect of this addition is 
neutralized by the presence of 0°1% Cu or 0:05% As or 1% Sb. An analysis 
of liquated zinc-crust had the following composition: Pb, 86% ‘Ag, 17 to 
2°5% ; Zn, 10°5%; Cu, 0°66%%; As, 0°045% ; Sh, 0°4%; Fe and Cd, traces. 
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The silver produced at the works is ‘995 fine, the difference being made up 
by bismuth, lead, copper and nickel. The market lead. has the following com- 
position: Pb (by difference), 99°985% ; Fe, 0:01% ; Sb, 0°004% ; Ag, 0°001% ; 
Zn, trace. 

The plant of Hoboken-les-Anvers-is principally a refinery in which base bul- 
lion is desilverized by the Parkes process. The bullion forms 93 to 94% of 
the material treated, the other 6 to 7% being lead-bearing residues from zine 
smelting furnaces and zine works. The plant has two blast furnaces, 10 soften- 
ing furnaces, eight roasters, seven reverberatory smelting furnaces, 21 desilver- 
izing kettles (17 small and four 50-ton), nine liquation pots, four retorting 
furnaces, five cupelling furnaces, one silver refining furnace, and one furnace 
for roasting coppery drosses. : 

The base bullion received is classed under heads A and B. 


Au. 
Oz. per Ton, | Oz. per Ton. 
29 to 87 | Trace to 0°6 
29 to 145 0°6 to 2:0 


The following analyses show the character of the residues from zinc smelting 
furnaces and of the sweeps :— 


SiOg. | Al,Og. | Cao. Ag. Au. 


% % Eee % % % % % |Oz. per Ton Oz. pr. Ton 
Residues. 44 Traces.} 0:2 0°6 5°6 28°5 7 23 | 0°05 to 0°06] Traces. 
Sweeps...| 0°1 to1 | 0°9 to 2/0'1t00°3/0°5to1] 7 50 to 60) 5to7 |1tod 1to3 0°15 to 0:18 


Base bullion, A, is softened in a reverberatory furnace. The dross forms 
5% of the weight of the charge and is liquated in a- separate furnace, 
giving liquation dross with 10% copper which goes to the blast furnace; the 
softening skimmings average Pb, 50 to 65% ; Sb, 15 to 28%; As, 01 to 05%; 
Ag and Au, 29 to 87 oz. per ton. 

Base bullion, B, is treated in a liquating furnace giving a dross of the follow- 
ing composition: Pb, 67 to 70%; Cu, 14 to 16% ; Sb, 2 to 4%; As, 5 to 8%; 
Si0,, 4 to 6%, Al,O;, 0°8 to 12%; Fe, 0°5 to 2%; Ag, 58 to 116 oz. per ton; 
Au, 0°58 to 1:45 oz. per ton; it then goes into a softening furnace similar to 
one for bullion, A. 

The skimmings from base bullions A and B are mixed with coal and melted 
in a reverberatory smelting furnace giving purified skimmings (to be smelted 
in the blast furnace for hard lead with 20 to 30% Sb) and base bullion. Zine 
residues and sweeps are mixed with sand and limestone and then melted down 
on the hearth of a reverberatory roasting furnace before they go to the blast 
furnaces. The details of blast furnace work have little general interest. The 
following analyses show the compositions of the products: Slag—SiO,, 30% ; 
FeO, 35% ; CaO, 12%; Al,O,, 10%; Pb, 1% 3 Im;. 10%: Matte—Pb, 20 to 
25%; Cu, 25 to 30%; Fe, 30 to 35%; 8, 10 to 20%; Ag, 01 to 0°2%. 
Npeise—As, 15 to 25%; Cu, 25 to 30%; Fe, 30 to 40%; Pb, 10 to 15%; 
Sb, 5 to 10% ; Ag, 0-1 to 0°2%. Base bullion—Pb, 94 to 96% ; Cu, 0:2 to 2%; 
Sb, 1 to 2; As, 0°1 to 0°5; Ag, 87 to 145 oz. per ton. This is classed as B 
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when the dross obtained in liquating has been freed from adhering lead by a 
separate sweating operation. It contains about 307% Cu, is ground, roasted 
in a reverberatory furnace and treated with sulphuric acid; the resulting copper 
sulphate is crystallized and sold as blue vitriol. The antimony skimmings are 
treated as outlined above. The details of the Parkes process are similar to the 
work carried on elsewhere. The following analyses deserve to be recorded. 
Gold crust: Au, 0°02 to 0:025% ; Ag, 2 to 4%; Ph, 75 to 80% ; Zn, 10 to 15%. 
Gold retort-bullion: Au, 0°026 to 0°03%; Ag, 3 to 5%; Pb, 95 to 96%; 
Zn, 0°8 to 15%. Zine crust: Ag, 8 t6 10%; Pb, 65 to 15% ; Zn, 15 to 20%. 
Silver retort-bullion: Ag, 18 to 20%; Pb, 80 to 82%; Zn, 0°05 to 19%. Re- 
fined lead: Pb, 99°9903% ; Ag, 0°0004% ; Au, traces ; Sb, 0°0030% ; As, 0:0005% ; 
Zn, 0°003% ; Fe, 0:0008%; Si, traces; Cu, 0°0015% ; Ni and Co, 0°0005%. 
Oxides from steaming desilverized lead: PbO, 83 to 87%; ZnO, 12 to 16%. 

The plant at Overpelt treated in 1898, 1,000 tons imported lead ores, 11,600 
tons leady material, and 500 tons imported base bullion. The ores before going 
to the blast furnaces are slag-roasted. The roaster-bed has the following 
composition: Pb, 339%; Cu, 0°85%; Ni and Co, 0°35%; As, 21%; Ag 
and Au, 0:04%; FeO, 26°30% ; MnO, 1%; Zn, 66%; S, 1%; Al,0,, 418%; 
CaO, 68%; MgO, 03%; S8i0,, 16°54%. The ore-beds show: Pb, 22 
to 50%; Cu, 0 to 2%; Ni and Co, 0 to 1% ; As, traces to 2°5%; Ag and 
Au, 0:005 to 0°054%; Fe and Mn, 14 to 27%.; Zn, 3 to 18%; 8, 1 to 5%; 
Al,0,, 2°5 to 10%; CaO, 3 to 10% ; MgO, 0 to 2% ; Si0,, 12 to 33%. 

The following analyses of blast furnace products are of interest: Slag: 
Fe, 27°85%; MnO, 4°74%; PbO, 0°78%; ZnO, 632%; Cu,0, 023%; 
S, 2°70%; CaO, 13:90% ; MgO, 3°18%; Al,0;, 2°33% ; SiO,, 27'96%. Base 
bullion: Pb, 98°%8% ; Ag and Au, 0°14% ; Cu, 0°19% ; Sb, 0°72% ; As, 0°08% ; 
S, 0°08%; Fe, 0°04%. Matte:-Cu, 485%; Ni and Co, 0°7%; Fe, 57%; 
Pb, 8% ; Ag, 0°02% ; Zn, 6°5%.; S, 16°8% ; Sb, 1% ; As, 3%. Speise: Cu, 3%; 
Ni and Co, 51%; Fe, 55%; Pb, 19%; Ag, 0°017% ; Zn, 25%; 8, 3%; 
Sb, 59%; As, 23°6%. 

The market lead obtained by the Parkes process is of a high grade: Pb, 99°963 
to 99:987% ; Ag, 0 to 0°0005% ; Sb, 0°0087% ; As, traces to 0:003% ; Bi, 0-0047% , 
Zn, 0 to 0:0004% ; Fe, 0°0023% ; Cu, 0°0005% ; Ni and Co, 0 to 0:0003%. 

Lead in Greece.—Cordella,®? in a general paper on the Mineral Resources of 
Greece, reviews briefly the history of the smelting of lead slags and residues of 
the Ancients and gives a summary of the present state of the lead industry which 
has mainly a local interest. It may be stated that the ores treated are arsenical, 
giving a flue-dust with As, 35% ; Pb, 27% and Ag, 8'8 oz. per ton. The smelt- 
ing plant Laurion produces annually 2,000 tons of speise which is not worked up. 
It contains: Cu, 2% ; As, 27-26% ; Sb, 1:04% ; Fe, 57% ; Ph, 2°5% ; Mn, 0:22% ; 
In, 13% 3 8, B:75%.; Ni, 016%. 

Lead-Smelting at Bunker Hill, Nev.—P. R. Robert®* records some experi- 
ences in smelting in a blast furnace coppery lead ores from the Standing Elk 


32 Zeitschrift fuer das Berg-, Huetten- und Salinenwesen im Preussischen Staate, 1901, p. 365. 
38 Institution of Mining and Metallurgy, 1900-1901, Vol. IX., 262-266. 
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mine, Bunker Hill, Nev. The following partial analyses indicate their general * 
character :— 


Ag. 


Oz.per Ton. 
87-000 

The slag aimed for was SiO,, 34% ; FeO, 40% ; CaO, 14%; the one actually 
obtained gave: SiO,, 34:10%; FeO, 42°50%; CaO, 12°53%; MgO, 1:09%; 
Al,03, 2°7%; PbO, 216%; CuO, 2°13%; S, 050%; K,0,Na,0, loss, ete., 
2°297% ; Ag, 0°787 oz. per ton; the bullion running 132°57 and the matte (with 
Pb, 63-05% and Cu, 19°6%) 111-93 oz. Ag per ton. 

The water-jacket blast furnace was 36X72 in. at the tuyere-section, had four 
tuyeres to a side, the crucible was shallow, sloping from back to front, where 
there were two tap-holes, one for slag and the other for lead and matte. Lead 
and matte were collected in a slag pot with tap-hole at bottom and the lead 
tapped into moulds after the matte had solidified. The blast-pressure was 
1°75 in. mercury, the coke consumption, 1 ton to 6°68 tons charge. 

In a second run the bottom of the water-jacket was 9 in. below the tuyeres, 
at which level was also the slag-tap; the lead- and matte-tap was 3°5 in. below 
the slag-tap; the furnace-bottom at the back was 4 in., at the front, 18 in. 
below the tuyeres, thus leaving a bath of lead of 5:5 in. in the furnace. Twenty 
tons of ore equaling 25 tons of charge were smelted in 24 hours. One ton of 
Hood’s Cardiff (Wales) coke, which lost 5% in handling, carried 7 tons of 
charge, while Crested Butte (Colorado) coke, losing 14°6% in handling, could 
carry only 55 tons of charge. A sample of copper-lead matte remaining in 
the furnace after blowing down gave Cu, 35-41%; Ph, 46°55% ; S, 12°2%; 
Zn, 15%3%; FeO, 163% (=Fe 127%); Ag, 0:0253%; Mn, trace; total, 
97°3963%. 

Lead Smelting at Llano, Mexico.—A. Hauman* describes a very exceptional 
experience in smelting a siliceous oxide lead-copper ore at Llano, Sonora, 
Mexico. The composition of ores, fluxes and coke was as follows :— 


Lead-Copper Ores.} Iron Ores. Dolomite. Coke( Alabama). 


The blast furnace was 36 in. in diameter at the tuyeres, it had a bottom 
metal-tap and usual slag-tap, the blast was furnished by a No. 4 Root blower. 
About 40 tons charge were put through in 24 hours with a consumption of 
18% coke. The base bullion, which had a specific gravity of 6, showed the 
following composition: Cu, 55°5%; Pb, 40%; Sb, 18%; S and. Fe, traces: 
Au, 5°5 oz. and Ag, 78 oz. per ton. It was very difficult to sample and to refine. 


34 Mining and Scientific Press, July 6, 1901. 
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The slag analysis gave: Si0,, 41%; FeO, 21%; CaO, 20%; MgO, 86%; 
Al,O,, 0°7% ; PbO, 13%; CuO, 0°7%. Its specific gravity ranged from 3°2 
to 3°6. The cost of smelting was:— 


Labor:— Mexican currency. Mexican currency. 
Three feeders, Mexican, 8 hours, $1.......... $3°00 Coke, 17% of 40 tons, at $17 per ton............ $115°60 
Three assistant feeders, Mexican, 8hrs., 75c.. 2°25 Water (hauled)..........ccccsesesce eee re scence 25°00 
Three tappers, Mexican, 8 hours, $1.........- 3°00 Ore and flux to mine, break, and haul, at $2.... 80°00 
Six pot wheelers, Mexican, 8 hours, 75c...... 4.50 Wd (fOr POWETL)....ceceeeeeceeeeseeeeveeacers 3°50 
Two firemen, Mexican, 12 hours, $1.......... 2°00 
Four carmen, Mexican, 10 hours, 75c........, 3°00 Coa ash ray Se eRe Ne Feet on es RN Ne eae RoI aE HIE 65°85 
One blacksmith, Mexican, 10 hours....,....+.- 2°00 Add 10% for unforeseen delays, etC.........++9 26°60 
One night foreman, Mexican, 12 hours....... 2°50 
One day foreman, White, 12 hours........... 5:00 Not totale ssecuine coe cca scence sicrs ssielente $292°50 
One assayer, White..... olen eee e eens ecenoees 2.50 Net cost to mine and smelt a ton.......... 731 
One superintendent, White .......+..+s+e++- 12°00 Net cost to smelt a ton.......sscceereecrees 581 

Cost of labor, 24 hours.......seceesees $41°75 


Roasting of Ores.—In the United States Circuit Court, District of Colorado, 
Judge Hallett®* decided (August 1, 1901) that the Pearce and Ropp furnaces 
were infringements on the Brown furnace. 

Mechanical Reverberatory Roasting Furnaces.—R. F. Pearce** has patented 
a multiple-hearth mechanical reverberatory roasting furnace, similar in prin- 
ciple to his Turret-furnace. The main points of interest are the manner of 
supporting the main walls of the hearths (cantilevers and truss-rods, rising at 
an angle, connecting the anchor-plates with the central vertical column) and the 
fact that the roof of a lower hearth forms the base of the upper hearth. 

B. Hall patented®’ a mechanical reverberatory roasting furnace with station- 
ary hearth resembling in principle the Brown straight-line furnace in which 
the return passage of the rakes is on an over-head rail. The main differences 
appear to be the manner of supporting the roof and a liquid seal which is to 
make it impossible for gases and fumes from the furnace to enter the chamber 
in which run the trucks pulled by the wire rope, and for air to enter the furnace 
when it is not wanted. 

E. P. Parnell patented** a continuous mechanical reverberatory furnace with 
stationary hearth and traveling rakes. 

J. A. Bentley’s patent®® is similar in principle. 

J. Roger patented*® a mechanical feeder for roasting furnaces; a feed screw, 
tapering from the ore-receiving to the opposite end, is imbedded in the hearth 
parallel to its width; revolving, it empties an ore-hopper outside of the furnace, 
elevates the ore onto the hearth from below and at the same time spreads it. 

Muffle Roasting Furnaces.—C. J. Best patented a muffle roasting furnace** 
with inclined stationary hearth down which the ore is to glide and undergo the 
desired chemical changes. 

H. Carmichael patented*? a mechanical revolving muffle-roasting furnace, con- 
sisting of an inclined revolving larger cylinder to the lower end of which is 
attached a smaller one heated from a fire-place. The ore fed mechanically into 
the upper cylinder is to give up most of its sulphur, etc., there, when passing 
through the lower cylinder the sulphates, etc., are to be decomposed and travel- 


35 Engineering and Mining Journal, Sept. 7, 1901. 
36 United States Patent No. 671,071, April 2, 1901. 
37 United States Patent No. 677,510, July 2, 1901. 
38 United States Patent No. 685,344, Oct. 29, 1901. 


39 United States Patent No. 585,903, Nov. 5, 1901. 
40 United States Patent No. 677,701, July 2, 1901. 
41 United States Patent No. 674,594, May 21, 1901. [1901. 
42 United States Patent Nos. 676,417 and 676,418, June 18, 
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ing beyond the fire-place in the cylinder, the ore is to cool giving up its heat 
to the incoming air-current. 

A. P. O’Brien** patented some improved form of the well-known McDougal 
or Herreshoff furnace. 

Another improved form is that of 8. T. Wright.‘ 

J. P. Wetherill patented*® a muffle roasting furnace in which admission of air 
and withdrawal of sulphurous gases in different parts of the furnace can be 
regulated to suit conditions. 

A. 8. Partridge patented*® a muffle furnace. 

A peculiar roasting furnace was patented by G. D. Burton.4? 

J. B. Bridgewater patented** a door for ore roasting furnaces which slides 
up and down, being held in place by pins projecting from an iron casing. 

A combined roaster and smelter has been patented byes Kirk, 

Cooling Ores—J. Jacobs patented’ a car for cooling ores, containing pipes 
in which water or some other cooling medium is to circulate. 

The Blast Furnace-—J. W. Nesmith patented®* an improved form of his 
combined water- and air-jacket.®? 

A peculiar form of blast furnace has been patented by J. L. Wells.°? 

H. Kochinke** has published a very instructive paper on silver-lead blast 
furnaces. The leading facts have been brought together in the accompanying 
table. The furnaces are broadly of two types. The European continental fur- 
nace is circular, water-jacketed, has an internal crucible and a bottom- or 
siphon-tap; the American furnace is oblong, is water-jacketed, it also has the 
internal crucible, but always a siphon-tap. In circular furnaces the diameter 
at tuyeres has rarely exceeded 4:9 ft. At the Freiberg smelting works it was 
found that charges running low in lead could still be smelted in a furnace 
having a diameter of 6°6 ft.: at Braubach, Pertusola, Tarnowitz and Mazarron, 
with charges rich in lead, the diameter has been successfully increased to 7-9 ft. 
A circular furnace of 6°56 ft. in diameter represents an area of 33°82 sq. ft., an 
oblong furnace, 3°38X9-93 ft. has the same area. The circumference of the 
circular furnace is 20°7 ft., while that of the oblong furnace is 26-7 ft., the 
circumferences of the two furnaces of the same areas are as 3:4, which is, of 
course, in favor of the circular furnace, beside the many other advantages that 
it has over an oblong furnace. It should be remembered, however, that the 
European continental furnaces are usually charged with fritted or slag-roasted 
ore and large quantities of slag, while American furnaces are fed with much 
raw ore, often fine, and relatively little slag and lead flux. The experiment of 
running a circular blast furnace of large diameter in Colorado a few years ago 
proved a bad failure. The small diameters of tuyeres, the low tuyere-ratio and 
low pressure blast of European furnaces, when contrasted with American fur- 


43 United States Patent No. 673,173, April 30, 1901. 

44 Original United States Patent No. 629,023, July 18, 1899; Re-issue No. 11,932, Sept. 17, 1901. 

45 United States Patent No. 678,078, July 9, 1901. 5° United States Patent No. 672,373, April 16, 1901. 

46 United States Patent No. 680,613, Aug. 13, 1901. 5! United States Patent No. 11,925, Aug. 6, 1901. 

47 United States Patent No. 679.452, July 30,1901. 52 Hofman, Metallurgy of Lead, Sixth Edition, p. 245, 
48 United States Patent No. 688,587, Dec. 10, 1901. | 53 United States Patent No. 682,009, Sept. 3, 1901, 

4° United States Patent No. 688,651, Dec. 10, 1901. 54 Freiberger Jahrbuch, 1901, p. 116. 
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naces, is of interest. In connection with this, the low fuel consumption of the 
European furnaces is noticeable. Whether this be due to the easy character 
of the charge or to the better proportioning of blast is still an open question. 


MODERN LEAD BLAST FURNACES. 


i 


Furnace Dimensions. Tuyeres. 
i 6 SB .|  Tuyere Section. 8 Biles 
2 : Ak MS : 2 sure 
I Name of the Smelting Works. Furnace. |38 gS w | & 
7 eS Length| Breadth.|Area. 2 5 
3 
A 
Sq. Mm 
Feet. Feet. In He. 
1|Przibram Works, Bohemia............. Water pcketed | 28-9 4:6 46 166 | 8| 2°4 40 
2\Victor Frederic Works, Harz Mts...... Pilz circular....| 25°1 4:9 4:9 19°70 |} 8| 1:4 20 
3|Freiberg Works, Saxony.....-.-+.++++5 Pilz circular....| 18°7 3°3 3°3 89D po8&k th 132 10 
4\Freiberg Works, Saxony........++.++++ Pilz circular....| 27°9 4:9 4:9 19:0 | 12} 1°4 20 
5|Freiberg Works, Saxony.......-+.++++> Pilz circular....| 279 6°6 6°6 33°8 | 20| 1:0 30 
6;Mazarron, Carthagena, Spain.......... Pilz circular....| 22°2 6:0 6°0 28:21, 8. 2:0 19 
7|Mazarron, Carthagena, Spain.......... Pilz oval:...... 32°8 10°0 6:0 52-1 | 16 2°0 19 
8|Pertusola Works, Italy ........--:.++++ Pilz circular....| 23:0 79 7:9 48-7 | 16.| 2:0 30 
9\Omaha & Grant Works, Denver, Colo.. be niet {16-1 8:3 Q-7 99-7111 | 3:5 32 
10/Philadelphia Smelting & Refining|Water-jacketed : : i : 
Works, Pueblo, Colo.....+.....2+02-++ oblonga. erick. {25 : oS oe ANE Rodd Ge ” 
il Pennsylvania Smelting Works, Utah... Ais ot cael } 24-0 11°7 3:75 43°7 | 14 3°5 123 
oblong....... 
12)}\Germania Lead Works, Salt Lake City. A ee al Lo4-0 11°” 3°75 | 43-7114] 3:5 | 128 
13}El Paso Smelting Works, Texas........ eee let 0 10:0 3:5 35:0 | 18 | 3:9 32 
14 pee Hill Proprietary Works, Aus- eae halen t 19:0 9°3 5-0 47-7141} 3:0 88 
15|Broken Hill "Block 14 Co.,_ Port Ade- Water-jacketed ; ; : , 
laide, Australia..........2eeesseeeeee oblong......- 18 0 16:8 5:0 66°5 | 18} 3°5 a 
Bee ee ee Nn ee 
ao = 
AZ ; Bo Tons Charge 
BAS |g in 24 Hours. 
NOn| 
Ps 3S gs z 3 Coke. 
O*S — ao 
| Name of the Smelting Works. B<5 SI Tone sed Remarks. 
3 Bs 8 foe Flax |T02s.| Fg 
A © Pray o Total sss) 
53 Ore. | and O38 
Sets 4 Slag oe a 4 
Bom a 
1/Prizbram Works, Bohemia...........- 2°16 |......| 22:0 | 9°0 | 31°0 | 1°81 | 16°0 | Siphon tap. : 
2| Victor Frederic Works, Harz Mts.... | 9°51 |...... 27°5 | 25°0 | 52°5 | 2°76 | 11°0 | 1890. = 
3]Freiberg Works, Saxony..........+++- 1:06 | 12-15) 25°0 | 24:0 | 49°0 | 5°77 | 95 + 
4\Freiberg Works, Saxony........+..+- 1°24 | 12-15] 30°0 | 27°5 | 57°5 | 3°08 9:0 g 
5|Freiberg Works, Saxony....... aetna 0°46 | 12-15} 60°0 | 40°0 |100°0 | 2°96 | 8:5 rs 
6|Mazarron, Carthagena, Spain.....,... O28: | ee cies 55°0 | 55°0 |110°0 | 3°90 | (?) oe lS 
“|\Mazarron, Carthagena, Spain......... (OF (al hee Ss 67°5 | 67°5 |185°0 | 2°59 | (?) sil greny 
8|Pertusola Works, Italy..............-- 1:03 | 33 116°0 | 64°0 |180°0 | 3°70 | 8°5 
9}Omaha & Grant Works, Denver, Colo.. 4°66] 18 40°0 | 20°0 | 60°0 | 2°64 | 20°0 | 
1p cs ee Beanie \igiga:| 192011. /.aelessese 100°0 | 2°86 | 13°5 | 1897. bes 
‘ COLO de xgoate ssc 
11]Pennsylvania Smelting Works, Utah..| 3°08 | 18-20) 75:0 | 70°0 145°0 | 8°82 | 11°5 | 1896. (6) re] 
12|Germania Lead Works, Salt Lake City.| 3°08 | 11 |......]...... 170°0 | 8°89 | 12°5 | 1897. a 
13|El Paso Smelting Works, Texas....... 4°44 | 12 40°5 | 29:0 | 69°5 | 1:99 | 13:0 | Carbonate ore. a 
peer aa Wee tiene de.) 2 ea beers word 142 | 100 |) 
15|Broken Hill Block 14 Co., Port Ade- 3 A 5 : 
Week eet ee ee ee +1 Bret | 20-80. ....|-...:. 100'0 | 1:50 | 11:0 | 75% roasted ore. 


(a) Movable tapping hearth, (6) 66°6% roasted sulphide ore and 33°3% raw carbonate ore. 


J. H. Rodda®® suggests that to obviate the difficulties encountered in smelt- 
ing silver-lead ores rich in zinc, arsenic and antimony, the siphon- or bottom- 
tap, should be closed and an external crucible attached with trapped blast to 
the front of the furnace and the melted masses allowed to flow continuously 
into the fore-hearth, where they can separate and be tapped. 


55 Engineering and Mining Journal, Sept. 7, 1901, 
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Blast-furnace Elevator—Clemmer®® gives an illustrated description of an 
elevator for smelting plants. It is designed to raise 6,000 lb. to a height of 
19 ft. 8 in. with steam, water or air at a pressure of 60 Jb. 

Blast-furnace Stack—W. Magman*™ describes and illustrates the wooden 
smelter stack built in six weeks in 1897 by the Compafiia Minera de Pefoles 
at Mapimi, Durango, Mexico, at a cost of $10,000 (Mexican). A brick stack 
would have cost four times as much. The stack is 180 ft. high and 10 ft. 
square, and is constructed of ordinary 1-in. matched flooring lumber and lined 
on the inside with No. 22 corrugated roofing iron. The bracing is built mainly 
of 4X6-in. and 6X6-in. timber, some 8X8-in. timber being used in some parts. 

Graphical Calculation of Blast-furnace Charge.—E. A. Hersam** gives a simple 
and easy method for the use of the tri-axial diagram in the calculation of slags 
which will be of interest to those who prefer graphical to algebraic methods of 
calculating charges. 

Rotary Blowers versus Blowing Engines.—The replacement of rotary pressure 
blowers by blowing engines for furnishing the necessary air to lead blast fur- 
naces and matting furnaces is receiving much consideration.®® In former times 
with a blast pressure of from 8 to 12 oz., rotary pressure blowers of the Blake 
and Root type did very satisfactory work. When the pressure was raised to 
40 oz. and sometimes even to 48 oz., the matter assumed a different aspect. 

A. Raht,® for example, tested the volumetric efficiency of a rotary pressure 
blower by' closing the discharge opening (“closed discharge”), connecting a press- 
ure gauge with the closed delivery-pipe and gradually speeding up the blower. 
The gauge could be made to register only 10 Ib. pressure, thus showing that the 
blower would not deliver air against a pressure of 10 Ib. At 4 lb. pressure, the loss 
in blast appeared to be about the same as at 10 lb. Manufacturers advise the use 
of piston blowing engines for pressures exceeding 5 lb. Hixon®* does not believe 
that the field of the blowing engine proper exists below 5 lb. Vezin®? main- 
tained several years ago that rotary pressure-blowers were not any cheaper than 
cylinder blowing engines with pressures of from 1 to 2 lb. on account of the 
back leak or slip. Notwithstanding the criticisms of specialists, rotary pressure 
blowers of unusual sizes are being built to meet the increasing demands, because 
they are believed to be cheaper. Thus a furnace’? 42X140 in. to be driven 
under a pressure of 40 oz. has recently been provided with a No. 10 blower, to 
be run at 100 revolutions per minute, which with a displacement of 300 cu. ft. 
per revolution corresponds to 30,000 cu. ft. per minute. The force required 
to drive the blower approximates 400 H.P. 

Channing® gives an example of a piston-blowing engine and a rotary pressure 


56 Hngineering and Mining Journal, June 22, 1901. 

57 Mining and Scientific Press, June 29, 1961. 

58 Transactions of the American Institute of Mining Engineers, February, 1901. 

5° Engineering and Mining Journal, 1901: 8. E. Bretherton, April 13, August 24; Editor, April 27; J. P. 
Channing, June 8; H. W. Hixon, July 20. 

60 Tbid., April 13, 1891, p. 458, col. 2, in article by Bretherton. 

61 Jbid., July 20, 1901. 

64 Transactions of the American Institute of Mining Engineers, Vol. XXVI., p. 1095; Hofman, Metallurgy 
of Lead, Sixth Edition, p. 250. 

63 Engineering and Mining Journal, April 27, 1901. 

64 Ibid., June 8, 1901. 
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blower recently erected to supply two copper blast furnaces. The engine of 
the Tennessee Copper Co. has two air tubes 57X42 in.; the steam cylinders, of 
the Corliss type, are 13 and 24 in. by 42 in. The blast pressure is 2°5 |b. 
per sq. in. The smelter of the Santa Fe Gold & Copper Mining Co. has recently 
installed a No. 8 blower directly coupled to a 14X32-in. Corliss engine. The 
blast pressure being 12 oz. to the sq. im. 

Utilization of Blast-furnace Slags——At the Chemical Works “Marienhiitte,” 
Langesheim, Lower Harz Mountains,*° the lead blast-furnace slags, rich in zinc 
and baryta, are treated in the following way: the slag is pulverized in a ball 
mill, mixed with calcium chloride and melted down at about 1,200°C. under 
oxidizing conditions in a reverberatory furnace. The melted mass, when cold, 
is pulverized in the ball mill and leached with water. There results a solution 
of barium chloride nearly chemically pure and a residue of calcium sulphate 
with some silicates of zinc and iron. The residue, while still moist, is trans- 
ferred into lead-pans and treated with sulphuric acid of 50°B.; it soon becomes 
hot, turns white and solidifies. It is now mixed with calcium chloride, pulver- 
‘ized in a ball mill, and heated to 500°C., chlorides of zine and iron are formed, 
the iron chloride being decomposed (2FeCl,+2H,0+O0=Fe,0,+4HCl), the 
hydrochloric acid set free being used to prepare calcium chloride from lime- 
stone. The mixture is finally treated with water giving a solution of zinc chloride 
containing a little iron and a residue, consisting mainly of calcium sulphate and 
ferric oxide. This is ground, dried and sold as red paint. 

Dust-Catcher.—Cavallier®® constructed a wet dust-catcher which collects the 
dust from the iron blast furnace at Pont-d-Mousson, France. In 24 hours 
350,000 cu. in. of air pass through the dust catcher and deposit about 630 kg. 
of flue-dust. 

Condensation of Flue-dust.—K. Balbach, Jr., patented®’ a condenser for flue- 
dust and fumes. It has the form of a tower with vertical partition walls that 
force the gas-current to zigzag up and down through the tower; at right angles 
to these deflection walls are air-cooled divisions connected e pipes that the 
gases in their zigzag passages may give up their heat and allow the fumes to 
settle out. 

Briquetting Flue-dust and Fine Ores.—The Chisholm, Boyd & White Co.* 
state that 50 of their roller- and plate-mould briquetting machines®® were in 
operation in March, 1901, and that during an 18-months’ run the cost of 
briquetting at one plant was 62-5c. per ton, which figure included repaws of plant, 
power, labor, bond and automatic carrying of briquettes to the furnace floor. 
The briquettes are 2°5 in. in diameter and 4 in. high. The machine has a ca- 
pacity of 80 briquettes per minute and requires 35 H.P. for operating the press 
and the auxiliary machinery which slacks the lime, separates the milk of lime 
from uncalcined particles of limestone, pumps it into a mixer into which the 
material to be bricked is fed automatically, incorporates the lime and delivers 
the prepared mixture to the press. The combined output of the briquetting 


68 Oesterreichische Zeitschrift. fuer Berg- und Huettenwesen, 1901, p. 27; and Chemiker Zeitwng, 1900, p. 502. 
66 Berg- und Huettenmuennische Zeitung, 1900, p. 565. °° Engineering and Mining Journal, March 2, 1901. 
67 United States Patent No. 676,380, June 11, 1901. 69 See Hofman, Metallurgy, Sixth Edition, p. 404. 
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plants installed by this company in the United States and foreign countries is 
about 3,000,000 tons annually. Among the well-known lead and copper smelting 
companies using the White machine are: American Smelting & Refining Oo. 
(10) ; La Gran Fundicion Central Mexicana (3) ; Northport Mining & Smelting 
Co. (2); Mountain Copper Co. (3); and many others. In all about 50 plants 
are using these presses for briquetting various materials. 

The Henry 8. Mould briquetting plant’? has made considerable progress since 
it was first built a few years ago. Among the numerous smelting plants using 
the White briquetting press, which is manufactured by this company are: Amer- 
ican Smelting & Refining Co.; Bingham Consolidated Mining & Smelting Co.; 
Anaconda Copper Co. ; Nichtls Chemical Co.; Greene Consolidated Copper Oo., 
at La Cananea, eo Old Dominion Conner Mining & Smelting Co.; Backus 
& Johnson Co., Lima, Peru; Compafiia Minera de Pifioles, Mapimi, Mex.; 
Mount Lyell Mining & Railroad Co., Tasmania, etc. The combined annual out- 
put of the briquetting plants using the White briquetting press amounts ap- 
proximately to 1,000,000 tons of briquettes. 

Briquetting machines have been patented by R. Schorr™ and J. T. Davis.” 


DESILVERIZATION OF Basse BULLION. 


Parkes Process.—A. Schertel"* furnishes an interesting analysis of a felt-like 
metallic scaly mass of a bright copper-color which was found imbedded near 
the tap-hole of a softening furnace, the hearth-material of which consisted of 4 
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Fia. ¢ Gooner FURNACE WITH WATER-COOLED HEARTH. 


mixture of raw and burnt fire clay rammed down firmly. The scales, which 
could not be entirely freed from hearth-material, showed the following composi- 
prone Ch, 59°75%; Pb, 83°46%: ° Sh, 0:37% : Ni, 065%; Ag, 013%; 
Au, 0°02357% ; total metal, 94°3925% ; clay, 56%. Calculating the percentage 


70 Engineering and Mining Journal, Nov. 30, 1901. 72 United States Patent No. 678,359, July 16, 1901. 
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on the basis of metal alone, gives: Cu, 63°31%; Pb, 35°457%,; Sh, 0°39% ; 
Ni, 0°69% ; Ag, 0°137% ; Au, 0:025%. Now the base bullion, freed from cop- 
per-dross in a liquation furnace, contains 0°06 to 0°10% Cu before it is charged 
into softening furnace, and this amount grows to 0°12 to 0°157% by the removal 
of the arsenic and antimony. That such small amounts should separate out 
seems remarkable. Traces of nickel and gold are seen to have been concentrated 
in the scaly product in a much more remarkable degree even than copper. 
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Fig. 2.—CurPELLATION FuRNACE. DETAILS OF HEARTH CONSTRUCTION. 


Electrolytic Refining —A. G. Betts™ patented a process for the electrolytic 
refining of base bullion in which lead fluosilicate, PbSiF,, is said to be the 
electrolyte. This salt is claimed to be soluble in acid solution and to show a 
high conductivity, also no lead is said to be deposited on the anode as peroxide 
when it is used. 

Oupellation—E. A. Weinberg’ describes, as shown in Figs. 1, 2 and 3, a water- 
cooled test for concentrating retort bullion. One peculiarity of the water jacket 


14 Electrical World and Engineer, 1901, p. 260. 
™5 Transactions of the Australacion Institute of Mining Engineers, 1901, Vol. I., 167. 
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is that the inside is 0°375-in. copper plate and the outside 0°375-in. mild-steel 
plate, the breast is of brass. The author adopted this construction, as he had 
found that mild steel was soon corroded when the litharge, after having begun 
to eat into the filling, came in contact with it, while a copper test-ring had 
stood for over five years. The test, oval in shape, is 7°5 {t.x5 ft. 5 in. inside. 
The filling is made of five parts of cement and one part of sand, the bottom 
and sides are made 4 in. thick. The test which is run into position on a truck 
and held in place by jack-screws, holds 4,265 lb. of metal when new, and as 
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Fig. 3.—CuUPELLATION FURNACE. DETAILS OF CuPEL CoNSTRUCTION. 


much as 4,700 lb. when worn.- Its life is three months when used for cupelling 
alone and two months when treating all sorts of drosses. 


LEAD POISONING. 


F. Blum’* published in pamphlet form a summary of what has been found 
useful in combatting lead poisoning, supplementing it with his researches. Lead 
ores, the author says, ought not to be allowed to become dry before it is absolutely 
necessary ; this is especially the case with carbonate ores which are more harmful 
than sulphides or sulphates. Sulphurous gases which are so common around 
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lead plants treating sulphide ores are harmful. This is contrary to generally 
accepted ideas, but the author, by synthetical experiments, has shown this to be 
a fact. In dusty places, nose and mouth are best protected by a sponge, by 
cotton or some other respirator as long as this does not contain any valves. Men 
engaged in lead work ought to be watched to see whether lead is having a bad 
effect or not, as some men stand lead fumes and dusts for years, while 
others feel the bad effects in weeks; the latter men ought, of course, 
to give up lead-work at once. When a man has become leaded and is ap- 
parently well again, it is advisable to keep him at some other work for several 
weeks, for if he returns at once to his regular occupation, he is liable to be taken 
down in a very short time. Alcoholic beverages and acid foods are to be avoided, 
while glutinous foods ought to be taken frequently. 

At present, no remedy is known which will assist to rid the body of the lead 
that has got into it. Potassium iodide, which has always been recommended, 
has been found by Dr. Blum to have no effect whatever. Of course cleanliness 
and good ventilation are the principal means of preventing men from becoming 
leaded. A supplement contains the experiments and opinions of W. H. Hutch- 
ings, manager of the lead works of Cookson & Co., Newcastle-upon-Tyne, which 
have a daily capacity of 200 tons white lead and 50 tons red lead. In 1898 
there was only a single case of lead poisoning, and a light one at that; in 1899 
there were five, and in the first six months of 1900, none at all. 

Hutchings finds that lead sulphide and sulphate are practically harmless, 
lead oxide is poisonous and carbonate exceedingly so. He believes, contrary to 
the opinion generally held, that lead enters the human body only through mouth 
and nose and not through the pores of the skin. As to protective measures the 
best of ventilation and cleanliness of floors are essential. The only remedy that 
has so far proved somewhat efficacious is the use of lozenges made of sulphur, 
sugar and peppermint, containing 0°5 grain of sodium sulphide; the sulphur 
and alkaline sulphide converting the lead into harmless sulphide. 


MAGNESITE. 


THE production of magnesite in the United States continues to be derived solely 
from California, and in 1901 the output amounted to 13,172 short tons, valued 
at $43,057, as compared with 2,708 short tons, valued at $11,832 in 1900. The 
reported production in 1901 was comprised of 3,112 short tons of crude magnesite 
and 4,726 short tons of calcined magnesite, which latter is equivalent to 10,060 
short tons of the crude product, making a total of 13,172 short tons. 


PRODUCTION OF MAGNESITE IN CALIFORNIA. 
ae I INS 


Crude. Calcined. Crude Total Crude. 
Equivalent 


+e) 


| 
Mine. 


Short Tons.| Value at | per gon, Short Tons. ae Calcined. {Short Tons.| Value. 


Short Tons 


$1,516 : 764 $10,700 
80 4:00 1,013 14,200 
800 12/200 


1,013 15,900 2239 
4,726 26,332 10,060 


The very considerable increase in the production of magnesite in the United 
States during 1901 resulted from its extensive use as a refractory lining for open- 
hearth furnaces and converters in the steel industry, for lining rotary kilns used 
in the manufacture of Portland cement, and as a non-conducting covering for 
boilers, steam pipes, ete., to prevent the loss of heat. There is also a considerable 
quantity utilized in the manufacture of carbon dioxide gas for carbonating 
beverages. The carbon dioxide gas is produced from magnesite by treatment with 
sulphuric acid or by the application of heat alone; in the former case magnesium 
sulphate (MgSO,7H,0) or Epsom salts is made as a by-product, the production 
of which during 1900 is estimated at 8,000,000 Ib. Magnesite bricks for the 
refractory lining of furnaces are made in this country by the Fayette Manu- 
facturing Co., at Layton, Pa., and by the Harbison & Walker Co., of Pittsburg, 
Pa. The latter company is equipped to manufacture 3,000,000: brick annually 
and has furnished the following analyses of its products: Grecian magnesite 
brick: CO, 0°14%, Al,O, 0°686%, SiO, 3:°2%, FeO, 03%, CaO 1:9%, and 
MgO 93:876%. Styrian magnesite brick: CO, 0°04%, Al,O, 098%, SiO, 3:4%, 
Fe,0, 51%, CaO 2°8%, and MgO 87:8%. 

The importation of crude and calcined magnesite during 1901 was 33,461 
short tons, as compared with 28,821 short tons in 1900, the supply being derived 
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mainly from Greece and Styria. No statistics are available for the importation of 
magnesite bricks, which is of considerable importance. The greater part of the 
consumption of magnesite in the United States is derived from foreign sources. 

Austria.—The plant of the Veitscher Magnesitwerke Act.-Ges., at Veitsch, 
Styria, employs 1,500 men and has a capacity of producing 100,000 tons of 
finished product, which embraces raw, burnt and sintered magnesite in large and 
small lumps and finely ground, mortar, burned bricks and other shapes for iron 
and steel furnaces, cement kilns, ete., pipes, crucibles, tuyeres for basic Bessemer 
converters, etc. 

The following analyses of calcined magnesite and magnesite bricks have been 
furnished by Paul Mansfeld, of Budapest, Hungary :-— 


MgO. | COz. | Fes. | SiO, | AlOs.| Cad. | Loss, | P05. | Ungerer 
% % % 
Calcined magnesite.... ........ 90°42 | 0°46 5°02 
Calcined magnesite............. GOP 95 lis cee 6°50 
Calcined magnesite............- Oils 0) 5] favsictsearats 6°90 
Mansfeld magnesite bricks..... QUA ae calsaceiels 6°05 
Styrian magnesite bricks...,... SB200S see ccs 7°60 


A. Vesterberg has made an elaborate study on the effect of heat on magnesite 
and dolomite which shows that the magnesium carbonate is present in the latter 
as a double salt of magnesium and calcium (Mg,Ca) CO. 

Greece.—Two companies, one English and the other Greek, are now operating 
the magnesite mines of Hubcea, the Greek company shipping both the raw and 
calcined magnesite from the small seaport of Katunia. Until recently primitive 
wood-fired kilns were employed for calcining the ore, which required a large 
quantity of fuel; recently, however, modern shaft calciners have been constructed 
and a local lignite is used to advantage both for cost and working. Magnesite 
when completely calcined falls to powder when moved and chokes the lower or 
cooling portion of the ordinary kiln, preventing the access of air and heated 
gases necessary for calcination. The modern furnace is especially constructed 
to overcome this result. From 16 to 20% of lignite is required for the complete 
calcination of the magnesite. Small pieces are best calcined in a double-hearth 
reverberatory furnace with the flame in direct contact with the freshly charged 
magnesite on the upper hearth, the operation being completed on the lower and 
hotter hearth. Pure magnesite from Euboea is highly refractory and sinters 
only at a very high temperature, and for the manufacture of magnesite bricks 
it is necessary to add a suitable binding material. The Greek company, at its 
works at Mantudi, uses a small proportion of serpentine in its mixture, and 
produces a very hard and dense brick by burning at a temperature of 1,400°C. 
in a regenerative furnace of the Siemens type. Their product is consumed in 
metallurgical works of the United States and elsewhere. 

Russia.—An analysis of a sample of magnesite from a large deposit recently 
discovered in the Department of Ufa, Southern Urals, gave MgO 46%, 
CaO 0:85%, Fe,0, and Al,O, 1:62%, SiO, 0°3%, and CO, 51:23% ; total 100%. 
This magnesite is to be used for the manufacture of magnesite bricks at the. 
recently erected works near Zlatoonst. 


MANGANESE. 


THE production of manganese ores of all grades in the United States during 
1901 is given in the subjoined table, which does not include the manganiferous 
iron ores of Colorado and other Western States consumed as a flux in silver-lead 
smelting, although account is taken of that portion sold to steel makers for the 
manufacture of ferromanganese and spiegeleisen. The average manganese con- 
tent of the ores from the different States is shown in the second table. For de- 
tails of the American consumption and supply, reference may be made to the 
article by Alfred A. Wheeler in THe Minerau Inpusrry, Vol. VIII. The com- 
position and occurrence of the ores of manganese have been fully set forth in 
the preceding volumes. 

The subjoined table shows the relative production for the years 1897 to 1901 of 
the high-grade ore from Arkansas, California, Georgia, Tennessee and Virginia; 
of Colorado ores used for steel making purposes; of the low-grade ores from 
Michigan and Wisconsin, and of the manganiferous residuum from the zinc oxide 
works of New Jersey and Pennsylvania. 


STATISTICS OF MANGANESE ORE IN THE UNITED STATES. (IN TONS OF 2,240 LB.) 


Production. - Imports. 


Consumption. 


a coe Col- | Geor- 


sas. | nia, Orado} gia. 


Michigan] New | Ten-} _. an (Totals. 
and Wis-| Jer- | nes- | Vir- | Else- 


Bots Tons. 
consin. see, |Sinia.|wh’re Tons. 


ty 
oS 
oO 
~ 


Tons. | Value. Value. 


Value. 


1897} 4,430) 450 


18,600 |198,174) $669,121 


2,408 |c1,800|158,600} $328,176) 39,574 $340,945 


1898} 2,775) 393 
1899] 855) 2638 
1900 51] 231 
1901 91} 610 


17,792| 2,477 
29'161| 13623 
45,791 1.053 
62,385] 4,074 


(a) Manganiferous iron ore. 


3 Nil. 
52,811] 400 


3,307 
3,626 
3,988 
4,275 


2,565 /638,795) 1,644,117) 


187,782) 416,627 
75|143,256} 306,476 
218,222) 461,994 


114,885] 831,967 
188,349) 1,584,528 
256,252|2,042,361 
165, 722|1,486,573 


(6) Franklinite residuum. 


MANGANESE PRODUCTION AND CONSUMPTION OF THE UNITED STATES 
OF 50% MN CONTENT. (IN TONS OF 2,240 LB. ) 


from Ark., 
Ga., Va., 
Cal.& Tenn. 


8,440 
9,902 
6,397 
5,823 
9,450 


30% Ore 
from 


Colorado.. |New Jersey 


18,600 
17,792 
29,161 
45,791 
62,385 


12% Ore 
from 


50,000 
47,470 
53,921 
91,748 
52,311 


"7% Ore 
from 


Mich, and 
Wisconsin. 


80,261 
142,318 
53,702 
75,360 
512,084 


Equivalent 
Total Ton- 
nage of 


50% Ore. | 50% 


Imported 
Ores of 


Grade. Equival 


Total Con- 
sumpt’n of 
50% Grade & 


302,667) 1,248,594 
331,605) 1,891,004 
474,474) 2,504,855 
804,517) 8,180,690 


(c) Vermont manganiferous iron ore. 


ON A BASIS 


Per at 


oO 
ent. Imp’d Ore. 


42.836 
51,295 
44,353 
65,368 
@ 131,127 


39,574 
114,885 
188,349 
256,252 
165,722 


82,310 
166,180 
282,702 
321,620 
296,849 


(a) Not including 2,500 tons from Utah and small 


quantities aggregating 65 tons from Alabama Missouri 
and North Carolina, of which the manganese content 4 sibs 


was not reported. 
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The price of manganese ore is determined by the Illinois Steel Co., according 
to the following schedule which is based on ores containing not more than 8% 
SiO, and 0-1% P. Deductions are made of 15c. per ton for each 1% of SiO, 
in excess of 8%, and of lc. per unit of manganese for each 0°027% P in excess 
of 071%. Ores delivered at the works of the company, South Chicago, Tl. 
Settlements are based on analysis of samples dried at 212°F.; the percentage of 
moisture in the samples as taken being deducted from the weight. 


Tenor in Mn. Price per Unit. Tenor in Mn. Price per Unit. 


40 to 43 


Schedules of prices offered by the Carnegie Steel Co. differed but slightly in 
detail from the above; being about 1c. per unit lower for manganese. 

The imports of manganese iron ore during 1901 were 165,722 long tons, valued 
at $1,486,573, as compared with 256,252 long tons, valued at $2,042,361. This 
large increase is attributable to the low price of foreign spiegeleisen and ferro- 
manganese, large quantities of which were used by the steel makers in preference 
to the purchase of manganese ores and the manufacture of the products them- 
selves. 

Metallic manganese is now being manufactured at Essen, Germany, by the 
Goldschmidt process of aluminum reduction. Its relatively high cost, as com- 
pared with ferromanganese, however (about 10 to 1), limits its use mainly for 
the manufacture of copper alloys. The pure metal oxidizes very slowly in the 
air and alloys readily with other metals. Manganese-iron-titanium alloys have 
been made containing as high as 40% Ti, but these are so refractory that an 
alloy of from 20 to 25% Ti is generally used. The presence of titanium in iron 
or steel even in quantity not exceeding 0°2%, produces a very tough, fibrous 
structure to the metal, and as this element will unite much more readily with 
manganese than with iron, a manganese-titanium alloy containing from 30 to 
35% Ti has been used with good results in place of ferrotitanium. Furthermore, 
the manganese alloy dissolves more readily in the molten iron than the iron alloy. 

Colorado.—According to the report of the Hon. Harry A. Lee, the production 
of manganiferous iron ores in Colorado during 1901 was derived from Lake 
County solely, and amounted to 68,500 long tons of an average composition of 
from 28 to 30% Mn, 22 to 24% Fe, 3 to 4% SiO,, 0°035 to 0:05% P and 
4 to 10%. H,O. About 65% of the output was shipped to the Illinois Steel Co., 
Chicago, Ill., and 35% was used in Colorado for the manufacture of ferroman- 
ganese and spiegeleisen. A large quantity of manganiferous iron ores was con- 
sumed during the year as a flux by the silver-lead smelters, which is not included 
in the statistics of production. 

Georgia—(By T. L. Watson.) —The manganese ore deposits of Georgia have 
been continuously worked for many years, and during the early development the 
ore was marketed chiefly in England; at present, however, the entire output is 
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consumed in the United States, where it is used principally for the manu- 
facture of ferromanganese and spiegeleisen, and to a less extent in bleaching 


purposes. 
0% the manganese oxides which occur in the deposits, pyrolusite and psilomelane 
greatly predominate, with some manganite and braunite, and in places consider- 
able wad (the earthy oxide). These oxides usually occur admixed in varying 
proportions, and cannot always be separated. The distribution of the workable 
ores is limited chiefly to Bartow, Floyd and Polk counties. In Bartow County 
the Cartersville district has furnished almost the entire manganese output of the 
State. In 1901 considerable manganese was mined and shipped from the Cave 
Spring district in Floyd and Polk counties, near the Alabama State line. A very 
promising area has more recently been opened to the east of Rome, in Floyd 
County, near Lindale. Small amounts of the ore have been mined from time 
to time at several other places in the more northwestern portion of the State. 
No workable deposits of manganese have as yet been opened beyond the limits 
cf the Paleozoic group, although limited occurrences of the manganese oxide are 
known at many points in the Crystalline area. 

The manganese ore in the workable areas occurs chiefly as lumps and masses, 
mostly in the form of irregular pockets, small veins and stringers, and rarely 
as true beds. The ore is embedded in the heavy mantle of residual decay derived 
from the Knox dolomite, Beaver limestone and Weisner quartzite (Chilhowee 
sandstone of Safford). ‘The residuary mantle is composed of light gray, yellow 
and red ¢lays, through which the ore is irregularly distributed. In the Carters- 
ville district the nodules or concretions are largely, partially, or entirely crystal- 
line and usually display the concentric or layered structure to some degree. The 
Georgia manganese deposits are secondary accumulations concentrated in the 
residual clays by chemical and physical processes. The ore is mined entirely by 
open cut, shaft and tunnel work, and on account of its limitation to the residual 
clays, no heavy or expensive machinery is required. The workings are usually 
confined to the tops and slopes of the limestone and quartzite ridges, less often 
to the valley bottoms. The ore is rarely free from some included or admixed 
quartz and sand, which are often present in sufficient amount to necessitate crush- 
ing the ore before washing and jigging. The adhering clay is freed from the 
ore by washing in a log washer similar to those used in cleansing brown iron 
ores and ocher. 

The manganese deposits are intimately associated with extensive deposits of 
brown iron ore and some gray specular hematite, and in the Cartersville district, 
with the deposits of yellow ocher. The proportion of clay to ore is usually larger 
in case of the manganese than in the closely associated brown iron ores. 

Virginia.—The Crimora Manganese Co. continued to exploit the deposit 
formerly worked by the Carnegie Steel Co., and apparently has successfully 
adapted the hydraulic process to the peculiar conditions prevailing in the mine. 
The ore is found in irregular detached masses of variable size scattered through a 
stiff clay which occupies a basin 0°:%5X1°5 mile, and 250 ft. in extreme depth. 
Formerly the ore was extracted by shafts and drifts, a method that was both 
expensive and wasteful. As subsequently shown, the development frequently 
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failed to locate masses of ore that were in close proximity to the workings, 
although they might have been discovered without much difficulty by hand drill- 
ing. By the hydraulic process as used there, the top layer of gravel and alluvium 
is first removed in cars and the clay bank is then washed down under a powerful 
head of water. The ore being separated from the clay, is shoveled on wheel- 
barrows and carried to the mill located at the edge of the pit, where it passes 
through a crusher and washer and is then screened ; all material over 0°5 in, in 
size is passed to a belt sorter and the undersize to jigs. 


WORLD’S PRODUCTION OF MANGANESE ORE. (@) (IN METRIC TONS.) 


te ; 
3 Austria-| Bel- : ., |Can- : Colom- 
KS Hungary.| gium. aaa wae ada. eae bin. Cubal France.| Germany|Greece.} India. | Italy. 


1896} 5,941 23,265 | 6,821 | 14,120) 112 | 26,152 | 10,668 
1897} 10,043 28,372 | 5,844 | 16,054) 14 | 28,528 | 8,382 
1898} 14,219 16,440 | 5,820 | 26,417) 45 | 20,851 | 11,176 
1899} 10,484 12,120 | 5,270 | 65,000} 279 | 40,931 | 10,160 
1900} 14,550 10,820 } 7,939 | 108,244) 27 | 25,715 | (©) 


45,062 15,500 | 57,788 | 1,890 
46,427 11,868 | 74,862 | 1,634 
43,354 14,097 | 61,469 | 8,002 
61,329 17,600 | 88,520 | 4,856 
59,204 | 14,166 |132,767 | 6,014 


New _ | Portu- | Queens- . South : United |United 

Year.| Japan. Zealand.| gal. land. Russia. apr se Spain. | Sweden.|Turkey Kingdom. |States. 
) 

1896.. 17,967 66 1,494 805 208,025 Nil. 88,265 2,056 |.cerceee 1,097 165,135 
1897... 17,351 182 1,652 403 370,195 Nil. 100,566 Diy (0 ae aon 609 161,138 
1898. . 11,517 220 907 68 829,546 Nil. 102,228 QISDO a [elem piacere 235 190,787 
1899.. 11,340 137 2,049 V47 659,301 102 104,974 2,622 49,468 422 - 145,548 
1900.. 15,228 169 1,971 7 (c) Nil. 112,897 2,651 | d 38,100 1,384 221,714 


(a) From official statistics, except for the United States and Colombia, for which direct reports have been 
received from the producers. (6) Includes Herzegovina. (c) Statistics not yet published. (d) Export returns, 
(e) Shipments as stated in British Diplomatic and Consular Reports, except for 1899, which are estimated, 


THe PRODUCTION OF MANGANESE ORE IN FoREIGN COUNTRIES. 


Belgium.—This country produces some manganiferous iron ore, but, strictly 
speaking, no manganese ore. The output varied from a minimum of 700 tons in 
1880, to a maximum of 28,000 tons in 189%, falling to 11,000 tons in 1900. 

Brazil—The production of manganese ore in Brazil began in 1899 and has 
continued in increasing growth until 1900, in which year the shipments of ore 
amounted to 127,000 metric tons. During 1901 however the shipments decreased 
to 96,000 metric tons. In THe Minerau Inpusrry, Vol. IX., is an abstract 
ef the comprehensive paper on “Manganese Ore in Brazil,” by Mr. H. K. Scott, 
which appeared in the Journal of the Iron and Steel Institute, NOLL Toeo: 
This paper has been supplemented by a description of the manganese ore deposits 
at Queluz, Lafayette district, by Mr. Orville A. Derby, in the American Journal 
of Science, July, 1901, from which the following abstract has been made: 

“Queluz District—In this district, the ore bodies occur in association with 
granite and gneissic rocks, the calcareous and ferruginous beds that accompany 
the ore in the other district being completely absent. The mining and prospecting 
operations thus far effected have been limited to a zone 10 to 20 km. wide on each 
side of the railroad. In this zone the outcrops of ore are so numerous and large 
as to indicate an extremely extensive mineralization of an area apparently larger 
than at present recognized. The existing maps of the region are so defective that 
no positive correlation of the different outcrops can be made, but there are strong 
indications of the existence of at least three distinct ore belts,” 
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Although the export duty on manganese ores was reduced to 4% and import 
duties on mining appliances removed to a great extent, it has been estimated that 
the product cannot be profitably mined at an exchange of over 12d. per milreis. 
Several of the smaller mines have suspended operations, although the exports to 
the United States, United Kingdom and Belgium during the first eight months 
of 1901 amounted to 34,000 long tons. The shipments during 1900 were 88,127 
tons, valued at £151,000, the rate of exchange being taken at 9-5d. to the milreis. 

Canada.—The production of manganese ore, principally obtained from New 
Brunswick and Nova Scotia, has ranged from a yearly minimum of 15 tons to 
a maximum of 1,789 tons. Since 1897 (with the exception of 1899, when some 
of the bog or wad manganese ores of New Brunswick were manufactured into 
spiegeleisen), the total amount mined annually has not reached 100 tons. The 
establishment of the large steel plant of the Dominion Iron & Steel Co., at Sidney, 
Cape Breton, will doubtless encourage the development of the Canadian man- 
ganese ore deposits. The exports of manganese ore during 1901 amounted to 
440 short tons, valued at $4,820. 

Chile.—Manganese ores are shipped from the ports of Coquimbo and Carrizal, 
and occasionally small amounts from Santiago. The mines shipping from the 
port of Coquimbo are on the plain of Corral Quemasda, about 60 miles distant. 
The analyses of these ores show Mn, 50 to 51°65%; insoluble, 8°4 to 9°63% ; 
Si0,, 4°73 to 595%; P and Cu, traces; CaO, 4:9 to 8:9%, and moisture, 0°15 
to 027%. <A railroad about 50 miles in length has been built from Carrizal to 
the manganese mines at the foot of the Ten-Mile mountains, where a number 
of lodes, averaging from 4 to 5 m. wide are reported. Analyses of 12 samples of 
ores from this district, indicate Mn, 40:26 to 5718%; SiO,, 8:40 to 177%, 
and P, 0:079 to 0:09%. The small quantity of manganese ore exported from 
Santiago comes from Aculeo, about 32 miles south of Santiago. The yield is 
about 50% Mn. Manganese ores have also been found at other points, but owing 
to the lack of railway communication or the poor quality of the ore, the deposits 
are of no present commercial value. 

Colombia.—The manganese ore deposits at present worked are on the Isthmus 
of Panama, near the Caribbean Sea, about 45 miles. N.E. of Aspinwall. The 
Caribbean Manganese Co., an American concern, is the most important producer 
in Colombia, and the bulk of ore mined is sent to the United States. In recent 
years the annual production, has ranged from about 8,000 to 10,000 long tons, but 
in 1901 only 700 tons were shipped. 

Cuba.—The mines of the Ponopo Mining & Transportation Co., the Standard 
Manganese & Mining Co., and the Sierra Maestpa Mining Co. are located in the 
Province of Santiago de Cuba, about 23 miles from the town of the same name, on 
the tops or flanks of small hills that branch from the Sierra Maestpa Mountains, 
The rocks in the neighborhood of the deposits are much decomposed, with the 
exception of some boulders of porphyry and the jasper which are associated with 
the ore, and it is asserted that this and the thick vegetation, make it difficult to 
determine the exact geological formation. At the Ponopo mines it is claimed that 
manganese may have been derived from one of the igneous rocks, in which it is 
often present in the form of silicate. This having been chemically decomposed 
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when the rocks were disintegrated by the action of atmospheric agencies, the 
manganese was carried in solution to the surface waters, and aided by favorable 
conditions, was deposited in the form of oxide. As the deposition of the ore 
was governed by local conditions the extent and continuity of the deposits have 
to be investigated in each particular case. The ore is found in pockets of greater 
or less extent, embedded in clay, which has resulted from the decomposition of 
the original enclosing rock. This clay, in places, assumes various shades of color; 
red, white and yellow, due to the different stages of oxidation of the iron and 
manganese contained. The ore is also found associated with red or yellow jasper. 

France.—The greater portion of the manganese ore obtained in France is of 
the carbonate variety from the mines of Las Cabesses (Ariege), which produces 
annually about 5,000 tons of ore. The tenor of manganese in the ore being in- 
creased by calcination from 40 to 45% raw, to 50 to 56% in shipped ore. Smaller 
amounts are contributed by the mines Romaneche, the Grande Filon (Saone and 
Loire), where manganese dioxide is obtained. 

Germany.—The greater portion of the home supply is furnished by Prussia, 
which contributes 98% of the total in the form of manganiferous iron ore, the 
value ranging from $3 to $7 per ton. 

Greece.—The French Government is reported to be carrying on manganese 
ore mining at Cape Vani, on the northwestern part of the Island of Minos. The 
ore is claimed to be the dioxide occurring in a basin of Tertiary sediments which 
are penetrated by trachytic dikes. The ore is mined by open cuts and shafts, and 
when sorted, contains from 32 to 41% MnO,. The output ranges from 10,000 
to 15,000 tons per year. From 150,000 to 400,000 tons of manganiferous iron 
ore is annually produced in Greece. 

India.—Manganese deposits exist along the Hast Coast Railway in Vizayanaga- 
ram State, Vizagapatam district, and are found in the Chipurupalle taluq of that 
State. These are chiefly “pockets” close to the surface and reported to be of 
good quality. Manganese ores are also found in the trap rocks of Belgaum, 
Dhawar, and Ratnagiri districts, in the Bombay Presidency, and Jhabua, in 
Central India. An extensive bed of ore, reported to be several miles in extent, 
exists in Lower Burma. Three localities are specified, viz.: the bank of the 
Thugo stream, the bank of the Thriabuen, and the great Tenasserim river. The 
ores are stated to consist of black and gray oxides and wad. The greater portion 
of ore mined comes from the Madras Presidency, which has shown a constantly 
increased output from 1,000 tons in 1892 to over 130,000 tons in 1900. Man- 
ganese ore is now being mined at Nagpore, and exported from Bombay. This 
production adds considerably to the quantity exported, which has heretofore come 
from the mines of Vizagapatam. Indications of manganese deposits have been 
reported in the Bhandara and Balaghat districts, and explorations are being made. 

Italy.—Deposits of both manganese and manganiferous ores occur in Italy, 
the latter being worked in an intermittent manner, in some instances mining 
having been interrupted for years. The present annual production of manganese 
ore is from 4,000 to 5,000 tons, valued at about $5 per ton. The amount of 
manganiferous iron ore produced has varied greatly, in some years none being 
mined, while in others nearly 30,000 tons have been mined. 
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Japan.—Deposits of manganese ore occur in Japan, but it is unlikely that 
they will ever become a prominent source of supply. A small portion of the 
product is used in the steel works lately put in operation in that empire, the 
balance of the ore is exported, amounting in late years to from 6,000 to 9,000 
tons, a large decrease from the export of 20,000 tons in 1896, attributable to im- 
perfect preparation. 

Java.—Small amounts of manganese ore are produced in the Regencies of 
Pengasih and Nanggolan. In some years no ore is mined, while in others over 500 
tons have been exported. 

Russia.—Fully one-half of the world’s supply of manganese ore is derived 
from the Russian Empire, the bulk coming from the Caucasus district, which has 
been fully described by Mr. Frank Drake in previous volumes of THE MINERAL 
Inpustry. Practically all of the manganese ore known in the market as Cau- 
casian ores comes from Chiaturi, although deposits exist also at other localities, 
viz.: Kutis, near Chiaturi; near the Choruk river, and in Erivan and Tiflis, 

The manganese ore deposits as opened in seven of the hills near Chiaturi, 
in a brown sandstone of Miocene age, have an average thickness of between 6 
and 7 ft. and are free from extreme variations. The deposit has a distinctly strati- 
fied structure and is composed largely of pyrolusite, but other manganese oxides 
also occur. It is quite certain that an area of more than 22 sq. miles of the 
present surface is underlaid by ore available for mining. With proper sorting 
no ore from Chiaturi should carry less than 51% Mn. The phosphorus in the ore 
shipped at present averages about 0°16% and silica not above 8%. The figures 
given above refer to ore dried at 212°F. 

An additional source of supply is the Nicopol district, the initial shipments 
being made in 1897. The average analyses showed: Mn 46%, SiO, 12°5%, 
and P 025%. Messrs. Leech, Harrison and Forwood, of London, give the 
average analyses of Chiaturi ore, when dried at 212°F. as: Mn 51%, P 0:15%, 
Si0, 7-5 to 85%, and Fe 1%. The manganese ores of the Nicopol district are: 
described in detail in the special article by Mr, Frank Drake, given later in the 
following pages of this section: 

The mines are usually owned by natives, who hold parcels of ground varying 
in size from 0°5 acre to 50 acres. Some of the proprietors mine the ore from 
their own land while others lease the mining right and receive a royalty therefor. 
The railroad from the mines to the harbor is owned by the Government, which 
makes exorbitant charges for shipment from Chiaturi to Sharopon, a distance of 
about 25 miles. The exports of manganese ore from Batoum and Poti during 
1900 were 373,202 and 52,917 long tons, respectively, which was a considerable 
decrease from the exports during 1899. 

Spain.—The greater portion of the manganese ores produced in Spain is 
of the carbonate and silicate varieties, from the Province of Huelva. Mr. Carlos 
Sundheim states that one-half of the output is silicate, averaging 33% Mn and 
from 30 to 37% SiO,. The shipped ore is classified as yielding from 40 to 
47% Mn, with 16% SiO,; from 36 to 39% Mn, with 16% SiO, ; 34% Mn. with 
16% SiO,, and 30% Mn, with no guarantee as to silica. The ore is exported 
principally to Belgium and Luxemberg, where it is stated to be mixed with the 
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aluminous minette ores of Luxemberg for smelting. A small amount of man- 
ganese oxide, usually from 200 to 300 tons, is obtained from the provinces of 
Oviedo and Teruel, but these localities will not be important producers until rail- 
roads are built to the mines. The total production of manganese ore in Spain 
ranged from about 400 tons in 1894, to 136,500 tons in 1899, falling to about 
113,000 long tons in 1901. The exports of manganese ore during 1901, as re- 
ported by the Revista Minera, were 91,672 metric tons, as compared with 129,916 
metric tons in 1900. 

Sweden.—Sweden has’ been a constant producer of small amounts of man- 
ganese ore, all of which comes from Wermlands and Jonkopings. In recent years 
from 2,000 to 2,700 tons have been mined, but in 1890 the total production 
amounted to more than 10,000 tons. 


Tin Nicopo, MANGANESE DISTRICT IN SOUTHERN RUSSIA, 


By FRANK DRAKE. 


Nicopon is a town in the Government of Ekaterinoslav, on the river Dneiper, 
about 190 miles above Odessa. Being the point from which shipments of ore 
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take their departure for the outer world, Nicopol has given its name to the neigh- 
boring manganese district as well as to the ore, although the deposits lie at a 
considerable distance from the town. 

The accompanying map, Fig. 1, shows the region surrounding Nicopol, with 
the localities at which manganese ore has been mined or discovered, and indicates 
in a general way, the location and extent of the district. 
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The first discovery of ore was made on the Pocroffsky estate of the Grand Duke 
Michael Nicholovitch, in 1885, or previously. Preliminary explorations were made 
in that year, and mining commenced in 1886, the workings then opened becoming 
known as the Pocroffsky mines. At present the following mines are in operation: 

1. The Pocroffsky mines, comprising part of the Pocrofftsky estate, and also 
including territory leased from the neighboring D’Usso estate; operated by the 
Nicopol-Marioopol Mining & Metallurgical Co. Up to the end of 1891 these 
were the only mines in the district, the others mentioned below having since’ 
been gradually opened. 

%. The Liwoff mines, on the D’Usso estate; operated by the engineer Llwoff. 

3. The Briansk mines, on the D’Usso estate; operated by the Briansk Co. 

4. The Gorodistcheffsky mines (also called Dneiprofsky mines), 30 versts 
southeast from the three above mentioned; operated by the Dneiprofsky Co. 

- 5. The mines of the Pyrolusite Co. 

Of these mines the first three are grouped along a small stream, known as 
Salt river (so called on account of the taste of its waters), while the others 
are near the village of Nicolaiovka, about 20 miles southeast from this locality.. 

The mines near Salt river are leased by their operators at royalties equivalent 
usually, to from 60 to 90c. per ton of ore shipped. 

So far as is known, the Pocroffsky mines only, have exported ore; a consider- 
able proportion of their total product, however, is used at the steel works at 
Marioopol, on the sea of Azov, or sold to Russian consumers. The Briansk Oo. 
and the Dneiprofsky Co. use their entire product at their steel works, near 
Ekaterinoslav, while the product of the Llwoff mines is taken by the Briansk Oo. 
Thus, nearly the whole product of the Nicopol district is used in Russia. 

The production of the district (in long tons) has been as follows :— 


4,032 tons. 16.666 tons, 44,884 tons. 
3,651 tons. 28,961 tons. 55,986 tons. 
5,508 tons, (a) 76,450 tons. 3 58,717 tons. 
8,517 tons. (a) 57,468 tons. 95,400 tons. 
10,645 tons. 36,881 tons. 87,223 tons. 


(a) Partly unassorted ore. 


In 1901 the yield is said to have fallen off considerably, owing to the failure of 
a number of metallurgical enterprises in the south of Russia. 

Topography.—The Nicopol district is part of the great steppe region of south-_ 
ern Russia, and its topography is of a prairie-like character with gentle undula- 
tions and an occasional marked eminence or depression. Except in some cases 
along permanent water courses, it is entirely treeless. It is an agricultural 
rather than a mining country and a large proportion of the land is utilized for 
farming purposes. 

The Ore Deposit.'—In the district south of the Salt river, the manganese ore 
is found in a horizontally bedded deposit, usually about 3°5 ft. thick; in a few 
places the thickness shrinks to about 1 ft., while in others it increases to 6 ft. 


1 My personal familiarity with the Nicopol district is confined tothe mines near Salt iver, particularly 
the Pocroffsky mines, so that statements regarding the ore deposit and methods of working apply to the 
Pocroffsky and neighboring mines, rather than to the mines near Nicolaioyka. Access to the latter was denied 
me as well as information concerning them, and statements regarding their working are merely those current 
in the neighborhood. 
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The bed lies between strata of clay of similar appearance but of different gcolog- 
ical ages, the overlying clay being of Miocene age, while the ore deposit itself 
and the underlying clay are Oligocene. The deposit consists mainly of a some- 
what impure pyrolusite, intermixed to a greater or less extent with sandy, cal- 
careous and argillaceous material, the proportion of the foreign matter varying 
considerably in different parts of the bed. The ore deposit is almost entirely 
lacking in the distinctly stratified structure that characterizes the similar man- 
ganese deposit of Chiaturi, in the Caucasus. The Nicopol ore occurs in massive 
form, and in some places is quite hard, while in others it is very soft. The 
harder parts are usually more or less porous and honeycombed, the cavities being 
generally filled entirely or partly with sandy or clayey matter. The texture of 
even the harder parts of the deposit permits the ore to be mined entirely by a pick 
without the use of explosives. 

The workings near Nicolaiovka are said to be in a deposit having similar char- 
acteristics to the deposit at Salt river, and as manganese ore has been found at 
Chutumliksky, between Nicolaiovka and Salt river, it is possible that the work- 
ings are on the same bed. It may also be worth mentioning that a horizontal 
hed of manganese ore occurs near Krevoi-Rog, a village about 40 miles northwest 
from the Pocroffsky mines, and in line with them and Nicolaiovka. It would 
perhaps be an unwarrantable suggestion that the ore bed worked at Salt river 
is identical with that at Krevoi-Rog, but the facts as they exist are at least 
cuggestive of very extensive manganese deposits in this part of Russia. The 
ores of this region are high in phosphorus and, in some localities, comparatively 
low in manganese, but as variations in the latter are characteristic of these, as 
well as of the Caucasian manganese deposits, it may be possible that there are 
localities within the manganese-bearing area containing ores of.a grade desirable 
for metallurgical purposes. 

Chemical and Physical Characteristics of the Ore——The chemical character- 
istics of the crude ore in the vicinity of Salt river are indicated by the following 
partial analyses :— 


Metallic 


Moisture. Silica. Phosphorus. 


Manganese. 
hen gene 30°60 0-24 
PBORue : 27°00 29°58 0°28 
tate se : 27°70 34°63 0°25 


At Nicolaiovka the crude ore is said to carry about 30% Mn. 

The grade of the shipping ore produced at the Salt river mines by separating 
the gangue from the crude ore by hand picking, is shown by the following 
analyses of samples representing two large shipments from Pocroffsky mines: 
Sample 1: Moisture, 805%; MnO,, 66-78% (42°21% Mn); SiO,, 13°95% ; 
Fe,0,, 2°49%; Al,0., 2:95%; MgO, 2°38%; P,O,, 0°42%; C, 164%; SO,, 
095%; total, 99:°61%. Sample 2: Moisture, 340%; Mn0O,, 73°89% 
(46-71% Mn); SiO,, 13°62%; Fe,0,, 268%; Al,0;, 2°33%; MgO, 217%; 
P,0,, 045%; C, 1:41%; SO,, 091%; total, 100°86%. At the Dneiprofsky 
mines the washed crude ore yields two grades of shipping product, one containing 
about 50% Mn, and the other about 40% Mn. 
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The physical characteristics of the Nicopol ore are favorable to its commercial 
value, as it contains a fair proportion of lumps, usually of a porous nature ; 
while, for the most part, both the lumps and the smaller pieces are at least 
moderately hard, so that comparatively little fines are produced by handling. 

Labor and Wages.—The mines in the Nicopol district are dependent for labor 
to operate them, largely on the neighboring peasantry, reinforced to a greater or 
less extent by the migratory bands of peasants which form so striking a feature 
of Russian peasant-life. The underground laborers are the most stable, and, 
while coming originally from the local peasantry, they have abandoned agri- 
cultural labor and form a fairly permanent, though limited, mining population. 
The labor employed in screening and ‘sorting the ore and for general surface 
work, however, is composed almost entirely of migratory bands, and is not only 
uncertain as regards supply but also of an unstable character. This class of 
labor is composed of peasants who, on account of insufficiency of employment, 
have left their native villages for parts of the country where work is obtainable. 
Among them is a considerable proportion of women, who are largely employed 
at the mines for sorting ore. 

Agriculture being the dominant industry of this region, its requirements and 
convenience have molded custom in matters pertaining to labor employment. 
Thus there has arisen a practice of employing labor an entire season (summer 
or winter) for a lump sum, and from this has resulted the custom of the migratory 
peasants of leaving their employment and returning to their villages for a longer 
or shorter time at the end of each season’s work. Through the practice of genera- 
tions, this custom has become so fixed that it is difficult to persuade the peasants 
to forego these visits to their homes, consequently the mine operators are com- 
pelled to submit to the inconvenience of having practically their entire force of 
ore-sorters desert for a more or less uncertain period each year. 

There is a large demand from the mine operators for men, horses and wagons 
to transport the ore from the mines to the Dneiper, and this work is performed by 
the local peasantry in seasons when there is no agricultural work. The supply of 
labor for transportation is thus uncertain and quite as unsatisfactory as that for 
sorting of the ore. The wages earned by miners in the Nicopol district are 
from 60 to 65c. per day, lodging, fuel and: water being furnished in addition. 
Mechanics receive about the same wages as miners, except when employed by’ 
the season, or by the year, in which case their wages are lower. For ore 
sorters working by the day, wages are from 30 to 50c. per day for men, and 
from 25 to 35c. for women, lodging, fuel and water being furnished as in the 
case of the miners. -Men employed by the season for sorting ore, and for general 
labor, receive about 32c. per day for the summer season, and about 15c. for the 
winter season, while women employed by the season receive about 20c. per day 
for the summer and about 12c. for the winter. All laborers emploved by the 
season, however, receive in addition lodging, food, fuel and water. which, excepting 
lodging, costs the employers. about 8c. per day for each person. The wages of 
peasants engaged in transporting the ore are from. 0c. to $1:25 per day, for a 
man, a wagon and two horses. All regularly employed laborers receive free medi- 
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cal attendance, and in some cases a hospital, school and church are maintained by 
the mine operators. 

The hours of labor for miners and underground laborers are 10 per day, but 
conforming to the custom of the agricultural laborers of the region all surface 
laborers, excepting afew whose work obliges them to conform to the hours of the 
miners, work from sunrise to sunset, summer and winter, with intermissions of 
one hour for breakfast, one hour at noon, and one-half hour about 3 or 4 o’clock in 
the afternoon, for tea. The average number of working hours per day for surface 
laborers under these conditions, is about 9°5. Owing to the large number of 
holidays the number of working-days per year is but 277. ; 

In 1900, 1,325 laborers were employed in and about the mines of the Nicopol 
district, exclusive of the peasants engaged in transporting the ore. These latter at 
times number 800 or 1,000. 
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Fig. 2.—PLAN OF THE WORKINGS OF THE SOFIA MINE. 


Mining.—The mines near Salt river are opened mostly by tunnels or adits 
extending into the gently sloping hillside that forms the southern slope of the 
shallow river-valley, but in one or two instances the workings are reached by 
vertical shafts at points some distance up the slope of the hill, from the outcrop 
of the bed. The practice is to open the deposits by main and secondary gangways, 
which extend at right angles to each other, and thus subdivide the bed into 
rectangular blocks, as shown in Fig. 2, AA representing the main gangways, and 
BB the secondary gangways. The main gangways are wide enough for double 
tracks and are of sufficient height to permit the passage of horses. The secondary 


gangways accommodate a single track and are high enough only for hand tram- 
ming. As the overlying clay will not stand unsupported for any considerable 
time, the gangways are closely timbered as driven. As a rule, however, it is 
necessary to lag only the backs, leaving the sides open. 
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Stopes are opened from the secondary gangways, and the ore trammed by 
hand to the main gangways, thence it is taken by horses to the shaft or tunnel- 
mouth. The main gangways should be placed a proper distance apart in order 
to avoid excessive cost for hand-tramming, but in most instances that have come 
under my obseryation, they are spaced too far apart for the best results. The 
secondary gangways are commonly spaced about 70 ft. between centers, leaving 
the shortest dimension of the blocks into which the bed is subdivided, about 
64 ft. As the surface of the clay underlying the ore deposit is substantially a 
horizontal plane, the floors of the openings are kept at this level, and when the 
required height of an opening is greater than the thickness of the ore bed, the 
overlying clay is removed. 

The ore body having been opened in this manner, stoping is commenced in 
the blocks most remote from the shaft or main tunnel. The work of stoping 
consists in driving short drifts into the blocks, from the secondary gangways. 
These drifts are opened in pairs from any secondary gangway, as at CC, Fig. 2, 
one drift being opened in the block on the right-hand side of the gangway, and the 
other directly opposite, in the block on the left-hand side. The stoping drifts are 
about 32 ft. long, and extend halfway through the block, where they meet similar 
drifts driven from the secondary gangway bounding the opposite side of the 
block. The native practice was to make the stoping drifts about 5°25 ft. wide, 
but by increasing them, wherever the ground permitted, to a width of 7 ft. the 
product of ore per man per day was largely increased. The height of the stoping 
drifts is equal to the thickness of the ore bed, none of either the overlying or the 
underlying clay being removed. The stoping drifts are closely timbered and the 
backs lagged. <A pair of stopes having been opened near the center of two ad- 
jacent blocks, and the ore removed, the timber is pulled out, which allows the over- 
lying clay to fall in and fill the opening. This usually occurs immediately upon 
removal of the timber, but in some instances the clay is so firm that it stands for 
a short time unsupported. In this operation of filling the stopes, as much of 
the timber as possible is saved for subsequent use, as, the region being remote 
from sources of timber supply, its cost is the largest single item in the expense 
of mining. The saving of timber was encouraged by the payment of premiums, 
and from 60 to 70% of the timber employed in the stopes was regained. A 
pair of stopes having been opened and filled, another pair is opened directly 
adjacent, and the operation repeated, until the whole bed is removed over the 
area embraced by the opening work. Stoping is done by parties consisting of 
two men, one mining the ore and the other tramming it to the main gangway. 
They are paid by the car, and as miner and trammer exchange places from time 
to time, each shares equally in the proceeds of the work. Timber is supplied 
them, but they are required to put it in place. Lights (candles) and other sup- 
plies are charged to them and deducted from their gross earnings, which include 
in addition to the rate per car, the premiums on timber saved. All implements 
are furnished by the operators. The ore is trammed underground in small ears 
running on steel rails, holding about 15 cu. ft., or slightly over half a ton of 
ore. They are filled in the stopes and go without rehandling to the dump. 

The mines at Salt river are at a slight elevation above the river, and are almost 
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perfectly dry, except after prolonged seasons of heavy rain, when some incon- 
venience from water is occasionally experienced. 

The ore is mined with a pick, and under the methods described, the average 
daily production of each miner is about 10 tons. The average daily quantity 
handled by the trammers is of course equal to that produced by the miners. Con- 
sidering the very favorable conditions for mining, the results obtained by the 
miners seem small in comparison with those that would probably be reached 
under similar conditions in the United States, and by the same standard of com- 
parison, the work accomplished. by the trammers appears even more unfavorably ; 
but as the day’s wage of the miners is less than one-third and that of the tram- 
mers but little over one-third of that paid similar labor in this country, the 
labor costs per ton, especially that for mining, are not high. 

Reference has already been made to the scarcity of timber in this region. The 
principal source of supply is the Government of Smolensk, from whence the 
timber is floated down the Dneiper to various points in the steppe region. ‘The 
timber obtainable for mining purposes looks exceedingly small to one accustomed 
to American practice, the diameter of the largest logs not exceeding 8 in. On 
account of the small size of the timber, and the character of the clay overlying 
the ore deposit, it is necessary to place the sets much closer together than is com- 
monly done in mining practice, the usual distance being 2°3 ft. between centers. 
As a rule no lagging is used on the sides of drifts or other openings, but slabs 
are used for the backs. 

Ore Dressing.—At the Dneiprofsky mines the crude ore is sized by trommels, 
and subsequently jigged; the products have already been referred to. At the 
mines near Salt river, however, hand-screening and sorting alone are used for 
the beneficiation of the crude ore. The process at the Pocroffsky mines is as fol- 
lows :— 

1. The crude ore is screened, separating it into two classes. 

(A) That above 0°5 in. in diameter. 

(B) That below 0°5 in. in diameter. 

2. Class A is then cleaned as described below, and hand-picked, yielding a 
product locally called “large” ore, which amounts to about 12% of the weight 
of the crude ore extracted from the mines. It contains about 47 to 48% Mn on 
sample dried at 100°C. 

3 Class B is screened, yielding two classes. 

(C) That above 0°16 in. in diameter. 

(D) That below 0°16 in. in diameter. 

4. Class C is hand-sorted, which separates the pieces of clay and other waste 
material. The shipping-ore obtained is locally known as “small” ore. It 1s 
about equal in quantity to the large ore, amounting to about 12% of the crude 
ore, It contains about 41 to 42% Mn on sample dried at 100°C. 

®. Class D, amounting to from 66 to 75% of the crude ore taken from the 
mines, and containing about one-half of all the metallic manganese carried by it, 
forms the tailings, which go to waste. This class contains about 27% Mn on 
sample dried at 100°C. 
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In making shipments the large and small ores are mixed in proportions to sat- 
isfy the conditions of sale. 

For the first screening of the crude ore the screen consists of a box-like frame, 
with a bottom of wire cloth of suitable mesh, and two handles projecting at each 
end. A quantity of ore having been shoveled onto the screen, it is taken in hand 
and shaken by two men. When the operation is complete the lump ore remain- 
ing on the screen is dumped upon a rough board table and the adhering clay 
and other foreign material removed by small hammers or pieces of iron, the 
waste material being sorted from the clean ore. The cleaning and sorting are 
usually performed by women, who are more efficient at it than men. 

In the second screening process, which treats the material passing through the 
large screens, a circular screen is employed which consists of a thin board, bent 
to a circular form, with a piece of wire cloth of proper mesh stretched over it. 
It is suspended by ropes attached to the wooden frame, from a tripod formed of 
wooden poles. The ore is shoveled onto this screen, and by a rapid gyratory 
motion, the separation of the fine waste ore is quickly accomplished. The foreign 
material is then picked from the ore remaining on the screen, which serves as 
a picking table. This second screening process and the subsequent hand-picking 
are largely performed by women. Ore cleaning and sorting are mostly done by 
small contractors, who take the work at a fixed rate per pood (36 lb.) of sorted 
ore, and hire their own labor by the day, month or season. It would seem certain 
that some mechanical washing process would give more efficient results than the 
present crude system of hand sorting. Experiments in this direction, with large 
lots of the ore, have, indeed, been made in England and Germany, and have indi- 
cated that the cost of treatment would be leas and the yield of marketable ore 
would be greater than by the present process, owing to the saving of a large pro- 
portion of the fine ore that now goes to waste. On the other hand the percentage 
of moisture in the washed product is considerably greater than in the hand sorted 
ore. Studies of this latter point and of questions of water supply have, up to 
this time, deferred the installation of a washing plant. 

T'ransportation.—Practically all the ore produced in the Nicopol district is 
transported by wagon to the Dneiper, where it is loaded on barges for shipment. 
In the case of the Dneiprofsky. mines, the distance of wagon transportation is 
comparatively small. The ore of the mines near Salt river, however, is trans- 
ported either to Nicopol itself, distant about 17 miles, or to Pocroffsk, a neighbor- 
ing village, about 12 miles distant. This transportation is performed by the 
peasants of the surrounding country, who, with their wagons and horses, are hired 
for the purpose by the mine operators at a fixed rate per pood of ore carried. In 
addition to the transportation, this price includes a rough screening, loading and 
unloading. In loading the wagons, the ore is taken from the piles into which it 
has been placed by the ore-sorters and first thrown with shovels against a screen, 
one end of which rests on the ground, and the other upon a prop, to hold the screen 
in a steeply inclined position. The fine particles of ore, which contain more 
foreign matter than the coarser pieces, are thus separated, and the coarser part is 
then shoveled into boxes holding from 200 to 250 lb., and transferred to the 
wagons, which carry a load of about one ton. At the river the ore is discharged 
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from the wagons onto a stock-pile, the wagons driving on top of the latter, and 
unloading by shoveling, or by upsetting the wagon-box, or sometimes the entire 
wagon. 

The average ‘price paid for transportation from Salt river to Nicopol is about 
8%c. per ton, while from Salt river to Pocrofisk the rate averages about 75c. per 
ton. 

The disadvantages of this means of transportation are severely felt by the 
mine operators; its inherent expensiveness, the fluctuating and uncertain supply 
of wagons, the changes of weather with the consequent bad condition of the 
roads, all militate against the prosecution of the industry. It seems probable, 
however, that improved facilities for transportation to the Dneiper will be avail- 
able in the near future, as a railroad was commenced in 1901, and will, it is 
expected, be completed in 1903. The route crosses the Dneiprofsky mines and 
passes the Pocroffsky mines at a distance of 10 versts (6°7 miles). A branch 
will extend to Nicopol, and a branch connection with the Pocroffsky mines is 
contemplated. 

For further shipment the ore is rough screened and transferred from the storage 
places at the Dneiper to barges having a capacity of about 350 tons. The ore is . 
transferred on stretchers, each consisting of a rectangular wooden frame, the ‘two 
longest sides projecting so as to provide two handles at each end, a piece of canvas 
being stretched across between the two short sides of the frame, for the reception 
of the ore. Two men carry a load of about 180 Ib. The cost of loading barges in 
this manner is about 8c. per ton, screening included. 

If the destination of the ore is one of the steel works in southern Russia, it is 
usually taken from Nicopol or Pocroffsk, up the Dneiper to Alexandrovsk, and 
transferred to the railroad. If it is for foreign shipment, it is taken down the 
river to Nicolaieff, where it is transferred to ocean-going vessels. 

In conclusion I desire to express my obligations to the directors of the Nicopol- 
Marioopol Mining & Metallurgical Co., of St. Petersburg, for permission to use 
information gathered while in its employ, as well as for facts communicated 
especially for the present paper. Information has also been kindly given by 
Mr. Thomas E. Heenan, United States Consul at Odessa. 


MICA. 


THE total production of sheet mica during 1901 was 360,060 lb., valued at 
$98,859, a considerable decrease from the quantity produced in 1900. The total 
production of scrap mica during the year is estimated at 2,165 short tons, valued 
at $19,719. North Carolina registered an increased production in sheet mica, 
but the scrap mica produced was considerably less than the production of 1900. 
The imports of both sheet and scrap mica increased correspondingly to the de- 
creased domestic production, for mica may be imported from Canada and India, 
especially the latter country, at much lower prices than it can be obtained in the 
United States. The consumption of sheet mica in stoves, and of the smaller discs 
and irregular shaped pieces for insulation and electrical purposes has increased 
during the year, keeping pace with the increased production of machinery and 
fittings. A new use for mica scales or finely ground mica, according to U. 8. 
Patent No. 667,488 of February 5, 1901, issued to G. H. Brabrook, of Taunton, 
Mass., is to combine one part of mica mixed to a thin paste with water and add 
about three parts of plaster of Paris. After thorough incorporation the mixture 
is cast on the pattern of the mold desired, dried at from 250° to 300°F. for from 
10 to 12 hours, until the molds are apparently dry, when the temperature of the 
ovens is raised to about 1,000°F. for from 2 to 3 hours. The molds are then 
allowed to cool slowly. When cool molds of this kind may be used for casting 
metals of any kind, and are particularly adapted for small sharp castings, and 
also castings of considerable surface but thin and light body. Messrs, Reed & 
Barton, of Taunton, Mass., have obtained control of the patent. 

United States Patents Nos. 686,929 and 686,930, of November 19, 1901, were 
issued to R. W. Heard and R. A. L. Snyder, of Pittsburg, Pa., assignors to the 
Mica Machine Co., of Pittsburg, Pa., for a method of and machine for the pre- 
liminary releasing or lessening of the bonds or force naturally uniting the ad- 
jacent sheets or lamin of mica. The material, after preliminary treatment, is 
made to adhere to a prepared surface by suitable binding material, the flakes 
evenly distributed, and the non-adhering ones brushed off, when the artificially 
formed sheet or film is ready for use. 
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PRODUCTION OF MICA IN THE UNITED STATES. 


1900. 1901. 
Ieee ree Abpea la wey Aa Es 
State. i Sheet. : Scrap. Seaharace oe Scrap. 
Short 
Pounds! Value. ae Value. | Pounds) Value. | Tons. Value. 
(EERO IS) eo rr aay a ssc is Te 
(a) (a) 
New Hampshire..........ssscereeeeesececrces 25,241 | $11,858 | 2,405 | $21,645 65,800 Me are arelaisek 250 A ehieeais 
North Carolina and Virginia.......+++++++++: 34,500 | 24,150 | 2,790 19,530) 266,160 |......-- a7] en aicee 
GOUsl DAKOLAL: orccss crouse cocede veewenevar cel 65,000 | 45,000] 222 1,554| 25,000 |.......-feeeeees ak ee 
Other States......sseceecesvccvececesceseecese 2,500 2,000 20 160} 8,100]........ HAG! Voisiareteree® 
Totals. ..ccccccccecccececcesecccseesececes 127,241 | $82,508 | 5,417 $42,889) 360,060 | $98,859 2,171 | $19,719 
(a) Not given. 


California.—Late in 1901 a deposit of mica of the muscovite variety, with a 
mica schist hanging wall and granite foot wall, was discovered in the Piru 
wining district, Ventura County. The mica intrudes through feldspar, and 
consists of both mass and book mica. Active development of the deposit is 
promised during 1902. 

Idaho.—The mica deposits situated in the Robinson mining district, Latah 
County, about 18 miles from the Northern Pacific Railway, are operated through 
a 600 ft. cross cut, and 500 ft. upraise, enabling the recovery of the mica at 
about $5 per ton for mining. The output during 1901 was slightly greater than 
that of 1900. 

North Carolina —The output of sheet mica increased considerably during 
1901, but this increase was offset by a decreased output of scrap mica. The 
J. E. Burleson Mica Co. was organized during the year to mine and manufacture 
mica at Marion. 

South Dakota.—The Black Hills Porcelain Clay & Marble Co. made small 
shipments of mica from Custer County during the latter part of 1901, and 
early in 1902 made two 150-ton shipments. The Crown mica mine owned by the 
Chicago Mica Co., made regular shipments of from two to four carloads per 
month, to the company’s plant at Valparaiso, Ind. The Daly mine, owned by the 
same company, is said to yield the largest books of mica of any company in Custer 
County. Early in 1902 articles of incorporation of the National Mica Co., capi- 
ialized at $1,000,000, were filed. The company will work mines in Custer County. 

Canada.—The Mica Boiler Covering Co., Ltd., of Toronto, with factories in 
Montreal and London, England, is the principal home consumer of Canadian 
mica. The factory at Montreal employs about 50 workers and consumes daily 
one ton of crude mica. The mica is cleansed by machinery of special design, and 
is then made into the required products in other sets of machinery. The mica 
mines of Quebec produce annually large quantities of white and amber sheet 
mica, besides a considerable quantity of the small flakes used in electrical in- 
sulating material. The mica mine at Perkins Mills, Quebec, owned by Messrs. 
Blackburn Bros., of Ottawa, is the largest producer in Canada. Its output during 
1900 amounted to over 200,000 lb. of thumb trimmed mica, while that of 1901 
was slightly larger. The shipments from Quebec during 1900 were, in detail : 
338.200 lb. of 1-3 in. mica, valued at $31,860; 92,359 Ib. of 2-3 in., valued at 
$18,534; 71,332 Ib. of 2-4 in., valued at $24,953; 25,637 Ib. of 3-5 in., valued 
at $15,706; 11,762 lb. of 4-6 in., valued at $11,451; 1,995 lb.of 5-8 in., valued 
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at $2,696; total, 541,285 lb., valued at $105,200. Besides the above there were 
still in hand 64-5 short tons of thumb trimmed mica, valued at $33,400, forming 
a total product of 335 short tons for 1900, valued at $138,600, not including 
stocks of raw mica at the mines. The total production of mica for Canada for 
1901 was valued at $160,000, against a value of product during 1901 amounting 
to $166,000. 

India.—The Madras Board of Revenue, early in 1902, amended the rules for 
mica mining in the Nellore district to conform to the general mining rules of © 
the Government of India. This action was made necessary by the fact that 
speculators had located and obtained mining leases which they had no intention 
of working, and held for merely speculative purposes to the restriction of the 
genuine operations of the district. Applications for mining leases must now be 
accompanied by a deposit of 500 rupees, or such sums as the discretion of the 
Government may determine. 


THE Mica Inpustry oF New Hampsuire. 


By ALBERT J. HOSKINS. 


THERE are at the present time in this State about 300 abandoned properties, 
50% of which should pay a fair percentage on money invested, if they were 
legitimately operated. Yet companies owning these properties cannot give a 
good title on account of litigation or obstructive agreements entered into by 
their stockholders. 

‘Lhe two companies situated in Groton, the Palermo and the Valencia mica 
mines, both of which were operated several years ago, were operated legitimately 
for a number of years, and the immense output obtained yielded handsome 
profits, also the old Ruggles mine, of Grafton, and the Alstead, of Cheshire 
County, were dividend payers, when the work was honestly carried on. But 
even these properties which were once so valuable and have produced mica out- 
put valued at over $1,000,000, are so tied up with litigation and stock-jobbing 
corporations that it is impossible to get a title that would warrant the invest- 
ment of capital. 

There are still several good prospects in this State that would undoubtedly 
bring good returns if properly managed, and if not incorporated under fictitious 
values. New Hampshire, according to statistics, has furnished more mica than 
any other State in the Union, having furnished at one time 80% of the annual 
production of the United States. Its mica has always had the preference in the 
open market for excellence in quality. - The present discouraging conditions un- 
doubtedly will shortly be overcome and New Hampshire will again rank as the 
leading producer in the United States. 

The Union Mica Co., of New York City, owns the only plant operated in 
Groton during 1901, which is wholly engaged in the manufacture of mica special- 
ties used in connection with electrical insulation. The product is known as 
compressed mica or mica-board, and is made from refuse mica, The process of 
manufacture is a simple one. The mica is first split up into very thin slices and 
built up in a form to the desired thickness, shellac being used between each piece 
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in the form of cement. It is then subjected to a pressure of 2,000 lb. to the 
sq. in., and pressed to a definite thickness. It is next steamed and placed in a 
mold to procure the required shape, and completed by placing in a kiln and 
hardening. 

A large number of molds and forms are necessary for the making of various 
shapes required by the trade. ‘The amount of crude mica necessary for the 
manufacture of mica-board specialties is very small, one ton of waste mica will 
sometimes make finished material valued at $1,000, labor being the greatest item. 

Of the two mines in operation during 1901 and 1902 in Alstead, the Davis 
mine, which is the property of the Davis Mica Co., of Keene, employs about 10 
men, and averages to produce one ton per day, which is customarily sold in the 
rough. The mica after being blasted out undergoes a hand dressing (rifting), 
in which operation the refuse or cracked and stained mica is split off. The 
remaining clear and free splitting mica is trimmed and assorted to four grades 
or sizes. No. 1 grade measures either 4X6 in. or 6X8 in., and sometimes larger. 
No. 2 grade averages from 3X4 in. to 4X6 in. No. 3 grade averages from 
2x4 in. to 3X4 in. No. 4 grade averages from 1 in. to 2X4 in. Mica of No. 4 
grade is known and sold as rough trimmed mica. The waste or trimmings are 
sold to the mills for grinding purposes at from $15 to $20 per ton. 

The old Bowers mine, owned by Henri Picard & Co., of New York City, is 
operated on a larger scale than the Davis mine. About 25 men are employed 
in the mines and mills, the average output of the mines being two tons per 
day. Highty per cent of this product is ground at the mills into grades ranging 
from 10 to 200 mesh to the inch. The grade most in demand is No. 40, which is 
used extensively in the manufacture of electrical insulating buttons, over 300 
tons per annum being absorbed for this purpose. Owing to the changes of style 
in wall papers during the past two seasons, the demand for mica ground to 
160 to 200 mesh to the inch is declining. The demand for the coarser grades 
meanwhile is increasing steadily. The prices in June, 1902, for ground mica 
ranged from $40 to $100 per short ton, f. o. b. mills. 


MOLYBDENUM. 


Tue production of molybdenum and ferromolybdenum in the United States 
during 1901 amounted to 35,000 lb. and 16,000 lb., respectively. The price 
for molybdenum metal ranged from $1°55 to $2 per lb. 

The production of molybdenite in the United States during 1901 amounted 
to but 10 or 15 long tons which, however, furnished but a very small proportion 
of the domestic consumption of the metal. The value of the production varied 
from 10c. to $1:10 per lb., and to be marketable the ore must contain over 
45% Mo and must be free from copper. The average price of an ore containing 
from 50 to 55% Mo is about $400 per ton. The demand for the metal 
molybdenum has been largely increased in recent years due to the property 
possessed by the metal to render chrome steel self-hardening. It is claimed that 
the self-hardening property can be imparted to chrome steel by the addition of 
one-half the quantity of molybdenum, as compared with tungsten. 

L. F. Kollock and Edgar F. Smith? precipitate molybdenum electrolytically 
from solutions acidified with H,SO, or HC,H,0, as a black, adherent coating of 
hydrated molybdenum sesquioxide which is dissolved in HNO,, ignited and 
weighed as molybdic acid. Analyses of molybdenite may be hastened by apply- 
ing this method to the aqueous solution of the fusion with Na,CO, and NaNO,, 
with the precaution to use HC,H,O, if sulphur is to be determined. 

The volumetric determination of molybdenum steel is described by F. 'T. Kopp. 
Dissolve 0°5 g. of the sample in a large platinum crucible with 2 cc. of H,SO, 
(sp. gr. 158) and 12 cc. of water, evaporate and add 30 g. of fused KHSO,, 
fuse carefully, cool and dissolve in 500 c.c. of hot water; digest at boiling point 
until solution is clear, add 100 ¢.c. of ammonia and make liquid up to a liter. 
After mixing remove precipitate by passing through a dry filter; take 500 c.c. of 
the filtrate, add 40 c.c. of H,SO, and reduce the solution by passing through a 
column of zine (Jones reductor). Add 10 cc. H,SO,, filter and titrate the 
reduced molybdenum in the solution with permanganate. A blank test is made 
with a solution containing 450 c.c. water, 50 ¢c.c. ammonia and 40 c.c. of HLSsO, 
as a check for the errors caused by the impurities in the zinc. A similar process 
is used for ferromolybdenum with the exception that at first 0°5 g. of the sample 
is dissolved in 15 c.c. of strong HNO, before evaporating with H,SO, without 
the addition of water. 

Molybdenum alloys are produced in the electric furnace by the reduction of 
molybdenum oxide with oxides of other metals as described under the caption 
“Tungsten,” elsewhere in this volume. 


1 Journal of the American Chemical Society, August, 1901, pp. 669-671. 
2 Ibid., February, 1902, pp. 186-188. 


MONAZITE. 


Tux production of monazite in the United States during 1901 amounted to 
748,736 lb., valued at $59,262, as compared with 908,000 lb., valued at $50,680 
in 1900. While the output of 1901 is less than that of the previous year it is 
of greater value, due in part to the better quality of product, which was more 
highly concentrated, and in part to the increased price. It is quite probable that 
the thoria content of the output of 1901 equalled the larger output of 1900. The 
greater part of the output of 1901 was obtained from Burke and Cleveland 
counties, N. C., although small quantities were also obtained from McDowell and 
Rutherford counties, N. C., and from South Carolina. Early in 1902 a tract 
of 353 acres of monazite land near Hllenboro, Cleveland County, Ni Charts 
reported to have been purchased for a number of German manufacturers. 
The prospect for an increased production of monazite during 1902 is very promis- 
ing. The demand for Carolina monazite has increased on account of the in- 
creased price of the Brazilian product resulting from the recent control by one 
concern of practically all the monazite properties in Brazil. 


PRODUCTION OF MONAZITE IN THE UNITED STATES. 


Year. | Quantity. { Value. Year. Quantity. | Value. 

Baer ieee PE gaat re sede eal STA || Sal SEE 
Pounds. Pounds. 

BOS vo iiviecisieccie «ais c.cice cieesis'e s ere,0ie 180,000 $7,600 WQOB ae acca wslselte ceicee sous 150,000 $7,500 
GDA <i Wie cieteieieiavseloie.erele cisie sicioleieis 750, 0! 45,000 TOQOW carerc oc Gere cre cicreraiviece eversitiv’eins 830,000 18,480 
WED aro icckiee wiels wiv eloisleietevsisiaisiseisies 1,900,000 114,000 TOMO) soci sic diaiateins 8s sjnie cies siers io 8 ste 908,000 48,805 
USO cc cnctsials sree 8 wicieleicvere'e.an siege 4500 8 OO Nea rtvara: sicteiels, </e.a loin eielofaisie's emcanera 748,736 59,262 
LSB Ferrata cataiaaleterecetarelsiete cialoteress 40,000 2,000 


The following is a recent analysis of monazite from New Granada which has 
been reported by Nicholas J. Bluman: Ce,0, 25°02%, La,0, 22°41%, 
ThO, 18-00%, MnO 1:21%, CaO 2°13%, SnO, 300%, P,0; 28°23%, Fe, Zn, 8, 
traces; total, 100:00%. The sp. gr. of the mineral is 6, hardness 5, and color 
reddish-brown. 

According to United States Consul-General Richard Guenther, of Frankfort, 
under date of April 7, 1902, the Brazilian Government has recently granted to 
a German, for 10 years, the exclusive right to develop the monazite-sand deposits 
along the coast of Brazil, and a company is being organized at Berlin to acquire 
control of this privilege and to exploit similar deposits elsewhere. 


PRODUCTION OF NATURAL GAS. 


By F. H. Oureuant. 


Tue total value of natural gas produced and sold in the United States during 
1900 was $23,606,463, of a quantity of the value of $23,156,616 was sold in the 
Appalachian and Lima-Indiana fields east of the Mississippi river, leaving 
$449,847 to represent the sales west of it, which amounts to less than 2%: of 
the total sales. The value of natural gas used in the United States is gradu- 
ally increasing, the production for 1901 is estimated at $27,500,000, which is 
almost 40% of the value of the crude petroleum produced for the same time, 
and represents a delivery of 171,875,000,000 cu. ft. of a fuel equivalent of 
8,500,000 tons of coal. This amount of natural gas is drawn from 12,000 wells, 
and distributed through 24,000 miles of main line pipe from 2 to 36 in. in 
diameter. The consumption of natural gas in the United States has been greatly 
increased in those sections which are favorably located in respect to the gas 
supply. Although many of the older pools have been practically exhausted, 
newer ones are being discovered and an extension of the pipe-line systems, both 
in length and capacity, has been all that was necessary to maintain a supply 
for the increasing demand of the consumers. Kansas will show a large gain 
in its yield over the previous year, and West Virginia, with its immense areas 
of deeply buried sandstones saturated with natural gas under enormous pressure, 
has each succeeding year furnished an increased supply. The full value of this 
ever ready and convenient fuel will only be appreciated when it can no longer 
be obtained. 

Hand in hand with the production of petroleum, that of natural gas occurs 
in the Appalachian and the Lima-Indiana field. The two are invariably asso- 
ciated, and have a common source. The gas occupies the higher portions of the 
arched rock-sealed reservoirs, while the petroleum, from its greater gravity, 
seeks the lower levelin the same strata. It is to be regretted, however, that in 
many of the older gas fields of Pennsylvania, Ohio, and Indiana, the great natural 
store of this most precious fuel has already escaped through the numerous drilled 
wells that have punctured it, and immense quantities have been wasted by the care- 
less and extravagant manner of its use when first introduced. The lesson of its 
value was learned too late in many cases to preserve but a fraction of what was 
originally pocketed and sealed in the reservoirs of the rocks. When first found 
it was allowed to blow off into the atmosphere with a noise that was appalling, 
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and an extravagance that was shameful. All other fuels need some preparation 
to fit them for combustion, but with natural gas none is necessary. The supply 
of gas is easily regulated, and it is ever ready as a source of the most economical 
power when exploded in the gas engine, and, in connection with the Wels- 
bach mantle, is a source of a most brilliant and inexpensive illuminant un- 
rivalled by any other artificial light. It may rightly be classed as the sourca 
of the most economical and efficient heat, light, and power known in nature. 
As a source of power it has been demonstrated to be more economical than the 
most efficient triple expansion engines, and its economical method of transporta- 
tion in pipes of large and small diameters has brought it into many thousands 
of households in western New York, western Pennsylvania, eastern, central, and 
western Ohio, and eastern and northern Indiana. It is also an ideal fuel in the 
manufacture of steel, iron and glass, and is an ideal fuel for furnaces. 

Natural gas is especially valuable to the petroleum producer. It is generally 
associated with petroleum, often in the upper strata of the same well, and can 
be taken from the casing head of the nearest producing well; it thus becomes a 
source of most economical power for pumping a group of wells. From 30 to 50 
wells in many localities are operated by a single gas engine. There is no boiler 
to require the constant attention of an attendant, as all that is necessary with 
the gas engine is at intervals of from six to ten hours to be sure that the lubri- 
cating cups contain sufficient oil. 

When the pressure has failed to some extent in the gas wells, by reason of 
the withdrawal of large quantities, and the capacity of the pipes to convey the 
gas to market thereby lessened, large pumping or compressing plants have been 
erected. Many of these plants are models of the highest mechanical efficiency. 
The more recent compressors are of large capacity, and use the natural gas itself 
as a motor in driving the gas to the points of consumption. These compressors 
dispense entirely with the boiler, develop 1,000 H.P., and weigh as much as 
250 tons. A careful test made by experienced engineers of one of these large 
compressor engines of natural gas used in Pennsylvania, demonstrated that less 
than 10 cu. ft. of natural gas at or near atmospheric pressure developed 1 H.P. 
An illustrated description of this type of engine is given elsewhere in this section. 


TABLE SHOWING THE COMPARISON OF COAL AND NATURAL GAS PER INDICATED 
HORSE POWER PER HOUR. 


Equivalent of Gas and Coal to 
produce 1 H.P. per Hour. 
Type of Engine. 


Gas. Coal. 
Cubic Feet. 

NatiibAl od ONEINCs casei sores suicas. eacen ses cmniels ontplemee tome ue cite 13 as: ~~ on 
Triple expansion Condensing ENGINE. .......sceceeee sere see eeveseeceeerenes 16 1°6 
Double expansion condensing CNgiNe.........eeceecececsceenerceceeeenaes 20 2°0 
Single cylinder and Cut-Off........ccceece cece teers serececesescescescees seas 40 4:0 
Ordinary high pressure, NO Cut-Off. ....ccssseeceeeerceeecseceseeseeseneencs 75 U5 
Ordinary oil well drilling and pumping engine...........seeseseeeeeeveene 130 13°0 


All natural gas has a high calorific power. It is composed of 93 to 97% of 
Marsh gas (CH,) which requires for the latter percentage 10°5 times the volume 
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of ordinary air for complete combustion under the boiler or in the cylinder 
of the gas engine. Under boilers properly proportioned to their work in ordinary 
condition, 1 cu. ft. of natural gas has evaporated 1 lb. of water from and at’ 
212°F., which gives 966 B.H.U. to the cu. ft., or 16 cu. ft. of natural gas 
equal to 15-456 B.T.U., the calorific value of 1 lb. of petroleum. Therefore 
16 cu. ft. of natural gas have the same value under similar boilers, as 1 lb. of 
petroleum; or 16 cu. ft. of gas will equal the calorific value of 30 cu. in. of 
petroleum. 

In the combustion of natural gas the best results have been secured from a 
burner with a series of small openings about 0°0625 in. (74 m.) to 0°1563 in. 
(3 m.) or less in diameter, under a pressure not greater than from 4 to 6 oz. 
to the sq. in. This is conveyed through a tube 1:5 in. in diameter and 16 to 18 in. 
long surrounding each jet of gas, with proper openings at the bottom of the 
tube to admit the air. It is constructed on the principle of the old Bunsen 
burner, with which every student is supplied at the beginning of instructions in 
analytical chemistry. 


THE PRODUCTION oF NATURAL GAS IN THE UNITED STATES, 
By W. H. Hammon. 


NATURAL gas is the most perfect and convenient fuel known. It is found in 
nature perfectly prepared for use, stored in immense reservoirs under such high 
pressure that, when tapped by the drill, it furnishes the power to transport itself 
hundreds of miles through pipe-lines to the consumer. No artificial gas com- 
pares with it in heating power, 1 cu. ft. of it being sufficient, with proper appli- 
ances, to evaporate a pint of water. It is instantly available for use by merely 
turning the valve and the fire can be extinguished the moment the service is 
completed. When properly burned, it leaves no soot, ashes or other residue. 

Among some of the nations.of Asia, notably China and Persia, the use of 
vatural gas “antedates authentic history,” and in the United States, its existence 
has been known for more than a century. In 1775, General Washington, while 
locating lands received in payment for military service, visited a burning spring 
on the Great Kanawha river near the site of the present city of Charleston, 
W.Va. He pre-empted the tract containing the spring and dedicated it, together 
with an acre of surrounding ground to the public forever. 

The first recorded use of natural gas in the United States was in 1824, at 
Fredonia, N. Y., where it was piped from a well to illuminate the village inn 
in honor of the visit of General de Lafayette. 

A few years later, in 1841, Wiliam Thompkins struck a large flow of gas 
just above the burning spring in the Great Kanawha valley, and used the gas 
for heating salt furnaces. Early in the history of oil-well drilling, which began in 
1859, the waste gas which almost invariably escapes from oil wells was used 
for firing the boilers of the drilling engines, and it was very soon piped to houses 
of the oil producers,. where it was used for light and fuel, and large out-door 
flambeaus were burned at the wells. In 1872, the first natural gas plant was 
formed, and a 2-in. line laid from the Newton well to furnish gas for domestic 
use in Titusville, Pa., five and a half miles distant, but it was not until 1874 
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that its great value as a manufacturing fuel was demonstrated. In that year 
Messrs. Rodgers & Darchfield began to burn it under boilers and for all the 
puddling and heating furnaces in their plant at Leechburg, Armstrong County, 
Pa. The advantages and conveniences were at once apparent, and the use rapidly 
increased. By 1887, 96 rolling mills and steel works were either wholly or in part 
supplied with this fuel, and by 1890, it is estimated that it displaced annually 
10,000,000 tons of coal. 

In the earlier days of its production, the original “rock” pressure of the wells 
(the pressure of the reservoirs as shown by closed-in wells) was so great and the 
producing area so extensive that the supply of gas was believed to be practically 
inexhaustible. As a result the gas was wasted in the most extravagant manner. 
Wells were permitted to discharge their product into the air and little or no 
effort was made to check the flow. Frequent escape pipes and flambeaus were pro- 
vided to lessen the pressure on the pipe-lines and to consume the surplus gas. No 
effort was made to measure the amount furnished to a consumer, and as a conse- 
quence it was burned in a very wasteful manner. However, between 1885 and 
1890, the earlier fields began to show unmistakable evidences of depletion, and 
as a result, the gas became more valuable. Meters and other saving appliances 
were employed and, while the quantity of gas consumed probably decreased in 
five or six years to less than half the former yield, the price was increased to such 
a degree that the total value of the product showed but little decline. Since 
1895 the value has increased, and since 1898 both the amount and value of gas 
consumed has increased until in 1901 the value of the product probably ex- 
eceded $25,000,000. The amount sold in 1900 was 127,000,000,000 cu. ft., and 
if the rate of increase continued during 1901, as the statistics of some of the 
largest gas companies indicate, the amount consumed was 150,000,000,000 cu. ft., 
equivalent to one cubic mile. The largest gas holder yet constructed is of 
5,000,000 cu. ft. capacity, and the supply during 1901 would be sufficient to fill 
it 80,000 times, an amount which would furnish nearly 1,000 cu. ft. per month 
tc every family in the United States. 


GAS WELLS. 


The supply of gas is obtained from more than 10,000 wells of depths varying 
from a few hundred feet to more than 3,000 ft., and of an aggregate depth 
which would penetrate from the surface almost to the center of the earth. Three 
thousand miles of casing and tubing are in these wells. 

The rock pressure of these wells varies greatly. In old, depleted territory it 
is practically nothing, and the only way of securing an additional supply is 
by diminishing by means of pumps the pressure at the mouth of the well below 
that of the atmosphere. However, in new fields, especially those drilled to the 
deeper sands (2,500 to 3,500 ft. deep) the pressures frequently exceed 1,000 Ib. 
to the sq. in. Some of the largest wells known, if unconfined, would discharge 
into the air at least 25,000,000 cu. ft. per day, although an average “open flow” 
volume is probably not more than 250,000 cu. ft. The quantity actually obtained 


is but one-fifth of this amount, as most wells discharge against more or less 
line pressure and under normal conditions quite a large proportion of the wells 
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_are “shut in” as a reserve supply until needed. The roar resulting from the 
“blowing off” of some of the largest wells into the open air is terrific. Formerly 
it was considered impossible to shut in some of the largest wells until they 
had become partially exhausted.” It was several months after the “Big Moses” 
well in Tyler County, W. Va., was “struck” before it was controlled. The roar 
was so great that voices could not be heard within 200 ft. of the well: When the 
Robinson well, in Wetzel County, W. Va., was struck, six years ago, it was deemed 
unsafe to confine the gas, and the pipe-line was laid to the well, the connections 
made, and the gas turned into the line, without shutting in the well. The gate 
on the well was not closed until four years after it was drilled. In 1844, while 
drilling a salt well in West Virginia, near the burning spring referred to above, 
so strong a flow of gas was struck that it threw the drilling tools, weighing about 
1,000 lb. out of the hole. Since then there have been several instances of much 
heavier tools being forced out of the hole by the pressure. 


DRILLING WELLS. 


The means employed in drilling gas wells are identical with those in use in 
drilling oil wells. When the tocation is selected a rig is erected which consists 
of a derrick about 80 ft. high, an engine house and a connecting belt house. From 
the main sill of the derrick a strong Sampson post is erected, upon which is 
balanced the walking beam. This is operated by the engine connected at one end, 
while from the other end the tools are suspended by a strong cable, one end of 
which passes over the crown pulley in the top of the derrick and is then attached 


to the bull-wheel shaft, a huge windlass at the side of the derrick. The free 
end passes down the well and to it the drilling tools are attached. A temper 
screw connects the cable and the walking beam consisting of a long screw at- 
tached to the cable, while its nut and “reins” are attached to the walking beam 
so arranged that by turning the screw the tools are lowered into the well. 
The tools proper consist of a rope socket, jars, auger stem and bit. Altogether 
a string of tools used for drilling deep wells is between 60 and 70 ft. long 
and weighs about 4,000 lb. The drilling bit is a heavy, blunt, chisel-shaped steel 
drill. The only other tool in the string worthy of especial mention is called the 
“Jars”; these are two strong links arranged to admit a free vertical movement of 
two or three feet. 

In operation, the walking beam alternately raises and lowers the tools, which 
are so adjusted that when the beam is at its maximum elevation, the bit is elevated 
about a foot above the bottom of the hole. Then as it falls, the bit first strikes 
the rock a sharp blow, due to its own weight and that of the stem. The slack 
resulting from the remaining fall of the beam is taken up in the jars, the links 
cf which thus separate several inches. As the beam rises, the cable is first lifted 
until the slack in the jars is taken up when the tools receive a sharp tap which 
loosens the bit from the rock and permits it to rise for the next blow. As the 
drill cuts the rock, it is lowered by revolving the temper screw at the top of the 
well. When the screw is run out, the cable is loosened from the temper screw 
and wound up on the bull-wheel shaft, thus lifting the tools out of the hole. 
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The bailer is then lowered and the drillings removed. The tools are again in- 
serted and the drilling progresses as before. 

In southwestern Pennsylvania and West Virginia the hole is first made about 
15 in. in diameter to a depth of about 15 ft. and a conductor inserted. Below 
this is drilled a hole about 13 in. in diameter through the principal Coal Measures 
and a 10°25-in. casing is inserted to case out the sulphur water found in the . 
coal. A 10-in. hole is then sunk for 500 ft. to 1,500 ft. through the salt sand 
which frequently contains vast quantities of water and the 8°25-in. casing 1s 
inserted. Inside this is then drilled an 7-in. hole until what is known as the 
“Big Injun” sand is reached at about 1,500 to 2,000 ft. when the 6°625-in, casing 
is inserted. Below this point the hole usually remains dry, and a hole about 6:5 in. 
in diameter is continued to the bottom. However, it is still sufficiently large to 
admit of inserting a 5"1875-in. casing if the conditions should require. The cost 
of drilling a well, including the rig, casing, ete., varies from about $1,500 in the 
shallowest territory, to nearly $10,000 in the deepest sands of West Virginia. 


Prer LINES. 


In the handling of natural gas a system of pipe-lines is necessary to connect 
the producing wells and the cities and towns where the gas is consumed, as well 
as an additional system to distribute the gas throughout the cities to the indi- 
vidual consumers. In the earlier period of the industry it was not believed pos- 
sible to conduct gas at high pressure for great distances, and in the light of 
present knowledge it seems incredible that less than 25 years ago it was believed 
by a few that gas, being elastic, could not be forced through lines at high pressure, 
under the erroneous idea that the friction on the sides would retard the flow, while 
the continued inflow would increase the pressure sufficiently to burst the pipe. - 

In 1881, Spang, Chalfant & Co. piped gas from Millerstown, Pa., to their mills 
on the Allegheny river opposite Pittsburg. One of the first large gas mains 
of any considerable length was laid in 1882, by Mr. J. C. McDowell for the United 
Pipe Lines, which have since been included in the National Transit Co. It was 
an 8-in. line 20 miles long, connecting a well near Wilcox, with the pumping 
station at Colegrove, McKean County, Pa., where it supplied the boilers. About 
the same time, a line was laid from McKean County, Pa., to Buffalo, N. Y. 
Between 1882 and 1885, natural gas came into general use in most of the cities 
and villages of western Pennsylvania and southwestern New York. 

As the adjacent fields became depleted, the gas has been brought from greater 
and greater distances through pipe-lines until at the present time Pittsburg is 
receiving gas from Doddridge County, W. Va., more than 100 miles distant; 
Akron and Canton, Ohio, from Wetzel County, W. Va., a distance of 150 
miles; and Chicago from central Indiana. Arrangements to conduct gas more 
than 200 miles from the source of supply are now reported to be in progress. 

The pipes used for these conductors vary in size from 2 in. to 3 ft. in diameter. 
For the most part the pipe is wrought iron or steel. The smaller pipes (10 in. 
in diameter and under) are usually made of screw-joint pipe, although in the 
last few years plain end pipe with couplings and rubber packing has become very 
popular, and is in a large measure taking the place of screw pipe, it being 
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equally cheap in cost and is more readily laid. Sizes from 10 in. to 2 ft. in 
diameter are frequently laid with “Converse” pipe, which consists of plain end 
pipe with the joints of heavy cast-iron sleeves or bubs fitted by molten lead which 
is caulked into the space between the pipe and the sleeve. The disadvantage of 
this joint is one common to all lead joints in that the packing material, being 
inelastic, becomes loosened by the settling of the pipe and by the slight movement 
due to changes in temperature. By a re-enforcment with rubber packing pressed 
against the outside of the joint by iron clamps, a very satisfactory connection 
is made, and frequently a pipe-line of this construction has been operated to 
upward of 300 Ib. pressure to the sq. in. Pipes above 2 ft. in diameter are either 
cast-iron water-pipe or steel pipe riveted after the method of boiler plating. A 
line of riveted steel pipe, 36 in. in diameter, extends from Pittsburg 20 miles 
to the southward, and cost to construct approximately $50,000 per mile. In times 
of maximum demand it passes daily over 100,000,000 cu. ft. of gas. 

The length of pipe of all sizes in the various transportation systems of this 
country is from 15,000 to 20,000 miles. In addition there are from 7,000 to 
10,000 miles of pipe in the various distributing systems in cities using natural 
gas. ‘Thus in the aggregate there is approximately 25,000 miles of natural gas 
pipe-lines in operation. 


PuMPING MACHINERY. 


For the most part the power necessary to transport the gas through the pipe- 
lines is furnished by the natural rock pressure of the wells. In many places how- 
ever the well pressures are so nearly exhausted, or the distances to be transported 
aré so great, that this source of power is insufficient, and it is necessary to supple- 
ment it artificially by pumping. Where the pressure is small and the lift 10 lb. 
or less, as in drawing gas from depleted territory for nearby consumption, some 
form of rotary blower has been used successfully, but for higher pressures a 
cylinder gas compressor is necessary. Among modern gas pumping machinery 
are some of the finest specimens of mechanic art. Probably nowhere has a 
greater amount of work been done with the same expenditure of fuel than has 
been accomplished in gas compressors; in fact, it is doubtful if the results have 
been equalled in any other power plants. An indicated horse power has been 
maintained for one hour with less than the equivalent of two-thirds of a pound 
of coal. Thirty cubic feet of gas have been compressed from atmospheric pressure 
to 270 lb. gauge pressure with the expenditure of but 1 cu. ft. of gas in producing 
the power. This result was, of course, obtained only by the use of a gas engine. 
The importance of this new design of engine to the natural gas industry is so 
great that a complete description of it is warranted; the one given below has been 
furnished through the courtesy of Mr. KE. C. Lufkin, of the Snow Steam Pump 
Works. 

The machine illustrated by the half-tone photographic cut (Fig. 1) is de- 
signed by Mr. John 8. Klein, of the National Transit Co., Oil City, Pa. This 
engine has four single-acting power cylinders 25 in. in diameter of bore X 48 in. 
stroke, two first stage compressor cylinders 31 in. in diameter X 24 in. stroke, 
and two second stage compressor cylinders 15°25 in. in diameter also 24 in. stroke. 
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It will be noticed by referring to the illustration that two of the power cylinders 
are placed on one side of the main shaft and two on the opposite side, all being 
connected to the same crank pin by means of crossheads working in suitable guides 
and suitable connecting rods. The four power cylinders being single acting and 
each 4-cycle, give an impulse every stroke, so that the distribution of power 1s 
the same as though a double-acting steam cylinder were used in place of the 
four gas-power cylinders. 

The main shaft is of the center-crank type and has two cranks, one connecting 
with the power cylinders and the other to the compressor pistons. The compressor 
crank pin stands at an angle of 90° from the power cylinder crank pin, so that 
the greatest turning moment derived from the power cylinders and the greatest 
resistance of the compressor cylinders are coincident. This arrangement necessi- 
tates the use of very small flywheels, there being two on this machine, each being 
13 ft. in diameter and weighing about 37,000 lb. The connection on the latest 
cf these machines from the outboard power piston to the inboard one is made 
by a central piston rod passing through a water-jacketed stuffing box in the out- 
board head of the inboard cylinder. The piston rod is also water-jacketed, it is 
hollow and forms the water-duct for the circulation of jacket water through 
the power pistons, which also are water-jacketed. 

On the first of these machines the mixture was throttled by a speed governor 
so designed as to be changed for varying speeds. With this appliance every 
fourth stroke was an impulse stroke and the amount of mixture admitted depended 
upon the amount of power required to keep the speed of the engine at a constant 
rate. The later engines built of this type were however fitted with a cut-off 
valve which shut at a point in the stroke determined by the speed governor, and 
admitted sufficient gas to maintain constant speed. 

The engines are started in the following manner: An auxiliary gas engine, 
placed in a separate engine house, is connected to a small mixture compressor 
which compresses the proper mixture of air and gas into a storage tank at about 
90-Ib. pressure. When it is desired to start one of the main engines, the mixture 
under the 90-lb. pressure is admitted to one of the power cylinders on one side 
of the shaft, which moves the piston over into its other extreme position. The 
mixture is then altowed to escape from this end of the cylinder, leaving it full 
of the mixture at atmospheric pressure only. The engineer then goes to one 
of the power cylinders on the opposite side of the shaft and admits the mixture 
to this cylinder forcing the piston over into its other extreme position and com- 
pressing the mixture in the cylinder in which the mixture was first admitted. 
The mixture is then allowed to escape from this second cylinder, leaving it full 
of the mixture at atmospheric pressure. The engineer then returns to the first 
cylinder and trips the electric igniter, combustion ensues and the engine starts, 
ithe igniter in the second cylinder being operated automatically by the movement 
of the engine. The machine is started in this manner with very little difficulty. 
The inlet and exhaust valves on the engine are steel castings, the exhaust valve 
being water-jacketed internally. Engines of this type are run continuously at 
speeds varying from 80 revolutions per minute to 120 revolutions, and indicate 
as high as 1,500 brake H.P. Each machine is supplied with a jacket-water 
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power pump driven from the main engine, which supplies jacket water to the 
compressor as well as the power cylinder, heads, pistons, etc. Two of these 
machines of an entirely new design are now being built by the Snow Steam 
Pump Works of Buffalo, N. Y., and each will indicate about 4,000 H.P., by far 
the largest gas engines yet constructed. 

Many very efficient steam driven compressors are in operation, which, while 
not as economical as the gas engine, are models of their kind. Some plants use 
compound engines and burn natural gas as fuel under the boilers, sustaining an 
indicated horse power for an hour with 16 cu. ft. of gas. A plant of this character, 
pumping from atmospheric pressure to 300-lb. pressure, consumes as fuel about 
8% as much gas as it compresses. Whenever it is necessary to do more work 
than is required to compress.gas from zero to 100 lb., two compressions are made. 
The first raises the pressure about one-fifth and the second the remainder. Jt 
may seem difficult to understand how as much work is done in compressing gas 
from atmospheric pressure to 50-lb. gauge pressure as from 50-lb. gauge pressure 
to 250 lb. The reason is manifest when it is considered that in compressing 
from zero to 50-lb. gauge pressure or from approximately 15-lb. to 65-lb. absolute 
pressure, the gas is compressed to about two-ninths the original volume, which 
is about the ratio that exists between the intake and the discharge volumes in 
the second stage, and while the piston head is working against much higher 
pressures in the latter case, relatively smaller cylinders are necessary to pass 
the same quantity of gas under the greater pressure, so that, with the same length 
of stroke, the total pressure against the cylinder head is the same. Since the 
amount of gas that can be passed through a line between two given points depends 
on the difference between the squares of the initial and discharge pressures, it is 
evident that it is much more économical to pump the gas with one high stage 
compression (where lines are sufficiently tight and strong) at the initial end 
than to relay it with several low stage compressions. In all two stage com- 
pressions it is essential to cool the gas thoroughly between the compressions, or 
the pressure due to the added heat will sometimes be greater in the second stage 
than that due to the compression of the gas. 


Gas MEASUREMENT. 


There are four methods in vogue for measuring gas, namely: (1) By meters, 
(2) by Pitot tubes, (3) by computation from the initial and discharge pressures 
and size and length of pipe-line, and (4) by computing the output of the well 
from the volume of the hole and minute pressure. 

1. Meters——The method of measurement by meter is in most frequent use. 
The meters for the most part depend for their operation on two principles: one 
is the actual measurement of the gas by passing the whole volume through pockets 
or bellows of given capacity which fill and empty by the movement of a series 
of valves operated automatically by the flow of gas through the meter. Where 
the quantity of gas is so great as to need very large and expensive meters thus to 
measure it directly, another method—the proportional meter—is used. In this 
device, two routes, differing greatly in size and capacity, are available for the 
passage of gas through the meter. The flow through these two channels js con- 
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trolled by a valve in each so arranged that they operate in unison, or in such a 
manner that the ratio between the discharge of the two branches remains constant. 
One of the direct measuring meters is placed in the smaller branch and the flow 
through it is thus measured, from which the total amount passed by the meter 
is easily calculated. In general use a special dial is attached to the small meter, 
from which can be read the entire amount of gas passed. When gas is passed 
through a meter at a higher pressure than the standard at which it is sold, it is 
necessary to make a correction to the meter reading due to the extra pressure on 
the gas. The usual standard at which gas is sold is 4-oz. gauge pressure, and a 
simple formula for reducing to this pressure is as follows :— 


= P+", in which 
V=4 h+ 1 
QY=cubic feet of gas at 4-oz. pressure, p=gauge pressure in pounds per 
g=cubic feet as shown by meter, square inch, 
h=pressure of atmosphere in pounds. 


Since the pressure of the atmosphere is about 14°75 lb., this becomes 


_ p+l4:75. 
Geet da 

Self-recording pressure devices can be attached to meters operating at high 
pressures by means of which the average pressure and the actual quantity of gas 
passed can be quickly determined. 

2. Pitot Tubes.—The amount of gas passing through a pipe-line can be quite 
accurately determined by means of the Pitot tube, which consists of a small metal 
tube inserted in the line, having its open end turned in the direction from 
which the gas is flowing. This tip communicates with one branch of a glass 
U-tube partly filled with some liquid (generally water). The other branch of 
the U-tube is connected to an opening in the pipe-line, the plane of which is at 
right angles of that of the opening into the Pitot tube. By this means the 
branch connected to the Pitot tube will show a higher pressure than that connected 
to the pressure line, due to the force of the current of gas flowing against it. 
This difference of pressure will be shown by the difference in level of the liquid 
in the U-tube. Since this force is due to the velocity and density of the gas 
passing, the rate of flow can be obtained, and with frequent observations, the 
quantity of gas passing through the line can be readily determined. The for- 
mula of the Pitot tube as applied to gas measurement has been very carefully 
determined by Prof. 8. W. Robinson, whose report is published in the Geological 
Survey of Ohio, Vol. 6, pp. 548-594. The final formula is :— 


@=number of cubic feet of gas flowing p=static pressure of gas in pounds, 
in pipe-line per hour, h=difference in level of water in 
d=diameter of pipe-line in inches, U-tube, measured in inches. 


This formula is computed for gas flowing through the tube at a temperature 
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of 40°F., but reduced to a standard temperature of 50°F. in the measurement 
by this formula. It is for gas of 0°60 sp. gr. To reduce to gas of any other gravity 
multiply the result by . 
0°6 
Sp. gr. gas’ 


3. Computation from Pressures at Two Given Points.—It is possible to deter- 
mine with considerable accuracy the quantity of gas passing through a pipe-line 
from the pressures at two given points when the distance between them and the 
size of the line are known. The formula for this purpose is :— 


Q=40 aey/ a in which 


@=cubic feet of gas passing in one p,—absolute pressure in pounds at dis- 
hour, charge point, 

?1=absolute pressure in pounds (gauge | d=diameter of pipe in inches, 
pressure+15 Ib.) at initial L=length of pipe between points in 
point, miles, 

D=density of gas. 


Probably the most complete study of this method has been made by Mr. For- 
rest M. owl, who has constructed a | slide rule for determining at sight the dis- 
a of any line. 

4. Computation of the Output of a Well from its Minute Pressure-—A fair 
Ta of the output of a well at atmospheric pressure can be obtained 
from the capacity of the hole in cu. ft., and the increase in pressure of a well in 
one minute after it is shut in. The formula for the purpose is 


d?X3°1416XL 


sR OR W IR SED x60 é 
AX144 xq A 0X24, in which 


Q=quantity in cubic feet of gas dis- | p=pressure in pounds shown by gauge 
charged into the open air in one minute after closing gate 
twenty-four hours, (less any pressure gauge might 

d=diameter of hole in inches, have shown before closing gate). 

L=depth of hole in feet, 


Reduced to lowest terms, this becomes approximately Q=4d?Lp, or the out- 
put of a well in one day is equal to one-half the product of the square of the 
diameter of the hole in inches by the depth of the hole in feet by the pressure in 
pounds per sq. in. Of course, if a well is tubed, the diameter of the tubing is used 
instead of the diameter of the hole and if the packer is above the bottom of 
the hole, the capacity of the tubing to the depth of packer is first obtained and to 
this is added the capacity for the full size of hole for the distance from the 
packer to the bottom of the hole. 

If the output of the well is desired at any other pressure than that of the 
atmosphere, the gate on well is closed as before and the rise in pressure noted for 
one minute from the instant the pressure reaches the desired point, this amount 
being used for the minute pressure. 
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SouRCES OF SUPPLY. 


Geologic Sources.—Although small quantities of gas are always present in the 
decomposition of animal and vegetable matter, the principal sources of natural 
eas are from porous strata of rock, usually at considerable depth below the earth’s 
surface. The strata are chiefly sand, gravel, shale or limestone lying between 
more impervious layers. Petroleum is frequently discovered in these same strata 
although from much more limited areas than those producing gas. The deposits 
are found in various portions of the world in the strata of all periods from the 
Silurian to the Tertiary. The great gas reservoirs overlying the Cincinnati arch 
are located in the Trenton and Clinton limestones of the Silurian period. ‘Those 
of the Appalachian system are in the Devoniam In eastern Ohio they belong 
to the Sub-carboniferous period. Those of the southwestern States and California 
are in the Tertiary formation, as also are those of Eurasia. In the oldest forma- 
tions, i.e., the Trenton limestone, the gas is found in the upper layers of the lime- 
stone itself and directly underneath the Utica shales. In the Clinton limestone, 
the source of gas appears to be a layer of sand within the limestone. The only 
source of gas in the Appalachian reservoirs is from layers of sand rock enclosed 
by limestone or slate. In the Tertiary formation, the gas comes from beds of sand 
which are frequently so soft as to hardly merit the name of rock. The natural 
gas is usually obtained from the most elevated portions of the stratum, 1.e., along 
the anticlinals of the rock, while the petroleum collects on the lower horizon and 
frequently salt water is found on a still lower level along the synclinals of the rock. 
This anticlinal theory for the location of gas and oil is very thoroughly discussed 
by Prof. I. C. White, State Geologist, in the West Virginia Geological Survey, 
Vol. 1, 1899, pp. 158-180, and by Prof. Edward Orton, State Geologist, in the 
Geological Survey of Ohio, Vol. 6, p. 89 and following. The essentials of the 
theory are that the natural gas, being the lighter product, collects at the top of 
the reservoir, formed by the porous rock under the impervious layer, while the 
oil and water arrange themselves in the same layer in accordance with their 
respective gravity. 

The most prolific natural gas fields thus far developed have been (1) those 
along the western slope of the Appalachian mountain system extending from the 
Canadian border to Tennessee, and (2) those throughout the great anticlinal ex- 
tending from Kentucky to and even beyond Lake Erie, known as the Cincinnati 
arch, with its center near Cincinnati. Between these two large deposits is a 
marked synclinal, which, at its lowest point near the Ohio river in northwestern 
West Virginia, is many thousand feet below the crest of the Cincinnati arch on 
the one side and of the Appalachian mountain system on the other. 

1. Appalachian Gas Fields—The Appalachian gas deposits occur in the small 
folds or anticlinals which exist in the strata as they rise toward the Allegheny 
Mountains from the synclinal that lies to the westward. At the deepest place 
of this synclinal, in Wetzel County, W. Va., the Pittsburg coal drops almost 
to the level of tide-water. A few miles west of Pittsburg, the coal in this 
synclinal is about 900 ft. above tide level. In Armstrong County the rocks have 
risen 1,100 or 1,200 ft. higher, and from this region the rise is quite uniform to 
the New York boundary at a rate of about 32 ft. to the mile. 
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In lines approximately parallel with this synclinal on the one side and the 
ranges of the mountains on the other, are-a series of small folds, the crests of 
which are from a few feet to 300 or 400 ft. above the adjacent synclinals, and in 
these small anticlinals nearly all the great deposits of the Appalachian system 
have been found. The illustration (Fig. 3) shows a cross-section of these strata 
at the outcropping of the Pittsburg coal near Pittsburg. 

As has been observed in the main trough between the Cincinnati arch and the 
Allegheny Mountains, all the strata dipped downward in a line from the north- 
east toward the southwest. In the northern portion for the first 50 miles south 
of the New York boundary, this dip amounts to about 30 ft. to the mile. For 
the next 50 miles, or to about the line of Pittsburg, the dip is about 20 ft. to 
the mile, while south of Pittsburg it does not average more than 9 or 10 ft. 
to the mile. 

The gas deposits of southern New York and of McKean, Elk and Warren 
counties, Pa., are found in several different strata of sand included in 
the Chemung group of the middle Devonian period. The deepest of these 
sands are those producing gas in Elk County, which are about 200 to 250 ft. 
below the Bradford sand. From the Bradford sand there is an interval of 
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Fig. 3.—CROss-SECTION OF STRATA AT OUTCROPPING COAL, NEAR PITTSBURG. 


about 300 ft. to the Cherry Grove sand, and about 400 ft. above this is 
located the Warren sand. The most productive sands because of their vast ex- 
tent are those of the Venango and Butler group. These are found from 600 to 
1,000 ft. above the Warren group in the Catskill epoch of the Upper Devonian 
period. In Butler and Venango counties there are three distinct strata of these 
sands with an interval between them of a little more than 100 ft. Gas 
from some of the strata of this group has been obtained from Crawford County 
southward to Kentucky. The sands are known by various names in different 
localities. In Crawford, Venango, Butler, Clarion and Forest counties, they are 
known as the first, second and third oil sands. In Armstrong, Allegheny, West- 
moreland and Washington counties the upper layers are known as the Murrays- 
ville or salt sand and the Hundred Foot sand, while the lower layer is broken 
into a number of strata known under names of Gordon, Gordon Stray and Fifth. 
South of the Pittsburg district, the Hundred Foot divides into the Thirty and 
Fifty Foot sands, and below the Gordon are found the Fourth, Fifth, Bayard and 
Elizabeth sands in the above order. North of Pittsburg is observed a thick 
layer of sandstone, the lower edge of which les two or three hundred feet above 
Number One of the Venango group. This layer is about 300 ft. in thickness, and 
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outcrops in Butler and Venango counties, in the latter region being found only 
in the hill tops, from which it secured the name of Mountain Sands. From the 
Pittsburg region southward it is known under the name of the “Big Injun,” and 
is productive of gas and oil in many localities. 

The strata generally increasé in thickness to the southward, consequently the 
snterval between the sands becomes greater. There is an exception to this rule, 
however, between Green County and Wetzel County, W. Va., where the interval 
diminishes slightly. 

2. Gas Deposits about Cincinnati Arch.—The Trenton limestone of the Silurian 
period has an elevation at the crest of the Cincinnati arch of more than 400 ft. 
above tide level. From this region it rapidly falls until at Columbus, Ohio, it 
is 1,200 ft. below tide level, and from thence eastward the decline is very rapid, 
equalling 3,000 ft. to the Ohio river at East Liverpool. To the northward it 
declines to about 600 ft. below tide level, where the crest of the anticlinal passes 
under Lake Erie in Ottawa County. At Indianapolis it is 280 ft. below tide 
level. From the crest of the arch, in Claremont County, just east of Cincinnati, 
two marked anticlinals extend, one a little east of north toward Lake Hrie, and the 
other more marked branch extends northwestward into Indiana, apparently pass- 
ing through Union, Fayette, Wayne, Henry, Delaware, Madison and Grant 
counties. Prof, Orton concludes that the northwestern branch was first elevated 
and that later there extended northwestward from it what is known as the Lima 
axis. Near Findlay, Ohio, this meets an abrupt terrace passing due north and 
south, and causes the anticlinal to change direction at that point. The vast gas 
deposits of Indiana and Ohio are found on the northwestern anticlinal of the Cin- 
cinnati arch and along the Lima axis and the crest of the Findlay terrace. 

Besides the Trenton deposits, there are those of the Clinton limestone in Fair- 
field and Licking counties, Ohio, which appear to be along a terrace in that rock. 
Also in eastern Ohio gas is obtained from the Berea sandstone of the Sub- 
carboniferous period. 

While the principal gas deposits are along the crests of anticlinals, they are 
greatest where there is a considerable dip from the crest of the anticlinal down- 
ward. An essential to a gas reservoir is a layer of impervious rock above the gas 
horizon. 


DESCRIPTION OF GAS DEPOSITS. 


As above stated, the two great sources of natural gas on this continent are along 
the western slope of the Appalachian Mountains and the great Cincinnati arch. 
These two fields supply fully 95% of all the gas produced in North America. 
Besides these Kansas, Arkansas, Indian Territory, Texas, California and Colorado 
vield smaller quantities. The following table shows the approximate value of 
natural gas produced in the United States from 1892 to 1900, inclusive, and 
from it may be seen that the value of the gas produced in Pennsylvania has 
continuously exceeded that of any other State. However, for the past eight or 
nine years the actual amount of gas produced in Indiana has exceeded the Penn- 
sylvania production, which is due to the fact that the price of gas obtained in 
Indiana has been exceedingly low. From 1888 to 1892, when the Indiana fields 
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APPROXIMATE VALUE OF NATURAL GAS PRODUCED IN THE UNITED STATES FROM 
1892 To 1900, INCLUSIVE. (a) 


State. 1892. 1893. 1894. 1895. 1896. 1897. 1898. 


$100 $100 $100 $100 $ 
55,0001 62,000 60,850} 55,000 5 $86,891 
Colorado 12,000 7,000 ; : 1,480 1,800 
WUPINOISs s caiecie cue 12,988 14,000 15.000: 7,500 3,387 i 2,067 1,700 
Indiana 4,716,000| 5,718,000} 5,437,000] 5,203,200 | 6,680,370] 7,254,539 
40,795 50,000 86,600 112,400 105,700} ~ 832,592 
Kentucky 43,175]  68,500/ ~—-89,200/ ~——-98,700 90,000] 108,188} 125,745 
Missouri 3,775 2,100 4,500 3,500 500 145 290 
ae 216,000 210,000 249,000. 241,530 3, 200,076 229,078 294,593 363, 
2,136,000} 1,510,000} 1,276,100} 1,255.'700 mee 1,171,777} 1,488,308} 1,866,271] 2,178,234 
Pennsylvania.... | 7,376,261) 6,488,00C| 6,279,000] 5,852,006 6,242.54: | 6,806,742] 8,337,210! 10,187,412 
South Dakota... 


20,000] 15,050 
West Virginia... 640,000] 912,528] 1,334 
Other States 200,000} 100,000} ~— 50,000} * 50,0v0} 50,000} ~~—- 20,000} ~——-20,000 


Ure a «| 14,800,714] 14,346,250] 13,954,40¢| 13,006,650] 13,002,512] 13,826,422| 15,296,813] 20,074,873] 23,606,463 


(a) From The Mineral Resources of the United States, 1900. 

were being rapidly developed, both Ohio and Pennsylvania were producing large 
quantities of gas, and in order to secure the removal of manufactories to this 
territory, contracts at a very low price for long periods were made. In like 
manner, franchises for gas in Indiana cities were made which imposed conditions 
that were then easily complied with, but as the supply has diminished, are now 
very burdensome. The prices for manufacturing contracts were based on out- 
put, and for domestic consumption on the number of fires or size of openings in 
the burner instead of by meter. The average price of gas in this State is but 
little more than one-half the price of coal or wood displaced, while with equal 
economy its price should exceed coal owing to the greater convenience and clean- 
jiness, a condition that is true for almost all other localities. 

Pennsylvama Gas Fields.—Gas first began to attract attention as a fuel during 
the development of the Bradford and adjoining oil fields. In many sections in 
this region wells of high rock pressure and great volume were found and while 
the rock pressure now-is, generally speaking, small, large quantities are still taken 
from McKean and the adjoining counties of Elk and Warren. However, before its 
value as a fuel was appreciated, the extensive fields about Pittsburg had been dis- 
covered. Among the first of these was at Murraysville, located 15 miles east of 
Pittsburg, a field of moderate depth, showing a loose sand, which yielded conse- 
quently a great volume of gas. The first well in this field, Haymaker No. 1, was 
opened November 4, 1878, in drilling for oil. No attempt was made to use the 
product of this well for four years, and very little drilling was done in the field 
until 1884. A short distance to the east of Murraysville was the Grapeville field, 
which though much smaller than the Murraysville field, contained wells of very 
large volume. Probably more gas was wasted from both these reservoirs than 
was ever utilized. 

In the same month that Haymaker No. 1 was opened, the first well was struck 
near Tarentum, and as the supply from Murraysville and Grapeville diminished, 
this also was piped to Pittsburg, and as was needed, gas was brought from 
Canonsburg, Hickory and Venice, to the southwest. While the rock pressure is 
now very small in these various fields, and, while some of them have become en- 
tirely exhausted, they have showed wonderful lasting qualities. Armstrong 
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County has been producing gas for nearly 20 years and still yields a daily output 
approximating 50,000,000 cu. ft. 

About 1890 the development of the territory south of Pittsburg began, al- 
though gas had already been discovered and used to considerable extent about 
Washington, Pa. Later the developments extended into Green and Fayette 
counties. At present the most prolific territory is in Green and Washington coun- 
ties, where a “Bayard” sand pool was discovered in 1897. The sand lies about 
300 ft. below the Gordon sand and 2,435 ft. below the Pittsburg coal. This pool 
has been explored from within a few miles of the West Virginia line northeast- 
ward to a point about five miles north of the Washington and Green county line. 
It is about 25 miles long, with a width of three or four miles. The rock pressure 
of the wells varied from 800 to 1,200 Ib., and still shows from 400 to 1,000 Ib., 
although the average daily output during the past two years cannot have been 
less than 75,000,000 cu. ft. 

West Virginia Gas Fields—In West Virginia the most prolific sands are the 
Gordon and those grouped near it, namely, the Gantz, Gordon Stray, Fourth, 
Fifth, and in some few places, the Elizabeth or Bayard sand; many large pro- 
ducers also have been secured from the shallower sands. Although vast quantities 
of gas have been taken from these reservoirs, they are the most extensive and 
prolific known at present. Vast areas of natural gas deposits exist in Wetzel, 
Marshall, Marion, Monongalia, Tyler, Harrison, Doddridge, Lewis, Ritchie, 
Gilmer and Calhoun counties, and many others farther south. Wells have been 
drilled which show rock pressures exceeding 1,200 Ib. and volumes of from 
12,000,000 to 20,000,000 cu. ft. per day, while some have been estimated as high 
as 50,000,000 cu. ft. If this supply is properly conserved, it will furnish vast 
quantities for many years, not only for local consumption, but for transportation 
to markets in Ohio and Pennsylvania which are now being supplied for the most 
part from the less distant fields. Unfortunately for the preservation of the gas, 
the deposits are almost invariably associated with oil pools, from which the gas is 
discharged with the oil, and in the past, little effort has been made to restrain its 
flow. From one region in Wetzel and Tyler counties, embracing 100 square miles, 
with an original rock pressure of about 1,000 lb., fully one-half of the entire 
supply has been wasted. It is a matter of regret that there is no satisfactory 
legal protection for this product. However the value of gas is now becoming 
so universally understood and the principal oil producers are either directly or — 
indirectly interested in the gas companies, so that the former waste has very 
appreciably decreased and there is reason to believe a new era of economy in gas 
production and preservation has begun. 

Ohio Gas Fields—The chief supply of gas in this State, 7.e., the reservoir in 
the Trenton limestone, has been practically exhausted. This field originally em- 
braced 500 or 600 square miles in the northwest portion of the State and had 
a uniform rock pressure of over 400 lb. At present the pressure is nearly ex- 
hausted, and the wells drowned out. with salt water. In the eastern portion of 
the State quite a large quantity of gas was obtained from the Berea sandstone. 
However, the only source of any considerable supply at present known in the 
State is the Sugar Grove field south of Lancaster and the recently discovered 
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Licking County field to the north of it. The gas in these fields comes from 
wells in the Clinton limestone 2,000 ft. or more in depth and showed originally 
about 750 Ib. pressure. The Sugar Grove field was first opened in 1887 and 
already shows no more than one-third of the original rock pressure. The amount 
of gas produced in Ohio reached its maximum in 1888 or 1889. From thence 
it steadily diminished until 1897, although later the production has increased 
considerably and the value of the product has nearly doubled. This increase in 
value has been due in a measure to a more economic method of handling resulting 
from an extensive adoption of the meter system of measurement. It seems prob- 
able however that the maximum production has about been reached and existing 
companies are making extensive preparations for securing large quantities of gas 
from West Virginia. 

Indiana Gas Fields—The productive area in this State originally extended over 
an area of between 2,500 and 3,000 square miles, located from the center of the 
State eastward and northward to the Ohio boundary. The source was from 
the Trenton limestone. Originally the fields showed a nearly uniform rock pres- 
sure of 325 lb., which now varies from zero to 150 lb. For the past nine years this 
State has produced more gas than any other, but the fields have become greatly 
depleted. Large compressing plants are installed to diminish the line pressure 
at the wells and to furnish power to transport the gas to points of consumption. 
It would seem that these more and more expensive methods of gas production 
must soon prevent the successful conduct of the gas industry in many portions of 
this territory unless relief is obtained from the uneconomic methods of consump- 
tion due to lack of meter measurement and a price obtained for the product more 
commensurate to its value. 


THE ORIGIN OF NATURAL GAS, 


Many theories of natural gas have been advanced, but the one which meets 
with most general acceptance is that propounded and discussed so ably by Prof. 
Edward Orton, in the Geological Survey of Ohio. Briefly stated, the theory is 
that gas and petroleum are the results of decomposition at moderate tem- 
perature of vegetable and animal matter, chiefly in the stratum where found. 
There seems to be little doubt expressed at present that its source is organic 
rather than inorganic, and while there are many adherents to the theory of dis- 
tillation by heat, this latter theory is losing ground because, as a rule, there are 
no noticeable evidences of heat and furthermore it can be shown that a process of 
this character is unnecessary. 


CAUSE OF Rock PRESSURE. 


Prof. Orton advocates that the pressure is hydrostatic, being due to the head 
of water which is entering the sands at the outcroppings or through breaks into 
other saturated layers, and showed in proof of this claim (1) that the pressure 
of the wells of the Trenton limestone agreed exactly with that which would result 
from a head at the level of Lake Erie, and (2) that water follows the gas into the 
rock as the gas is exhausted. However, Prof. I. C. White calls attention to the 
fact that at points in New York, Pennsylvania and West Virginia, the rock 
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pressure exceeds any possible artesian pressure, and further, the sands as depleted 
continue dry, which shows no evidence of communicating with water. In these 
cases, at least, it would seem that the pressure was due solely to the vast accumula- 
tions of gas. 


CHEMISTRY OF NATURAL GAS. 


Natural gas is composed principally of the gaseous hydrocarbons of the 
paraftine group, whose general formula is CpHn++ Besides the paraffines, there 
are small but varying amounts of the following gases: nitrogen (N), carbonic 
acid gas (CO,), olefiants, oxygen (O), ammonia (NH,), hydrogen sulphide 
(H,S) and hydrogen (H). The paraffines however amount to 90 or 95% of the 
entire volume of the gas, and consist principally of marsh gas or methane (CH). 
Frequently it is the only member of the series present. It seems difficult to 
separate the various members of this group, but the presence of the heavier 
members is frequently shown by the increased gravity, the increased heat units 
in its combustion and by the smaller proportion of water to carbonic acid gas in 
the products of combustion. The following table of the properties of the first 
three members of the paraffine group (the ones most frequently present ) has been 
compiled from data in Schorlemmer’s Hand Book of Chemistry and from the 
work of Prof. F. C. Phillips, which is published in the Pennsylvania Geological 
Survey, 1892. 


PROPERTIES OF THE THREE LIGHTER MEMBERS OF THE PARAFFINE GROUP. 


Chemical | Carbon by | Hydrogen | Specific Weight Liquefying |No. B.T. U. 


Name. Formula. | Weight. |by Weight.| Gravity. [per Cu. Ft| Pressure. |per Cu.Ft.a 
Euere 4 ag Lb. Lb. 
Methane (marsh gas)... CH, 74°97 25°03 0°583 0°0446 + |2,650at 10° F. 1,064 
Bithane ic ssc sitsigs ie tose CoH. 79°96 20°04 1°0384 0:0837 676 at 39° F. 1,863 
Propane.......eeseeees C3Hs, 81°78 18°22 1°45 0° 123038 550 at 39° F. 2,662 


3 ss B. T. U.—British Thermal Units or amount of heat necessary to raise one lb. of water at 89° F. through 

It is observed that the lower members of the series increase in specific gravity 
and in available heat units at a fairly constant ratio, each member yielding ap- 
proximately 800 heat units to the cubic foot more than the one preceding. It 
should be observed also that the pressure on many natural gas reservoirs exceeds 
the liquefying pressure of the gas in all but the first member of the group. Con- 
sequently in such reservoirs all ethane and propane exist as a liquid, and are only 
vaporized at the bottom of the well as the pressure is reduced at that point. 
Since these gases are much richer in heat units than methane, it would 
seem probable that as the pressure of gas fields containing these liquids 
depletes a large proportion of them would vaporize and result in a richer 
gas being produced than in earlier stages of production. The next lower mem- 
ber, butane, of the series remains, in its normal state, a liquid at atmospheric 
pressure and 33°F. and consequently does not vaporize in large quantities under 
normal line pressure. The boiling points of the remaining members of the group 
are sufficiently high to preclude any large amount of their vapors being present 
in the gas. 

Besides the paraffines, small quantities of the illuminants, or the olefiant series 
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(CnH,n), have been observed. About the only member of which an appreciable 
amount has been observed is ethylene (C,H,). The analyses of gases from the 
‘Trenton limestone in Ohio and Indiana as given in the Geological Survey of Ohio, 
Vol. 6, page 137, show about 0°25% of olefiants. 

The subjoined tables give a number of analyses of natural gas from various 
fields in New York, Pennsylvania, West Virginia, Ohio, and Indiana. 


ANALYSES OF NATURAL GAS OF NEW YORK AND PENNSYLVANIA, MADE 


BY PROF. F. C. PHILLIPS. 
a A Se ene Se ee 


Rac- 
coon | Baden. 
reek. 


Murrays- 


Kane. | Wilcox|Speechly. ville 


Nitrogen.... 

Carbonic acid 

Hydrogen 

Ammonia 

Oxygen : 

Hydrogen sulphide............. 
Paraffines 


100 100 


Per cent. by weight of carbon...| 78°14 76°52 76" 76°42 | 76°68 
Per cent. by weight of hydrogen| 21°86 | 23°31 | 23°23 | 28:48 | 22-89 “04 : 23°52 | 28°82 


B. T. U. per cu. ft 1,287 | 1,128] 1,168]. 1,115] 1,252 | 1,044 | 1,085| 1,069] 1.037. 
oie Cee erates) raeee eel oak 


ANALYSES OF TRENTON LIMESTONE GAS, MADE BY PROF. C. C. HOWARD. 


Fostoria, | Findlay, | St. Marys, | Muncie, | Anderson, Kokomo, 
Ohio. Ohio. hio. Ind. Ind. Ind. 
% % 
1°86 1°42 
93°07 94°16 
0°49 0°30 
0°%3 0°55 
0°26 0°29 
0:40 0°30 
3°02 2°80 
0°15 0°18 


100°00 : 100°00 100°00 100°00 
a i ed 


Hydrogen 
Methane (marsh gas) 
Olefiant 


2oo8H 
eee” 


= 2 9 2 
DASH 


ANALYSIS OF WEST VIRGINIA GAS, MADE BY MR. FORREST M. TOWL. 


Parkersburg. Wetzel County. 


Carbon dioxide............ Has seuirees 
Illuminants 

Petroleum vapors 

Oxygen 

Nitrogen 

Paraffines 


Specific gravity 
Be AU pen Cus hte ie cae sree sence 


Combustion.—It will be observed that few attempts have been made to sepa- 
rate the hydrocarbons. The process is very difficult and unsatisfactory and as the 
chief and only use of gas is for fuel, the principal point to be considered is its | 
heating power. (Its use as an illuminant is limited to the application to in- 
candescent mantels, where the light is dependent on the heating power of the 
gas.) This subject has been very carefully considered by many of the best 
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chemists and physicists, notably Prof. C. C. Howard, in Ohio; Mr. Robert Young 
and Prof. F. C. Phillips, in Pennsylvania; Forrest M. Towl, and many others. 
The difference in their results are due mostly to differences in methods of analy- 
sis. For all practical purposes the following rule will give British Thermal 
Units (B. T. U.) per cubic foot: B. T. U.=per cent. of hydrocarbons X specific 
gravity of gas X 18:3. 

This formula is only a rough approximation, but gives a result slightly too 
small with gas of low specific gravity and correspondingly higher with the 
heaviest gases. 

The products of the combustion of hydrocarbons vary in proportion to the 
amount of oxygen available for the combustion. If sufficient oxygen is supplied, 
the resultant products are steam (H,O) and carbonic acid gas (CO,). If the 
supply is insufficient, carbon is burned to carbon monoxide (CO) with a loss of 
more than one-half of the heat units in the carbon. If the amount of oxygen 
is still less, the hydrogen will burn to steam and the carbon be deposited as soot, 
and in the last named case, nearly one-half of the heat units of the carbon will 
be lost. 

To burn marsh gas in oxygen, the formula is:— 


CH,+20,—C0,+2H,0 


or 1 cu. ft. of marsh gas requires 2 cu. ft. of oxygen to burn it, the results pro- 
duced being 1 cu. ft. of carbonic acid gas and 2 cu. ft. of steam. 
To burn ethane, the chemical formula is :— 


20,H,-+70,—4C0,+6H,0 


or 2 cu. ft. of ethane requires 7 cu. ft. of oxygen to consume it. Since the 
source of oxygen commonly used in combustion is the air, of which but 21% by 
volume is oxygen and 799% is innate nitrogen, about 5 cu. ft. of air is necessary 
tc furnish 1 cu. ft. of oxygen, or approximately 10 parts by volume of air are 
necessary to burn one of methane and 17°5 parts to burn one of ethane. 

As an example in combustion, suppose it is desired to burn gas under boilers 
tor making steam, the composition of the gas being 95% paraffines, of which 25% 
is ethane and 70% methane. Suppose the stack temperature to be 400°F. and 
the temperature of the air 60°F. There would be available in 1 cu. ft. of this 
gas.— 

Methane, 70% of 1,064=744'8 B. T. U. 
Ethane, 25% of 1,863=465°6 B. T. U. 


Total, 1,210°4 B. T. U. 
To burn this gas would require of air :— 


W0%: oF 10 cu. Tt=7 cus tt. 
25% of 17°5 cu. ft.—4°4 cu. ft. 


Total, 11°4 ecu. ft. 


This would weigh 11:4X0:08071 (weight of 1 cu. ft. of air) =0°92 lb. To this 
must be added the weight of 1 cu. ft. of the gas, or about 0°056, making 0:976 Ib., 
or in addition to the work done in evaporating water in the boiler, each cubic 
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foot of gas must raise 0°976 lb. of the gaseous products of combustion from 
60°F. to 400°F. or through 340°F. Since the average specific heat of the 
products of combustion is about 0°24, this work will consume 


0°976X0°24X340=—79°6 B. T. U. 


Subtracting this amount from the heat units in a cubic foot of the gas, we have 
1,210°-4—79'6=1,130°8 B. T. U. still available for evaporating water. If the 
temperature of the feed water be-80°F., it will take 212—80—132 B. T. U. to 
raise the temperature of 1 lb. of water to the boiling point and, since 
965°7 B. T. U. are necessary to convert 1 lb. of water at 212°F. into steam of 
the same temperature, there will be necessary 965°7+132=1,097'7 B. T. U. to 
convert 1 lb. of water 80°F. into steam at 212°F., or the heat of 1 cu. ft. 
of gas would be sufficient to evaporate 1,130°8-+-1,097°7=1°'03 lb. of water from 
80°F. to steam at 212°F. If the water was at 212°F. in the beginning, 1 cu. ft. 
of gas would convert 1,130°8—965°7=1'17 lb. 

Of course, in practice considerable heat is lost by radiation and other causes, 
and the above-mentioned conditions are not realized. However in a number of 
instances 1 lb. of water has been evaporated from a temperature of 212°F. for 
esch cu. ft. of gas consumed. In December, 1900, at Tarport, Pa., 1 cu. ft. of 
gas with Klein burners evaporated 1°15 lb. of water under 80 H.P. boilers. 


Uszs oF NATURAL Gas. 


Natural gas is most valuable as a domestic fuel. For heating dwellings it. is 


the ideal fuel, being perfectly clean, without dust or soot, operated without labor, 
and with a thermostat connection for regulating the feed of gas by the tem- 
perature of the room it operates from week to week without attention and without 
any variation in the temperature of the apartment. For cooking it is unsur- | 
passable. Besides being cleanly, it makes an extremely hot fire, is always at hand 
in a moment, and can be extinguished immediately when not needed. It permits 
the kitchen to be cool and clean, and with an over thermometer, the baking 
temperature can be controlled to a single degree. In roasting and broiling a 
quick hot fire over the meat sears the outside and results in a sweeter, more juicy 
and heavier roast than is possible by any other means. 

With reference to economy, natural gas at 25c. per 1,000 cu. ft. is as cheap for 
domestic heating and cooking as anthracite coal at $5°50 per ton. 

For manufacturing purposes it is probably most valuable in the manufacture of 
glass where its advantages are the reduction in labor in caring for furnaces; the 
improved quality of the product, due to the freedom from dust or soot to discolor 
it; and. the longer life of the furnaces. 

In the heating and melting of iron and steel, there is less wear on the furnaces 
and smaller furnaces can be used for the same output than is possible with coal. 

+ is economical and advantageous to use natural gas in annealing furnaces, tool 
heating and welding furnaces, core ovens, heating furnaces where blasts are used, 
and in all kinds of gas regenerating furnaces for heating and melting purposes. 

In burning brick, a better color can be obtained and a better output from the 


1 Mineral Resources of the United States, 1900, p, 634. 


eS ee ee a eS 


PRODUCTION OF NATURAL GAB. 483 


kiln because the fire is regulated more quickly and easily than with coal. In fact, 
natural gas is useful for nearly all purposes where coal may be used, except in 
the reduction of iron ore, where its composition and gaseous nature preclude its 


use. 

Burned under boilers, with the most economic burners, natural gas at 10c. per 
1,000 ft. is about as economic as coal at $1°20 per ton, even though the coal be 
burned in the most economic manner with mechanical stokers. 


NICKEL AND COBALT. 


As in previous years the domestic production of nickel and of cobalt oxide in 
the United States has been derived as by-products from the treatment of lead 
ores at Mine La Motte, Mo. The production of metallic nickel from domestic 
ores in 1901 amounted to 6,700 lb., as compared with 9,715 lb. in 1900, showing 
a decrease of 3,015 lb.; while the production of cobalt oxide in 1901 was 
13,360 lb., against 12,270 lb. in 1900, an increase of 1,090 lb. There has been 
considerable prospecting for nickel ores in many widely separated localities in 
the United States, and while exploitation has been active, no production of 
nickel ores on a commercial scale resulted during 1901. Development work 
has been carried on with more or less promise at the following localities — 

Arizona.—In Pima County a new deposit of nickel ore is being exploited. 

Idaho.—At St. Joe mine, Blackbird, an arsenical pyritic mineral was re- 
ported, samples of which assayed as high as 8% nickel. 

Nevada.—At Lovelocks Station, operating in the deposits of nickel and co- 
balt arsenides; at Bunkerville, operating in deposits similar to the Sudbury 
(Ontario) ores, and near Candelaria a deposit of nickel ore has been reported. 

North Carolina.—Near Morgantown, in the western part of the State, a 
deposit of nickel ore somewhat similar to the New Caledonia ore is being 
opened up. 

Oregon.—A high-grade cobalt ore deposit is being developed in the eastern 
part of the State. 

Wyoming.—At Piney Creek, in the northern portion of the State, the occur- 
rence of nickel ore has been noted. 


UNITED STATES PRODUCTION, IMPORTS AND EXPORTS OF NICKEL. 


Production. 


From Domestic Ore From Foreign Ore. 


. Ni in Sulphide, ; 
Metallic. Oxide, etc. (a) Metallic. 


Pounds. | Value. | Pounds. | Value. | Pounds. | Value. 


1,459,390 | $505,214 | 2,640,000 | $913,968 

8,516,427 | 1,213,167 | 3,611,357 

B00 ee 1,068 6a 5,045 221 9. 1 5,0 ¢ 

,605,138 | 1,682, 4,107,982 ; ,183,884 | 5,866 1,382, 
6.700 4,658,837 | 2,168,455 | 4,011,277 | 1,869,255 52: | 1,637,1663) Vera 

a) The nickel reported as in oxide is now mostly converted into metal before consumption. (b) Incl 

nick? nickel oxide, and alloys of any kind in which nickel is the chief element of “alae but eee 
tures, ore, ormatte. (c) Ore and matte. (d) Comprises domestic nickel, nickel oxide, and matte. 
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Market.—The demand for nickel in the early part of 1901 was brisk and 
heavy purchases were made; the consumption, however, was disappointing, and 
at the end of the year consumers had considerable stock on hand. Trade was 
brisk and the price was steady throughout the year, ranging from 50 to 60¢e. 
per Ib., depending on the size of the order. In this connection it should be noted 
that by far the greater part of the output is sold at private sale at an average 
price much lower than that reported as the market price. 


UNITED: STATES PRODUCTION AND IMPORTS OF COBALT OXIDE. 


Production Imports. Production Imports. 
Year. ss Peace Pas NS OU eR RCE Year. peas Brac anaes 
Pounds. Pounds. Value. Pounds. Pounds. Value. 
IRON 2 cc bees es 12,825 27,189 $36,212 || 1899.......0...0005 10,200 46,791 | $68,847 
ABO sicpostes nseietalraies 19,300 24,71 34,773 NOOO owes cot 12,270 54,073 88.651 
IGQG! As cwtenssnvens 9,640 38,731 49,245 || 1901....... TRE 13,360 71,969 _|_ 184,208 


A very important step in the development of the nickel industry was made 
early in April, 1902, by the organization, under the laws of New Jersey, of 
the International Nickel Co., which resulted from plans to consolidate and con- 
trol the nickel production of the world. The capitalization of the International 
Nickel Co. consists of $12,000,000 common stock, $12,000,000 preferred stock 
carrying 6% dividends non-accumulative, and $12,000,000 of 30-year 5% gold 
bonds. Of this total capital, $9,000,000 of common stock, $9,000,000 of pre- 
ferred stock, and $10,000,000 of bonds was issued for the purchase of the follow- 
ing properties in the United States, Canada, and New Caledonia: The Canadian 
Copper Co; the Orford Copper Co., with reduction works at Bayonne, N. J.; 
the Anglo-American Iron Co. and the Vermillion Mining Co., in.Canada; the 
American Nickel Works, in Camden, N. J.; the Nickel Corporation, Ltd., and 
the Société Miniére Caledonienne, in New Caledonia. The Société le Nickel, 
owning extensive properties in New Caledonia and a reduction plant in France, 
is not included in the combination, although it is believed that an understanding 
exists between them which will regulate the production and price of nickel, to- 
gether with the apportionment of the trade. Other companies owning properties 
in the Sudbury district, Canada, not in the combination, are: The Mond Nickel 
Co., with a refining plant in England; the Lake Superior Power Co., with a re- 
finery in course of construction at Sault Ste. Marie, and the Nickel Copper Co., 
of Ontario, with a refining plant at Hamilton. The extended use of nickel steel 
explains the interest in the International Nickel Co., taken by the United States 
Steel Corporation, although no official connection exists between the two com- 
panies. 

In Germany the firm of Basse & Selve produces nickel from Norwegian and 
New Caledonian ores and occasionally from copper matte. In addition to this 
firm there are one or two nickel refineries of lesser importance. The Inter- 
national Nickel Co. and the Société le Nickel will control in the near future by 
far the greater part of the production of metallic nickel in the world. 

Austria.—The production of the Martha and Benno nickel mines in the dis- 
trict of Frankenstein, Silesia, has risen very rapidly from 80 tons of nickel ore 
in 1899 to 3,896 in 1900, and it is estimated that the 1901 production is much 
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THE WORLD’S PRODUCTION OF NICKEL. (METRIC TONS.) 


| 
From New Caledonian Ores. United States. 
Canada. | Norway. |- 


Prussia. | France. | England crates ; (6) 


l 
Domestic Imported 


1 ) 1,600 (d) é 3,499 
(a) (a) (a) ; ‘ 8,643 


(a) Individual statistics not yet reported. (b) Nickel in ore and matte, nearly all the Canadian nickel is re- 
fined in the United States. (c) Nickel in Norwegian ore, included in U.S. production from imported ores. 
(@) Statistics not available. 


Norg.—The figures for France and Prussia are from official reports; the amount credited to England has 
been obtained by deducting the output in France from the combined output of the French and English works 
as given by the Metallurgischegesellschaft, A. G., except in 1899, when the English production was reported 
separately. The actual output of all English works is somewhat greater than the above amounts as a little 
Canadian ore is smelted there. The Prussian figures include a small amount of nickel of domestic origin. The 
Canadian figures are those of the Geological Survey of the Dominion. The world’s total has been arrived at 
by adding the production from New Caledonian ores, the output of Canada and Norway, and the domestic pro- 
duction of the United States. In 1899, however, the total represents the total output in the United States and 
the production from New Caledonia ores, since the imports into this country were not derived from Canada 
alone. 


larger. Late in 1900 a Robert-Stollen smelting furnace with a daily capacity 
of 25 tons was erected and in operation during the year. 

Canada.—According to the report of the Dominion Geological Survey, the 
production of nickel in Ontario in 1901 was 9,189,047 lb., valued at $1,859,970, 
against 7,080,227 lb., valued at $3,327,707 in 1900. The detailed statistics of 
Ontario, compiled by A. Blue, Esq., director of the Ontario Bureau of Mines, 
are as follows :— 


Serres eereemmeemenereeeeeee a 
Schedule. 1896. 1897. 1898. 1899. 1900. 1901. 


on 


Ore raised Short tons 109,097 98,155 128,920 203,118 216,695 826,945 
Ore smelted..... avieeters Short tons 78,505 96,093 121,924 171,280 211,960 

Per cent. nickel 2°67 2°08 2°28 ‘67 

Per cent. copper. ‘ 2°86 3 : 

Ordinary matte Short tons 13,706 

Bessemerized matte..Short tons 328 

Nickel content Short tons { 1,999 

Copper content Short tons 2,750 ; A : 4,197 
Value of nickel.... $359,651 5 $1,859,970 
VEINe OL COPPER es oscicceeas dee bes 200,067 176,2¢ 5 589,080 
Wages paid 258,225 443,879 1,045,889 
Men employed 85 535 637 839 1,444 2,284 


In connection with the development of the nickel industry in Canada there 
was considerable agitation in Parliament during 1901 over the proposed Acts 
affecting the levy of an export duty on the copper nickel products of Ontario. 
These Acts, though passed by their respective parliaments, are not yet operative, 
as the necessary proclamations have been withheld awaiting the decision of the 
Supreme Court of the Dominion of Canada, to which the matter has been re- 
ferred on appeal. The Acts referred to are:— 

1. That passed by the Dominion of Canada (Chapter 17 of 60-61 Victoria) 
giving the Governor-General power to levy an export tax on copper nickel 
products of Ontario. The export duty, as passed by Parliament, is as follows:— 

“On nickel contained in matte or in the ore or in any crude or partially manu- 
factured state, and upon copper contained in any matte or ore which also con- 
tains nickel, when exported from Canada, upon such nickel an export duty not 


exceeding 10c. per lb., and upon such copper an export duty not exceeding 
Qe. per lb.” 
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2. That passed by the legislature of Ontario, amending the Mines Act (Chap- 
ter 13 of 63 Victoria) providing for an export duty as follows :— 

“For ores of copper, $2 per ton, or $25 per ton of metal contents if partly 
treated or reduced; for ores of nickel, $10 per ton, or $60 per ton of nickel 
contents if partly treated or reduced ; for ores of copper and nickel, $7 per ton, 
or $20 and $50, respectively, per ton of metal contents of copper and nickel 
if partly treated or reduced.” 

These duties require a proclamation by the Lieutenant- Governor before be- 
coming operative. 

With the exception of 1 147 short tons of copper-nickel matte, which was pro- 
duced by the Mond Nickel Co., at Victoria mines and shipped to England, the 
entire Canadian production of matte during 1901 was refined in the United 
States, which amounted to 58,364 short tons, containing 4,768 short tons of 
metallic nickel. It was with a view to develop the refining of copper-nickel matte 
in Canada that the Acts of Parliament were made. Heretofore, however, experi- 
ments conducted to this end by the Canadian Copper Co. and others have not. 
resulted satisfactorily from a financial standpoint, and this fact, coupled with 
the shipment of nickel ores from New Caledonia and Norway and the active 
exploration of nickel fields in the United States, Toners the proposed legislation 
of doubtful value to Canadian interests. 

(By A. McCharles.)—For several years before 1901 the operations of the 
nickel mines of the Sudbury district were confined to the efforts of one company, 
the output each season varying little from the previous one, but with the com- 
pletion of the Mond Nickel Co.’s plant in May, 1901, and the successful opera-_ 
tion of its plant at the rate of from 150 to 200 tons of ore per day since that 
time, a new and more progressive epoch has been initiated. The Victoria mine 
of this company has been exploited systematically to the fifth level in solid 
massive ore, and to one side of the main deposit a large independent body of 
similar ore has been found. ~The ores average 3% Ni and 3% Cu, a content 
considerably above the paying point. Another property belonging to the same 
company is in the township of Garson, 9 miles to the northeast of Sudbury, 
which is but little developed for lack of railway facilities. 

The Lake Superior Power Co., of Sault Ste. Marie, has been opening the 
Gertrude mine, at Creighton, for a number of years, although but a few carloads 
have been shipped for experimental purposes. In 1901 the company purchased 
the Elsie mine, at McKim, and the Jarvis mine, near Lake Wahnapitae, all 
containing high-grade nickel ore. The Gertrude and the Elsie mines have con- 
tributed about 15,000 tons of ore to the roast heaps during the past year. Most 
of the output of these mines will be converted into matte at the three-furnace 
smelting plant which will be erected during 1902, near the Gertrude mine, instead 
of shipping to Sault Ste. Marie, as was at first intended. In the building of the 
first section of the Manitoulin & North Shore Railway from Sudbury to the 
Gertrude mine the Lake Superior Power Co. has accomplished an exceptional 
improvement of the Sudbury district; the first section, while but 13 miles in 
length, passes close to six good mines, one of them containing the largest ore 
body of the district, and although but three of these mines were operated during 
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1901, the road is said to have paid well during the year. Eventually the road 
will traverse the entire nickel range almost from end to end. : 

The last year of the independent existence of the Canadian Copper Co. was the 
busiest of its 15 years of history. The capacity of the smelting plant was almost 
doubled during the year, but owing to the opening of the Creighton mine, un- 
doubtedly the greatest deposit of nickel-copper ore in the district, the smelter 
was unable to treat all the ore available. 

The mining operations of the Nickel-Copper Co., of Hamilton, have come to 
an unfortunate end owing to the complete failure of the new self-roasting process 
plant erected at Worthington Station. 

New Caledonia.—The Société le Nickel during the latter part of 1901 started 
the erection of a new blast furnace plant at Thio, on Mission Bay, but made little 
progress owing to trouble with the imported Japanese laborers. During the year 
some work was done on the nickel mines of the Canala district, and a little de- 
velopment was also accomplished on the cobalt mines of Bogotha Peninsula. 
Karly in 1902 considerable development work was initiated in the Thio district. 
Messrs. Bardey & Roland purchased the -Prise de ]’Alma, and the Prise de Rivoa 
mines, near Port Bouquet, which will be actively worked during the year. 
M. Bruthiaux has begun work on the Puy-de-Dome mine at Kuakue, and a tram- 
way 3 km. in length is under construction to convey ore from the mines to Port 
Bouquet. The exports of nickel ore from New Caledonia in 1901 were 133,098 
metric tons, as against 100,318 metric tons in 1900, while exports of cobalt 
ore were 2,872 and 2,437 metric tons, respectively. Smelting and refining works 
for the New Caledonia ores were erected at New Castle, New South Wales, and 
extensive beds of nickel ore are reported to have been discovered in the colony 
of New South Wales. 

(By F. Danvers Power.)—The only nickel ore that occurs in New Caledonia 
is the hydrated silicate of nickel, free from sulphur, arsenic or copper, in which 
more or less of the nickel oxide is replaced by magnesia, ferric oxide and alumina. 
Mr. T. Moore, of Noumea, gives this mineral the formula 7Ni0°68i0,+-H,0. 
The mineral occurs in two forms: the usual green noumeaite, which is classed in 
works on mineralogy as amorphous, but acicular and_blade-like crystals of 
which have been found at Dumbea; and the “chocolate nickel,” which looks, both 
in color and grain, like cake chocolate, hence the name. The green ore, which 
when pure contains from 45 to 48% NiO, merges into the brown, which in the 
pure state carries 435 to 46% NiO. At first the “green nickel” was mistaken for 
copper carbonate, while the “brown nickel” was thrown away as worthless earth. 
The darker the mineral, whether green or brown, the richer it is in nickel, The 
noumeaite was evidently deposited from solution, and that mostly from above, 
for the ore bodies are superficial, while the mammalated and stalactitic structures 
tell their own tale. The nickel ore contains a little cobalt, seldom over 
0°6% CoO. There was a reported find of nickel sulphide at Bourail some two 
years ago, and Mr. Moore had some small chips of yellowish nickel sulphide 
brought to him for determination, but on a careful personal investigation of the 
workings alleged to have furnished the samples submitted, I failed to find any 
trace of a sulphide of any kind, though the workings were not extensive, and were 
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still quite fresh. The minerals associated with these nickel ores, beside those con- 
stituting the rock, are chromite and asbolite in small quantities. 

The nickel deposits are found between 400 and 4,000 ft. above the level of the 
sea, generally about 2,000 ft., the country rock being peridotite. The hills and 
valleys appear to have been mostly formed by anticlinal and synclinal curves, the 
latter having been deepened by river erosion, for the country is very well watered. 
Where cuttings intersect spurs that are not too much broken up by landslips, 
one can almost always see an anticlinal structure, the bands into which the 
peridotite is divided giving it almost a bedded appearance. The mountains are 
very steep and do not as a rule have much soil on them; what there is being very 
ferruginous and supporting but a scanty vegetation. The steepness of the 
mountains has helped in the formation of landslips, which are indicated by the 
profile of the spurs. This is interesting as certain of the landslips that have 
broken up the rock to the necessary degree are the sites of the most important 
nickel deposits, while the physical appearance of the surface acts as a guide to 
the prospector. In some places the ore crops out at the surface, at others it is 
covered with red earth in which pisolitic iron is found. In the latter case one 
may walk over the ground several times without finding any trace of nickel. The 
nickel is often leached out of the deposit at the surface, to be concentrated a 
few feet lower down. Pisolitic iron and a network of quartz veinlets are con- 
sidered favorable signs for nickel deposits. What they really indicate is that 
the rock has been more or less broken up and decomposed, and therefore it is 
likely that the nickel originally in the rock has been concentrated in their neigh- 
borhood, though perhaps not showing on the surface. When the peridotite is 
decomposed under ordinary conditions, the magnesia appears to be the first in- 
gredient to be carried away, in the form of carbonate; this is followed by nickel 
and quartz, which are deposited in the joints; the iron becomes oxidized and 
hydrated, and coming in contact with scarcely any solvent capable of acting on 
it, remains behind; furthermore, as it is heavy, when rains wash away the earth 
in which it is imbedded, the pieces of iron ore become concentrated on the sur- 
face. It is interesting to note that fresh undecomposed pieces of peridotite, 
consisting chiefly of olivine, contain nickel up to 1%, from which the occurrence 
of an extensive deposit would appear to prove that either there had been a 
large quantity of rock above it, now disintegrated, or else that the nickel had 
leached out from the higher lying ground. The deposits may be divided into two 
classes: (1) Those in which the ore is found in joints and slides in hard rock, 
and (2) those in which the rock is more or less decomposed, so that it has to 
be worked out in bulk. There can be no sharp division of the two classes unless 
extreme types are taken, though they undoubtedly exist with reference to origin, 
and decidedly affect the mining of the deposits. 

In the former case (1) the joints are filled with rich green nickel that can 
be picked out from the rock which, for commercial purposes, is barren. Being 
rich, the expense of considerable dead work can be borne for the sake of the 
small quantity of ore won. This kind of stockwork is generally caused by the 
sharp bending of the rock, which causes tension joints to form without breaking 
the rock between into small pieces. The walls of the joints may be weathered 
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for an inch or two and this being nickel bearing, is “knapped” off. There are 
also fault planes 3 or 4 ft. wide, filled with rubbed up pieces of country rock 
cemented together with green nickel. These cementations were worked in the 
early days of nickel mining in New Caledonia when only the richest ore paid for 
its extraction. 

At the present time the decomposed deposits (2) produce the. greater bulk 
of the ore. It is mostly brown ore, and is poorer than the green nickel on account 
of being contaminated with so much decomposed rock. It generally accompanies 
a landslip which, in sliding down in a body, breaks up the ground in such a 
manner as to enable the rock to be readily weathered. There is a considerable 
green nickel in these deposits which evidently occupied the joints before the rock 
was so completely decomposed ; possibly some of it was formed before the mass 
slipped down, when it may have constituted the harder deposit. Occasionally a 
hard bar of rock is found which for some reason has withstood the weathering 
action better than the rock surrounding it. It could not be determined whether 
the nickel was limited to any particular variety of peridotite, but it occurs most 
frequently in the more common sorts, probably because there was-more of it 
rather than on account of any slight difference in the proportion of its mineral 
constituents. Sometimes these deposits end rather suddenly against rock, while 
at other times they get poorer gradually. They vary in size from 6 in. to 380 ft. 
in vertical depth. These differences may be due to the varying effects of weather- 
ing action on the rocks under different physical conditions; but very likely the 
shallow deposits are merely the remnants of larger ones, the bulk of which 
has been washed down the hillsides. Without considering any leached surface 
stone that may have to be removed, the part of the deposit nearest the surface 
is the richest portion, getting poorer as it enters the hill; the higher portion 
of the deposit is also richer than the lower, as if only the dregs of the nickel 
in solution escaped precipitation higher up and near the surface and found its 
way lower down the hill. Still, though the deposits are comparatively shallow, 
they cover large areas and there are deposits working now that have already 
produced from 30,000 to 100,000 tons of ore, which have every prospect of yield- 
ing as much again. 

The method of mining is simple open cut work; the ore is taken out in benches ~ 
having faces about 30 ft. high. The ore, after being blended to a shipping grade 
is sent to the low land on aérial ropeways and then conveyed to the coast on 
ground trams, from which it is transferred to lighters for conveyance to ships. 

Chile——During the latter part of 1901 shipments of cobalt ores were made 
from Caldera to the United Kingdom, and it is anticipated that the returns 
will show sufficient profit to render the re-opening of the mines advisable. 

Mexico.—In the Mirador mine, in the State of Jalisco, an unusual occurrence 
of cobalt ore was discovered during 1901. The rock is a blue quartz, very hard 
and tough, showing some minute specks of pyrite. The analyses showed 98% SiO, 
from 0°42 to 0°55% Co, and from 0°40 to 0°50% Fe. The cobalt and iron are - 
combined with sulphur, but apparently not associated with each other. Neither 
nickel nor copper could be determined in the ore. 

Norway.—Experiments made on Norwegian nickel ores at Soetersdalen, at 
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the Osterden works, near Bergen, and at the Foed works near Hangesund, during 
the latter part of 1900, were successful, but little or nothing has been done 
to open the deposits owing to the lack of capital for the opening of the mines 
on a practical working scale. : 

Russia.—During the latter part of 1901 the discovery of rich deposits of white 
nickel and asbestos was reported from the neighborhood of Zanghésour, Province 
of Elizabethpol. 


THE CoBpaLt ORES oF NEW CALEDONIA. 
By F. DANVERS POWER. 


Tux cobalt ore occurring in New Caledonia is cobaltiferous manganese oxide, 
and the output for 1901 amounted to 3,123 metric tons, as compared with 2,437 
tons in 1900. Cobalt ores are generally found associated with nickel ores, 
but independent of the nickel deposits, though the cobalt ore carries from 1 
to 2% NiO, and nickel ore from 0-1 to 0°2% CoO. The cobalt deposits are purely 
superficial and are mostly found on the mountains in a reddish earth formed by 
the decomposition of the peridotite. Miners seek for dark stains of manganese 
oxide, locally called “cobalt smoke,” and depend on these to lead to something 
more tangible, or if they are in a cobalt district, they burrow at random into the 
earth in the hope of striking a body of ore. The peridotite has a band-like 
structure, which has become buckled into anticlinal and synclinal curves. The 
cobaltiferous manganese (probably obtained from the original rock, the residue 
of which now forms the large bodies of red earth) concentrated in the joints, 
especially those of the bed-like type, and in the parts that form the synclinal. 
These main joints are followed by the miners until too small to be profitable. 
The cobalt ore was evidently deposited in the joints before the rock was com- 
pletely decomposed, for the ore can be traced in the joints from the slightly 
decomposed rock into red earth, and also into the rock structure until it is 
obliterated by the apparently uniform mass of earth. When two or more joints 
meet, a pocket of ore may occur. The cobalt ore in the solid rock can be picked 
out by hand, but in the red earth it is often broken up, and so mixed with worth- 
less material that it requires to be cleaned by weathering and washing. The 
red earth being soft is readily washed away by rain and small streams of water, 
and the prospector is aided in his work by exposing the deposits to atmospheric 
agencies, preferably driving a tunnel rather than sinking a shaft. 

The mining is generally carried out in a very primitive and erratic manner, 
but the principle on which the larger mines are worked is to follow a more or 
less horizontal body of cobaltiferous manganese into a hill by means of a tunnel 
as far as it will pay; about every 30 ft. in distance branch drives are put in at 
right angles to the main one, in order to discover the lateral payable limits of 
the ore. When these are found the ore is blocked out from the far end and the 
ground allowed to fall in behind. The drives are most irregular in direction 
and grade and there seems to be no systematic prospecting done to determine how 
many veins of ore there are to be mined and the best way to win them at the 
least possible loss. 

The dressed cobalt ores, which assay from 3 to 8% CoO, are blended to form 
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the shipping grade of from 4°75 to 5% CoO. The cleansing of the ore also is 
very primitive. In the mine the ore is kept as clean as possible from the earth, 
but there is always a certain proportion that cannot be separated by hand picking. 
Ore of this character is sometimes allowed to weather for a few days and is then 
sent down in bags to a creek, where it is crushed by hand with a big wooden 
pestle and washed in a sluice box by shoveling the material against the down- 
flowing stream of water. In this way the ore as mined is concentrated from 
3 to 9 parts into 1. 

It is interesting to note that the cobalt ore at Port Macquarie, in New South 
Wales, is of a similar nature to the deposits in New Caledonia—the ore occurs 
in the joints of altered peridodite and serpentine, more especially in the trough 
folds. At Port Macquerie, however, there is less red earth than in New Caledonia 
and the deposits are not at so high an elevation above the sea level. 


PROGRESS IN THE METALLURGY oF NICKEL DURING 1901. 
By Titus ULKE. 


The Lake Superior Power Co.—This company has completed the first set of 
16 Herreshoff roasting furnaces at Sault Ste. Marie, with which it is proposed 
to roast dead 50 tons per day of finely crushed ore from Sudbury mines, and 
pyrites from Michipicoten. The furnaces are fired by producer gas and the 
sulphurous acid gas produced is utilized for the treatment of wood pulp by the 
sulphite process and for making liquid sulphurous acid. At present the roasted 
ore is briquetted in a Boyd & White press and stored for future use. It hag 
been proposed to manufacture ferronickel from the roasted ore, but its copper 
content is believed to be too high for this purpose. The company has blown 
in one and is erecting two more elliptical water-jacketed furnaces near its 
Gertrude mine on the Manitoulin & North Shore Railroad for treating the 
heap-roasted nickel-copper ore from the Elise and Gertrude mines. Two stands 
each of three trough converters, furnished by Fraser & Chalmers, are to be 
placed on the terrace below the smelting furnaces for converting the daily 
output of about 40 tons of nickel-copper matte. 

The Lake Superior Power Co.’s method of handling ore to and from the 
roast-heaps by locomotive, side-dumping cars and steam-shovel is excellent, and 
is far more economical than the prevailing method of hand-wheeling and shovel- 
ing adopted by the Canadian Copper and Orford companies. 

The Canadian Copper Co.—Among the improvements introduced at the smelt- 
ing works of the Canadian Copper Co., at’ Copper Cliff, is the efficient fluc-dust 
chambers with which the new water-jacketed elliptical furnaces are supplied. 
It has also been profitable to replace a certain proportion of the roasted charge 
in smelting by “green” (t.e., unroasted) ore, although a low-grade matte is 
thereby produced. The Canadian Copper Co. operates about 80 roast-heaps and 9 
furnaces which smelt approximately 900 tons of ore per day. Twelve hundred 
men are employed at an average wage of nearly $2 per day. The ores average 
about 27% Cu and 2% Ni, although the Creighton mine supplies ore that averages 
about 5% Ni and quite low in copper. The cost of roasting at Sudbury has been 
estimated not to exceed 1%c. per ton of ore and the cost per pound of nickel con- 
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tained in the matte lies between 7-2 and 7-8c. At the beginning of the year 1902, 
the average composition of the matte produced by the Canadian Copper Co. was 
about 13°2% Cu, 17°8% Ni, 0°45% Co (=2:5% of the nickel present), 420% Fe 
and 214% S. Besides these elements it contains about 1°90 oz. silver, 0°35 oz. 
platinum and 0°35 oz. palladium per ton, or a total value per ton in precious 
metals of about $13°50. The slag produced at Sudbury varies between 27% and 
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Fig, 1—THe Works oF THE CANADIAN CopPER Co., at CoppER CLIFF. 


38% SiO,, 43 and 46% FeO; and contains about 45% CaO, 2°5% MgO, 10:0% 
Al,O;, 2°0% 8, 0°3 to 0°-4% Cu and 0°3 to 0°'4% Ni. 

The Ludwig Mond Co.—The plant of the Ludwig Mond Co., at Victoria, 22 
miles west of Sudbury, was completed early in the year and smelting commenced 
in May, 1901. The nickel and copper ores are heap-roasted, smelted to matte 
and Bessemerized to a metallic content of 80% nickel and copper. The ore mined 
by this company in 1901 amounted to 46,807 short tons, of which 18,628 tons were 
smelted and produced 1,147 tons of matte containing 462 tons of copper and 455 
tons of nickel. This matte was shipped to England. Since beginning operations 
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the type of the charging thimble has been reduced to 18 in., which permits of a 
better distribution of the charge in feeding the furnace. The walls of the settler 
have been increased in thickness to the extent of an additional width of fire 
brick, which has resulted in prolonging the life of the settler. The granulation 
of the matte has been discarded on account of the difficulty encountered from 
the numerous violent explosions. The following charges were recently made to 
the furnace: From 1,500 to 1,800 lb. roasted ore, from 400 to 750 lb. of low-grade 
siliceous ores, called “rock,” and from 0 to 600 lb. converter slag. Hach charge 
weighed about 2,500 lb. and required 300 lb. of coke for its reduction. Occa- 
sionally green ore is added and at times a portion of the matte is resmelted. 

During 24 hours the converters produced 44 plates, or 11 tons of 80% matte, 
_ which is a very large output considering that only one matting furnace under a 
blast pressure of 3 0z. was in commission. This furnace treated 150 tons of 
material in 24 hours, an amount which could be easily increased by raising the 
blast pressure. The blast is preheated by leading the air from the blowers into a 
passage way, built above the dust flue and separated from it by a steel diaphragm, 
thus utilizing the heat of the waste furnace gases. The air enters near the 
chimney to which the flue leads and proceeds toward the furnaces where the 
furnace gases have the highest temperature. The dust flue is constructed of steel 
plates lined with fire brick and is 160 ft. long, 9°5 ft. wide and 11 ft. high, includ- 
ing the air passage way, which is 24 in. high at its center. (See Fig. 1.) The 
weight of the flue in the smelter building is carried by the steel beams of the 
charging floor. It is estimated that from 400 to 500 tons of ore can be smelted 
daily in two 44120 in. water-jacketed copper furnaces. Hach furnace is pro- 
vided with 8 tuyeres on a side, placed 15 in. between centers, and with a steel 
water jacket 8 ft. in height. A 6-in. water space is allowed between the inner 
and the outer walls of the jackets, which are of 0°375 in. and 0°3125 in. thickness, 
respectively. The side jackets are 5 ft. wide and the end jackets 4 ft. wide. The 
furnace is 18°5 ft. in height from the ground to the charging floor and the 
charging opening is 7X2 ft. in size. The centers of the tuyeres are on a level 
5 ft. 8 in. above the floor. The crucible is 22 in. in height from base plate to 
water jacket and is supported on a thick iron plate resting on 12 cast-iron columns 
3 ft. 1 in. in height. Above the jackets, vertical brick walls 9 in. thick are 
carried a distance of 5 ft. 3 in. to the charging floor. The inner dimensions of 
the furnace at the tuyere level are 3 ft. 8 in.x10 ft. and at the top of the jacket, 
5 ft. 8 in.x10 ft. The slag and matte produced in these furnaces are run into a 
settler or forehearth and there separated by gravity and periodically tapped. 
The forehearth is 9 ft. in outside diameter and 3 ft. 6 in. in height. It is 
supported on 45-lb. rails, riveted to the bottom, the rails resting on rollers 2 in. 
in diameter and 2 ft. 6 in. long, so that the top of the fore-hearth is 4 ft. above 
the floor level. The lining is enclosed in a shell of tank steel 0°1875 in. thick 
at the sides, and 0°25 in. thick at the bottom, respectively, stiffened by 
2°5X2°5X0°5 in. angles. To the half covers of the forehearth are riveted 30-lb. 
rails and 3X3X0°5 in. angles, two lifting handles being attached to the latter. 
The forehearth has a copper spout and a copper tapping jacket 2 ft. wide by 
2 ft. high and 4 in. thick at the tap hole, containing several sections of 1-in. | 
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wrought iron pipe cast in the piece. A guide 18 in. wide and 11°5 in. high is 
bolted to the forehearth and supports the copper spout which is 13 in. long, 
6 in. wide, 4°5 in. high and 1 in. thick, with a flange 11°75 in. wide and 8 in. 
high. At present the slag flowing from the settler is wheeled to the dump and 
poured, but eventually it may be granulated and carried to a pit, from which it 
can easily be lifted by an endless chain and buckets to a bin and loaded in the 
cars. The matte accumulating in the settlers is periodically tapped into movable 
launders and run into the two 6-ton converters. The plant is equipped with six 
converter shells and two stands. The converters are of the horizontal type and 
measure 6 ft. 8 in. in diameter and 7 ft. in length. They rest on roller wheels sup- 
ported by a strong cast-iron frame and are revolved by a vertical rack bar extended 
downward into an hydraulic cylinder and geared with a toothed wheel attached 
to the converter. The wind-box, 6 ft. long and 1 ft. high, is bolted to the con- 
verter and supplies the blast through 11 tuyeres on one level. The Bessemerized 
matte from nickeliferous copper is poured into a ladle suspended from an 
overhead traveling crane and is cast direct into plates. Ordinary clay from the 
neighborhood of the plant is used as a binder with the crushed quartz for lining 
the converter. The newly lined converters are dried by burning a few sticks of 
wood with a slight blast inside. The converting of the nickel-copper matte is 
now carried on as follows: The ordinary matte, averaging between 30 and 
50% Ni-+Cu and varying in composition with the grade of the material fed to 
the smelting furnace, is tapped from the settler and run into the converter so as 
to fill it nearly to the level of the spout in the charging position. During the 
next 30 to 45 minutes the tuyeres are occasionally opened by inserting a cleaning 
_ bar, and finally the converter is tilted and the first slag skimmed. As soon as 
matte begins to show, (determined by peculiar spots appearing on an iron rod held 
in the slag stream) the converter is turned up and the second stage of converting 
commences, which usually lasts about 40 minutes. During this time the iron 
is almost completely removed and a few additional pots of slag may be 
skimmed off. The operation is continued until the slag foams or becomes granular 
and the proper finishing flame appears, accompanied by the right “action of the 
converter,” as determined by the man in charge. ‘lhe Bessemerized matte, if suf- 
licient in quantity, is then poured into a ladle suspended from a traveling crane 
to be east into shallow plates, or, if small in amount, it is allowed to remain in thé 
converter, and an additional quantity of ordinary matte is tapped from the 
settler and run into the converter, and the operation repeated. In this manner two 
or three tappings of ordinary matte are run into the converter before the charge 
is finished and enough Bessemerized matte accumulated to make nine or ten plates, 
each weighing about 500 lb. In these cases three to four hours may elapse between 
the first charging of the converter and pouring of the finished matte. Occasion- 
ally it is necessary to transfer the charge from one converter to another because of 
the dangerous thinning down or burning through of the converter lining. The 
converters are said to stand from 4 to 8 charges of matte before they require 
complete relining. 

According to Mr. Paris, of the Mond Co., a typical analysis of the granu- 
lated converter slag was Si0,, 49% ; Cu, 4% ; Ni, 18°6% ; and Fe, 16:9%. Ordi- 
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nary converter slag averages about 1°5% Cu and from 1°5 to 2% Ni, and is 
returned to the blast furnace feed-floor to be added to the smelting charge. For 
good practice the converter hoods should be built 18 in. higher than those in the 
Mond works, in order to restrict the spattering of portions of the charge; and 
each of the rails attached to the converter body should be in two sections instead 
of one, the joint being placed for greater convenience in handling at the junction 
of the hood and the converter body. 

The composition of the Bessemerized matte produced at Victoria is about as 
follows: Ni, 37°78%; Cu, 41:-4%; Fe, 0°65%; S, 18°37%; and SiO,, 0°19%. 

The Orford Copper Co.—During 1900 the Orford Copper Co. erected a plant 
at Copper Cliff to treat the nickel-copper matte furnished by the Canadian Copper 
Co. The matte is roasted in Brown straight-line calciners and smelted in an 
Orford cupola furnace to a matte containing 80% of Ni+Cu, which is shipped 
to the Orford works for treatment. The following description of the new plant 
was kindly furnished by Mr. J. A. Robert: The equipment consists of a 75-H.P. 
engine, two 125-H.P. boilers, dynamo, Cameron pump, Krupp ball mill, Blake 
crusher, two Brown straight-line calcining furnaces and two cupola smelting 
furnaces as outlined in the plan given in Fig. 1. The copper-nickel matte is 
at B; thence through a spout to the 50-ton Krupp mill at C, after which it falls 
delivered from cars at A and fed to the hopper of the 16X20 in. Blake crusher 
to the floor at D. At present the fine material is taken in barrels to the hoppers 
of the calciners HE, but later it is intended to use a conveyor to carry this ma- 
terial to storage bins located above the hoppers. The calcining furnaces are fed 
automatically and each treats 40 tons per day. The roasted matte containing 
from 8 to 10% S is received at the end of the roasting furnace in a screw con- 
veyor V and is spouted to the boot of the bucket elevator L and lifted to the bin 
O of the two Orford smelting furnaces QQ, adjacent to the bins for ore and coke. 
In front of the bins are two small platform scales PP for weighing the charges. 
There are two boilers at JT and an engine house U with two Sturtevant blowers to 
furnish blast for the furnaces. A small electric plant Z will supply are lights 
to light the works with and will furnish current for use in the laboratory. 
W and X are railroad tracks for handling material to and from the works. Coal 
is received in bins at V and falls by gravity through a door at M in front of the 
fireboxes NNN of the calciners HH. The carpenter shop, blacksmith shop and 
storehouses are located along the track X on the lower level. The office, labora- 
tory, drafting room and club house are on the higher levels near the works. Each 
Orford furnace is of 100 tons daily capacity, and the dust flues RR, one over the 
other, lead from the furnace to the stack S. It is intended to produce a finished 
matte of 80% Ni+Cu which will be received from the spout of the cupolas on 
a patented conveyor not yet put in place. Chalcopyrite ore, high in silica, from 
the Massey mine is to be used in the cupolas with calcined matte. The plant is 
located on the side of a steep hill, the crusher at B being 25 ft. above the floor of 
the calciners. The crushers, calciners and furnaces occupy a space 180X160 ft. 
under one roof and the plant is planned to handle materials as cheaply as possible 
by utilizing gravity. 

Shuler’s Process of Treating Sudbury Ores.—Dr. Shuler has proposed the 
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use of magnetic separators to remove the iron and nickel minerals from the 
Sudbury ores which, he believes, will yield a nickel ore containing as little as from : 
0-1 to 0°2% Cu, an amount too small to interfere with the finished steel made 
from these ores. The nickel portion, which carries most of the iron and sulphur, 
is dead roasted, briquetted and smelted into nickeliferous pig iron in an iron 
blast furnace. As the Sudbury ores carry but little phosphorus and as most of 
this is removed by the magnetic separation, the resultant pig iron will be very 
low in phosphorus, 0°03% P or less. (United States Patent No. 697,370 of 
April 8, 1902.) 

Browne’s Electrolytic Process for Depositing Nickel—lIt is understood that 
for some months a plant near Cleveland, O., has been producing from 8 to 15 
tons of nickel per month, operating under a Canadian patent of David H. 
Browne.: This electrolytic process consists of the following steps: Anodes of 
copper-nickel alloy and cathodes of pure copper are suspended in a solution of 
copper-nickel chlorides which is continuously regenerated by passing it through 


A. Anodes. B. Cathodes. C. Electrolytic. D. Water-sealed anode cell. H. Pipe from ammonia tanks. 
F, Pipe conveying chlorine gas to tower. 


Fic. 2.—BROWNE’S ELECTROLYTIC PROCESS FOR THE ELECTROLYTIC SEPARATION 
oF NICKEL AND COPPER. 


a tower filled with Bessemerized matte or alloy to be treated, in contact with salt 
solution and chlorine gas evolved from the nickel precipitating process. When 
the electrolyte is rich in nickel, and the copper nearly all deposited on the copper 
cathode, the remaining copper and the iron are precipitated therefrom in turn 
by hydrogen sulphide or a similar reagent, and I am informed, ammonia, 
and the nickel chloride solution electrolyzed in contact with carbon anodes 
in a water-sealed compartment (see Fig. 2) and pure sheet nickel cathodes. 
The chlorine evolved from the anode compartment is conveyed to the regenerating 
tower. 

Ulke’s Continuous Electrolytic Process for Separating Nickel and Copper.— 
With the Ulke process it is most advantageous to use a material consisting of not 
over 20% Ni and not less than 80% Cu, which is cast into anode plates. The 
electrolyte consists of a solution of copper and nickel sulphate, and contains an 
excess of free sulphuric acid,—and the cathodes are of pure sheet copper. The 
electrolyte is heated and kept in circulation, and from time to time portions of it 


1 No, 74,401 of Jan, 14, 1902, reissue of No. 69,729 of Dec. 21, 1900. 
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are withdrawn from the electrolytic vats to be re-standardized. The following 
rule is observed in withdrawals: If, for example, the anode contains 10% Ni and 
is completely dissolved in 10 days, and if the percentage of nickel in the electrolyte 
is maintained at 4%, it is found that about 3% of the total volume of solu- 
tion in circulation should be withdrawn daily. The electrolyte withdrawn is re- 
placed with an equal volume of copper sulphate solution, containing an excess 
of sulphuric acid, to re-standardize the electrolyte. A portion of this copper 
sulphate is obtained as a by-product in the extraction of the nickel as is outlined 
later in this description. While the withdrawn electrolyte may be treated with 
ammonium sulphate to precipitate the copper, and the filtrate refrigerated to 
obtain the double nickel-ammonium sulphate, it is preferable to effect the separa- 
tion by a cyclic process in which the copper is precipitated with hydrogen 
sulphide, and after filtering, the copper sulphide precipitate is treated by heat 
and sulphuric acid to recover the hydrogen sulphide and to make the by- 
product copper sulphate. The nickel sulphate is made ammoniacal, and used 
hot as an electrolyte for the precipitation of the nickel, using anodes of lead 
and cathodes of sheet nickel. To avoid impoverishment of this electrolyte, 
portions of it are periodically withdrawn, the ammonia recovered for re-use and 
the nickel sulphate added to the electrolyte as needed to preserve the proper 
strength. ‘This process is economical, and produces nickel of high quality con- 
tinuously and cheaply. 

Deposition of Tough Sheet Nickel_—Dr. Moritz Kugel, of Berlin, has obtained 
a patent? for the production of a tough, flexible and extensible sheet of nickel 
of homogeneous non-crystalline structure, and of any required thickness, which 
is made by subjecting a solution of nickel salts to an electric current at a tempera- 
ture of 30°C. and upward, this electrolyte being kept acid by continuous additions 
of a non-electrolyzable acid such as per-chloric, per-bromic, or sulphuric acid. 

Electrochemical Behavior of Nickel Ammonium Sulphate-—W. Pfanhiuser® 
states his conclusions with reference to the electrolysis of nickel ammonium sul- 
phate solutions: 1. Nickel-ammonium sulphate has a greater specific electric con- 
ductivity than nickel sulphate. 2. In complex solutions the double salt dissociates 
completely, while in dilute solutions it is proportionate to the concentration, 
being partial or complete. Therefore if the electrolyte is not circulated mechan- 
ically, the complex salt will be simultaneously decomposed at the cathode and 
re-formed and crystallized at the anode. 3. At the anode, an oxidation of nickel- 
ous to nickelic sulphate takes place continuously, and, by hydrolytic dissociation, 
a deposit of nickel hydroxide is deposited on the anode, unless an excess of 
sulphuric acid be present which reduces the nickelic sulphate to nickelous 
sulphate, sulphuric acid, and oxygen. 4. As long as the operation is conducted 
with normal low current densities, the separation of nickel on the cathode is of 
a purely secondary character. With higher current densities the solution near 
the cathode is depleted of metallic constituents more rapidly than these are 
replaced by diffusion, the complex salt, being decomposed into nickel and am- 
monium sulphates, which carry the current. Whenever nickel sulphate acts as a 
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current carrier, a primary deposition of nickel occurs, which increases with the 
further dilution of the electrolyte near the cathode. Since a primary deposition 
cf. nickel is powdered and black, dilute solutions and high current densities are to 
be avoided. 5. By circulating, stirring or heating the electrolyte, the differences 
of concentration are equalized, and a higher cathode current density may be em- 
ployed. Whenever the electrolyte contains a metallic salt capable of different 
stages of oxidation, a counter electromotive force is produced which varies with 
different metals as anodes, according to the difference in the rise of potential, 
between the anodes and the normal electrolyte. 

Electrolytic Separation of Cobalt from Nickel——D. Balachowsky* suggests 
the separation of cobalt from an acetic acid solution of the metals, to which has 
been added for each 0°3 g. of metal, 3 g. of ammonium thiocyanate, 1 g. of urea, 
and from 1 to 2 ¢.c. of ammonia to neutralize the excess of acetic acid, the whole 
being diluted to 100 c.c. A maximum E.M.F. of 1 volt, and a minimum current 
density of 0°8 amperes is employed, at a temperature of from 70 to 80°C. The 
cobalt is retained in solution while the deposited nickel is dissolved from the 
cathode by nitric acid and the solution filtered to remove the sulphur from the 
nickel sulphide plated on the cathode, and electrolytically treated in the presence 
of ammonia. The cobalt solution is evaporated, acidified with nitric acid, filtered, 
ammoniated and electrolyzed. Cobalt is extensively used in Europe for the 
production of a bright purple dye. In America, at the American Nickel Works, 
Camden, N. J., cobalt oxide is prepared from cobalt ores from Mine la Motte, Mo. 

Nickel Alloys——Nickel aluminum sheet is now made commercially with a 
tensile strength of 40,000 Ib. per sq. in., and an elastic limit of 25,000 lb. per 
sq. in. Its price is the same as for aluminum sheets of the same size and thickness. 
Various alloys of aluminum and nickel are described elsewhere in this volume 
in the section devoted to aluminum. : 

Ferro-nickel, containing 25, 35, 50, and 75% nickel respectively, and analyzing 
about 1% ©, 0°3% Si, 0:02% S, and 0°03% P, is manufactured in large quan- 
tities so that the percentage of nickel required in steel may be absolutely con- 
trolled. The ferro-nickel is malleable and homogeneous and may be readily rolled 
or drawn. 

Chrome-nickel containing usually 73% Cr, 23% Ni, 25% Fe, 1% OC, and 
0°5% Si, is used in making a high-grade steel containing fixed percentages of 
chromium and nickel, to be utilized in the manufacture of armor plate and pro- 
jectiles. Plates made by this process are said, when tempered, to be superior to 
Harveyized steel armor-plates. ; 

Tungsten-nickel is now supplied by several firms, for steel manufacture, 
of a general composition of 23% Ni, 73% W, 25% Fe, 1% O, and 0°5% S.. 

Molybdenum-nickel alloy may be obtained in a fused state, instead of the 
powder commonly produced. Its composition ranges from 45 to 75% Mo, 
20 to 50% Ni, 2 to 25% Fe, 1 to 15% C, and 0°25 to 05% S. The use of 
molybdenum in powdered form led to an irregular product caused by the losses 
of molybdenum by oxidation, and the substitution of a fused alloy, is said to 
insure an absolutely uniform product, containing a percentage of molybdenum 


* Comptes Rendits, 132 (24), 1492-1495. 
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which is variable at will. As molybdenum containing from 95 to 98% Mo, is 
difficultly fusible, and consequently hard to alloy with steel, it is first alloyed 
with nickel, and largely used in the manufacture of forgings, guns, wire, boiler- 
plate, and shells. 

Nickel Steel.—Both metallic nickel and nickel oxide are used by the Bethle- 
hem and Homestead works for making nickel steel. The Orford product at 
present contains about 99°21% Ni and 0°13% Cu. 

Electrolytic Manufacture of Nickel Forms Direct from Solutions.—Deposits 
of nickel capable of being rolled or hammered are now manufactured with entire 
feasibility.” Owing to the necessity for the use of a hot electrolyte to effect the de- 
position, wax or fusible matrices are inapplicable. Fusible metal cores alloy with 
the deposited metal to such extent that it is impossible to obtain clear and brilliant 
surfaces. Collapsible molds are expensive and difficult to construct. A matrix 
recently patented by Carl Steinweg, of Ludensheid, Westphalia, apparently solves 
the problem: The matrix is formed of a metal or alloy of low tensile strength 
such as lead, and has an external face which is smooth on which the metal is 
electro-deposited. Its inner surface is grooved so that the sections between the 
grooves may be readily stripped from the interior of the finished article. A 
recent patent® of Messrs. Kugel and Steinweg seems to offer a practical way for 
avoiding irregular deposition on the cathode, on account of the shape of the 
article to be manufactured. A perforated anode exactly corresponding to the 
shape of the article desired to be produced is constructed hollow of glass or 
ebonite, and hung in the electrolyte above the cathode. The hollow anode is 
filled with filings or cuttings of the metal to be deposited at the cathode. Strips 
of the same metal are buried in the mass of filings to serve as conductors, and 
as the electrolyte but slowly permeates the mass they are not quickly destroyed. 
As the anode and cathode so perfectly correspond in their adjacent surfaces, the 
distance between them may be reduced to a minimum, with consequent reduction 
of the resistance, an advantage in working which is not practicable with present 
methods. 


sae Electrical World and Engineer, March 15, 1902. 6 German Patent No. 113,871 of 1900. 


OCHER AND IRON OXIDE PIGMENTS. 


Tue production of all mineral paints, including ocher, umber, sienna and 
iron oxide in 1901 was 43,036 short tons, valued at $516,306, as compared with 
41,917 short tons, valued nominally at $461,087 in 1900, while the imports of 
these products were respectively 11,149,274 and 10,974,544 lb. The production 
of Venetian and Indian reds in 1901 was 9,201 short tons, valued at $153,467, 
as compared with 6,352 short tons, valued at $110,658 in 1900. The leading 
States in the production of ocher are Pennsylvania, Georgia, California and Ver- 
mont, while iron oxide comes largely from New York, Pennsylvania and Ten- 
nessee. Umber and sienna are produced chiefly in Illinois and Pennsylvania. 
Under Venetian and Indian red is included only the pigment made by calcina- 
tion of copperas. The chief producers are the American Steel & Wire Co., at 
Waukegan, IIl., and Worcester, Mass.; C. K. Williams & Co., Allentown, Pa: 
S. P. Wetherill & Co., Philadelphia, Pa.; and Mepham & Klein, St. Louis, Mo. 


IMPORTS OF OCHER, UMBER AND SIENNA INTO THE UNITED STATES. 


Ocher of All Kinds. Sienna. 
Umber. Bos eR 
Dry. Ground in Oil. Total. (b) Dry. Ground in Oil. 


Pounds. | Value. | Pounds} Value. | Pounds. Value. | Pounds. | Value. | Pounds.} Value. | Pounds} Value. 


18971a 7,720,075] $59,272} 20,128 | $1,000 7,740,198 | $60,272] 1,447,889)$14,479 580,468, $12,340] 7,058) $481 
1898] 5,898,720] 46,571} 31,460} 1,546 5,930,180 | 48,117} 1,123,079] 9,051 544,713) 11,451 4,008} 280 
1899] 9,765,616] 72,825} 14,881 756 | 9,780,497 | 73,581] 1,739,036] 13,336 | 758,691 14,242) 6,484) 492 
1900| 8,449,252} 57,342} 19,167} 1,019 8,468,419 | 58,361) 1,703,256) 11,862 | 796,534 14,912] 6,335) 495 
1901) 8,546,691) 83,196} 16,788 918 | 8,563,429 | 84,114] 1,465,481) 12,510 1,106,553} 18,294) 18,861} 1,004 


(a) Includes 241,452 Ib. entered as crude and 1,416,587 lb. as powdered. (6) In 1897 includes 14,471 lb. ground 
in oil and 1,433,418 lb. dry, crude or powdered; in 1898, 4,608 lb. ($323) ground in oil and 1,118,471 Ib. ($8,728) 
crude, powdered, washed or pulverized; in 1899, 4,849 Ib. ($300) ground in oil and 1,734,187 Ib. ($13,036) dry, 
crude, powdered, washed or pulverized; in 1900, 11,653 Ib. ($723) ground in oil, and 1,691,603 Ib. ($11,139) dry, 
crude, powdered, washed or pulverized; in 1901, 3,184 lb. ($178) ground in oil and 1,562, 248 lb. ($12,337) dry, 
erude, powdered, washed or pulverized. 


Iron oxides and Venetian red are produced from natural and artificial sources, 
principally the latter in connection with the manufacture of copperas, which is 
made as a by-product from the spent vitriol used in cleaning wire and wire . 
rods. The bottom crystallization of copperas is too impure to be disposed of 
in a commercial way and, as its use is limited, the greater part of it is converted 
by different processes into iron oxides. 

The principal method of manufacture is called the “dry process,” in which 
the copperas is roasted in a furnace with an admixture of lime or similar ma- 
terial to neutralize the acid in the sulphate, until the required strength and color 
are obtained. This method is considered the cheapest and quickest for the 
production of low grades of oxides. Copperas alone is roasted a sufficient length 
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of time until only the pure oxide remains, which is then reduced with the aid 
of a filler, as whiting, to form the different grades of Venetian red. Samples 
of this product sometimes have as little as 10% of iron:oxide or coloring power. 
The dry process varies in details of furnace arrangement, crucibles, application 
of heat, ete. 

There is also in use a “wet process,” which is more economical, although the 
product is not as uniform as that produced by the dry process. By the wet process, 
the waste pickling liquor is treated direct for its iron content. Several patents 
have been applied for on the principle of passing steam direct to the waste acid 
solution for the purpose of oxidation, while in others, milk of lime, sodium ear- 
bonate, or other precipitant, is added to the waste liquor to precipitate the iron 
as a hydrate or carbonate, which is collected at the bottom of the tank and sub- 
sequently separated by passing the liquor and precipitate through filter presses, 
where all moisture is removed. The press cakes are roasted in furnaces, cooled 
and packed for the market without grinding. The product is of medium strength, 
not uniform, and can only be used for limited purposes. Apart from the above- 
mentioned methods, different colors and strength of oxides are produced by the 
addition of natural ores and ochers. Furthermore, iron ores in different parts 
of the country are also ground and sold direct as Venetian reds. The strength, 
color and fineness of natural reds, however, are inferior to the manufactured 
article and do not command as high a price. Considerable improvement has been 
made in the domestic product during recent years, and importations are decreas- 
ing. It is probable that nearly the entire domestic demand for high and low-grade 
iron oxides will be filled in the United States in the near future. 

The principal manufacturers of iron oxides and Venetian red aré: the Ameri- 
can Steel & Wire Co., at Worcester, Mass., and Waukegan, Ill.; ©. K. Williams 
& Co., Easton, Pa.; S. P. Wetherill & Co., Philadelphia, Pa. ; Henry Erwin, 
Bethlehem, Pa.; Mepham & Klein, St. Louis, Mo.; and Hanna & Andrus Co., 
Chicago, I]. There are also smaller producers in the country who devote their 
attention to the mined and natural reds only. . 

Market.—Prices in New York during 1901 averaged about $13 per ton in 
barrels for the mined reds, some of those mined in Maryland and the South being 
offered at $10. For the manufactured or copperas reds, prices averaged about 
$22 per ton, while for the iron oxide red considerably higher prices were obtained, 
depending entirely upon the strength of iron and color. None of the domestic 
producers report having operated its works to its full capacity for any length of 
time on acount of the production being in excess of the demand. Tt is also 
claimed that this business could not be operated profitably alone, but must 
be run in connection with another industry or as a means of disposing of waste 
material. There is but little opportunity for the development of export business 
as foreign mills manufacture iron oxides as a by-product besides producing 
natural reds and ochers. 

Venetian reds and iron oxides are used principally where a low priced paint 
of durability is required, as for railroad, bridge and car work, roof and building 
paints, or as a preservative of iron. These paints are also used considerably in 
paper mills for sheathing-in color paper and in the manufacture of leather board. 


PETROLEUM. 


By F. H. OLIPHANT. 


A conspicuous feature in the world’s production of petroleum for 1901 was 
the remarkable increase in the supply of the lower grades, and the gradual de- 
cline of the higher grades of mineral oil in the fields of the United States. The 
discovery of new sources of petroleum supply in the Southwest has greatly ex- 
tended the area of our fuel oil territory, while the fields from which is obtained 
the more valuable illuminating and paraffine products, are slowly but surely be- 
coming exhausted, and new territory is absolutely necessary in order to sustain 
the present annual output. The consumption of petroleum for fuel purposes is 
assuming very large proportions, and both Russia and the United States have 
greatly increased their output of this quality of petroleum. The lighter products 
are likewise finding more extensive use as illuminants and for motor purposes. 
A large demand has also been created for them ag a gas oil. Several large re- 
fineries are now in course of construction near Philadelphia, which will manu- 
facture an oil exclusively for gas purposes, from the inferior crude product of the 
Gulf petroleum fields—the residuum finding a market as a high test fuel oil. 


PRODUCTION OF CRUDE PETROLEUM IN THE UNITED STATES. (BARRELS OF 42 GAL.) 


. . Indiana 
Appalachi} Cali- Colo (Lima : Ohio. Ww 
Year. an Wield. | fornia. feared = Kansas.| (Lima Texas. NAGS Other Total. 
(a) (b) rado, I oO Field.) (e) ming. | States. 
LOOT aiciaesiets 35,249,700 | 1,911,569 | 650,000 | 4,353,138 |(c)90,000 | 18,507,000 65,000 | 15,000 |(2) $8,000 | 60,849,407 
TRGB: eee 31,625,360 | 2,249,088 | 650,000 | 3,751,307 | 88,000 | 16,578,000] 544,620 | 3,500 |(a) 10,000 | 55,499;875 
BOO ss cinmieioks 82,870,689 | 2,677,875 | 600,000 | 3,818,713 |(¢) 69,556 | 16,565,092) 601,308 6,071 |(d) 25,000 | 57,234,304 
L900 nee 35,540,965 | 4,250,000 | 525,000 | 4,329,950 |(d)65,000 | 16,407,704] 800,000 7,200 |(d) 30,000 | 62,588,544 
» Ct) eee 33,618,180 | 8,786,330 | 460,520 | 5,757,086 | 179,150 | 16,176,293] 4,393.660 | 5,400 12,623 | 69,889,194 


(a) Includes New York, Pennsylvania, West Virginia, and part of Ohio. The statistics of production in this 
field and the Lima field in Ohio as given in previous volumes of THE MinERAL INDUSTRY were based on the pipe- 
line receipts reported by the Oil City Derrick. They have been changed in the present volume so as to 
represent the actual production. (6) Statistics of California State Mining Bureau. (c) Statistics of State 
€ eological Survey. (d) Estimated. (e) 'The statistics for 1899 and 1900 were furnished by Mr. C. F, Z. Caracristi. 


Natural gas has become an indispensable agent in the economical operation 
of oil wells in the older portions of the producing region. The application of 
the gas engine to pumping oil wells has greatly cheapened the cost of production, 
and made it possible to operate the smallest wells at a profit. A failure of the 
natural gas supply in the oil country would result in the immediate abandon- 
ment of thousands of oil wells with a great decrease in the production and an: 
increase in the cost of bringing the crude petroleum to the surface. 
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The following table gives a careful estimate of the quantity of petroleum pro- 
duced in the world in 1900 and 1901 by countries. There are a number of 
countries that produce petroleum to a small extent, from which it has so far 
been impossible to secure any reports, because the business is carried on in the 
most primitive manner. 


PRODUCTION OF CRUDE PETROLEUM IN THE COUNTRIES OF THE WORLD. (a) (IN 
METRIC TONS.) 


Austria. |Hungary. 


Canada. 


Germany 


India. 


Italy. 


Japan. 


Russia. 


United States. 


101,682 
99.310 
98.044 

113,718 
91,139 


20,395 
23,303 
25,789 
27,027 
50,464 


60,228 
76,884 
71,627 

106,000 

140,034 


2,524 
1,932 
2°015 
2.242 
1,683 


(b)81,814 
42.184 
(c)59,980 
(c)100,882 
64.503 


| 
| 


7,105,768 
7831.254 
7,841,671 
8,470,925 

10,524,919 


(a) From the official reports of the respective countries. This table is only partially complete since it does 
not include the production of Roumania, Sumatra, Borneo, Java, South Africa, Peru, and some other countries. 
(b) Estimated from hectoliters. (c) Crude oil. 


Petroleum is known to be produced and used to some extent in China, Persia, 
Turkey, and several of the South American countries besides Peru. 

A general idea of the stocks on hand at the end of the year in the different 
districts may be gained from the following table in which the amounts are 
expressed in barrels of 42 gal. :— 


Appalachian. 


1898. 1899. 1900. 
11,541,753 | 18,451,191 | 18,147,717 
The average prices of petroleum in the Appalachian and Lima fields are given 
below :— 


Lima. 
1899. 
10,345,927 


1901, 
17,760,306 


1900. 
14,988,928 


9,635,492 15,180,892 


MONTHLY AND YEARLY AVERAGE PRICE OF PIPE-LINE CERTIFICATES PER BARREL 
OF CRUDE PETROLEUM AT THE WELLS IN THE APPALACHIAN FIELD. 


Jan. Feb. |March.| April. | May. | June. | July. | Aug. | Sept. | Oct. | Novy. 


$0- 85% 
0° 824 
1°13 
1°398 
1:078 


$0° 864 
0-874 
1°184 
1°254 
1°05 


.| $0-88 
0°65 
1°17 
1°663 
1°69} 


$0-904 | $0°92% 
0-674 | 0°788 
1:15 | 1°13 
1:68 | 1°68 
1:25 | 1:29 


$0°71 |$0-693 |$O- 672 |$0-6 
0-6 1014 | 1°134| 1-1 
1:44} | 1°502 
1:23 | 1°108 
1°25 | 1°30 


5 
68 


AVERAGE MONTHLY PRICES OF CRUDE OIL IN THE LIMA FIELDS. (a) 


—————$—$———————— ee "— 


1898. 


South 
Lima. 


North 
Indiana oa 


1899. 


South 
Lima. 


Indiana’ 


| January.. 
February. 


September 
October... 
November 
December. 


Average... 


“gor 4t 
0°45 


0:79 


$0°80 
0°80 
0°79 
0°79 
0°8136 
0° 8514 
0°9014 
0° 93814 
1°0354 
1-074 
1°1134 
1°1614 


0°75 
0-74 

0°74 

0°7634 
80 

8516 
R814 
9834 
0224 
0634 
1114 


0 
0 
0 
0 
1 
1 
1 


$0-75 | $0°75 


1901. 


North 
Lima. 


‘South 
Lima. 


Indiana 


0°%5 


DBOOwWRR Oe 
RSS 


MNIOmooorwvorne 
ae 
EES 


Sooo OOr Ht ht 


© OL 


$0: 8714 
0°91 
0°9314 
0-881, 
08014 
0°79 
0°84 
0°91 
09114 
0-94 
0°94 
0° 885¢ 


$0° 8214 
0°86 


$0°8214 
0°86 
0°8814 
0°8314 
0°7554 
0-74 
0°79 
0°86 
0° 8614 
9-89 
0°89 
0°835¢ 


$0 6376) $0°5876 


$0°8744| $0°6714 


0 
$0 


-9634| $0°8814 


“$0.8314| $0°8314 
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The exports of mineral oils from the United States during 1901 were far in 
excess of the previous year. The figures for the last five years are as follows: 


EXPORTS OF MINERAL OILS FROM THE UNITED STATES. (IN GALLONS. ) 


(1 = 1,000 in quantities and values.) (a) 


Year. P Ue Naphthas. Illuminating. Peay ie esa Residuum. Totals. 
1897..... | 121,864 | $5,044 | 13,704 |$1,020 | 804,446 |$46,876 52,659 | $6,782 | 12,247 $335 1,004,920 |$60,007 
1898..... 120,436 | 5,016 | 17,257 | 1,071 | 764,823 | 38,895 65,526 7,626 | 30,486 815 998,478 | 53,423 
1899..... | 118,690 | 5,958 | 18,210 | 1,597 | 733,893 | 49,173 71,105 8,656 | 21,609 658 962,007 | 66,042 
19008 65 | 138,161 7,341 18,570 | 1,681 739,136 | 54,693 | 71,211 9,933 | 19,750 845 986,855 | 74,493 
1901..... 127,008 | 6,088 | 21,685 | 1,742 | 827,222 | 53,491 75,291 | 10,260 | 27,596 | 1,255 1,078,802 } 72,786 


) 


(a) In addition to the above, the following quantities of paraffine and paraffine wax were exported: 1897 
oe ($5,284); 1898, 166,317 Ib. ($6,363); 1899, 181,861 Ib. ($7,650); 1900, 157,108 Ib. ($8,186); 1901, 151,695 Ib. 

The average price of refined petroleum at New York in 1901 was 6°2c. per gal., 
as compared with 2°04c. per gal. at Batum and Novorissisk, en the Black Sea, 
which is a very wide difference in value between the two articles. Were it not 
for the superior quality of the United States product, as well as the superior 
methods of delivering the manufactured products, it would be impossible to 
market the quantity that is now disposed of. It must be remembered that a 
large percentage of the Russian refined petroleum is a by-product. Owing to the 
great demand for fuel petroleum, and as the crude cannot be marketed as such 
until the more volatile products are removed and the fire test is sufficiently raised 
to conform to the Government standard, it is necessary to pass it through the 
process of distillation, by which the smallest possible quantity is converted into 
naphtha and illuminating product. The much larger proportion is marketed for 
fuel under the name of “residuum” or “astatki.” 

The quantities of naphtha, illuminating, lubricating and paraffine oils exported 
from the United States and Russia in 1901, in gallons, were as follows :— 


Lubricating and 


Country. Naphtha. Tlluminating. Paratine Total. 
United! States ccc ticstcsiss verieisiee 21,685,000 827,222,000 75,291,000 934,198,000 
ER URS Sea ears e 6 6 pe area che pre nes ccaul cleucketatcheliona tagalog Unie @iesae 828,732,460 38,459,820 867,192,280 
TR OLIA isi Siaisicresiee eh cclaeete siete | 21,685,000 1,155,954,460 113,750,820 1,301,390,280 


The quantity of crude, residuum and distillate is omitted from both countries. 
Of the products named in the above table the United States exported 71% and 
Russia 29%. 

The chief markets of the manufactured products exported from the United 
States, Russia and other countries are the United Kingdom and Germany. 

The following is an official statement of the importation of petroleum and its 
products—illuminating and lubricating oils—into Great Britain for 1899, 1900 
and 1901, in Imperial gallons, which are one-sixth greater than the United States 
gallon :— 


IMPORTS OF PETROLEUM INTO GREAT BRITAIN. (IN ENGLISH GALLONS. ) 


Countries. 1899. 1900. 1901. 
UWnited Sbatese cy davis + teciecs sos) sine isis Hae 166,192,455 153,776,766 162,791,209 
RASA esc ascittseatonslne deidsiee sent we 69,816,972 87,765,897 78,207,884 
All other countries...... seen egeeees Bi Giclee aaapine ence’ 4,187,940 13,435,380 13,517,065 


Total... 0. ccccsessee Waleraimcereleteremtale Maledisiv eisiececniace 240,147,367 254,978,043 254,516,098 
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The total exportation for the past two years has been nearly the same in quan- 
tity, although it will be seen that the amount imported from the United States 
has decreased from 69% of the total importations in 1899, to 60% in 1900, and 
increased. to 64% in 1901, as compared with 29% imported from Russia in 1899, 
34% in 1900, and 31% in 1901. A comparison of the two last years. shows that 
the United States is increasing the sale of petroleum products at the rate of 
6% yearly, while that of Russia is declining at the rate of 11%. 

The average price for the United States refined petroleum at Liverpool during 
1901 was 7d., or 14¢. per Imperial gallon—which is one-sixth larger than the 
United States gallon—as compared with 6°25d., or 12-5e. per gal. for the Russian 
refined. 

The increase in quantity has been sold at higher prices for the American 
products, in the face of the fact that there is a very large amount of English 
capital invested in the Russian petroleum fields at Baku, which would naturally 
be interested in the sale of the Russian product within its own limits as against 
the interest of the other countries. The increase in the sales of the United States 
product must therefore be due entirely to the superior quality of the article 
which is sold on its merits alone. 

The exports to Germany for the years 1899, 1900, and 1901, have been made 
up from the countries exporting the manufactured petroleum, and embrace the 
naphtha, illuminating and lubricating products in gallons exported from the 


Qa 


United States and Russna. 


REFINED PETROLEUM EXPORTED TO GERMANY BY THE UNITED STATES AND RUSSIA. 
(UNITED STATES GALLONS.) 


Countries. 1899. 1900. 1901. 


Wnited States acacia acten ste s ektes cc melas 128,074,786 141,626,015 150,261,515 
Russia 26,310,340 29,994,478 21,914,240 


154,385,126 171,620,493 172,175,755 


These figures also indicate the increasing consumption of the United States 
product. Of the total of these two countries, the United States furnished 83% 
and Russia 17% in 1899, as compared with 83 and 17% in 1900, and 87 and 13% 
in 1901. The price per United States gallon at Bremen averaged close to 9:5e. 
per gal. in 1901 for United States illuminating petroleum, and about 8:75c. for 
the Russian product. 

In 1901 the United Kingdom and Germany together consumed 34% of the 
total exportation of the United States, as compared with 37% of the total 
Russian exportation. The combined exportation of these countries amounted to 
313,053,412 gal. from the United States, and 100,122,124 gal. from Russia, 
making a total of 413,175,536 gal., amounting to 32% of the total exportation 
from the United States and Russia. The remainder found a market in other 
parts of the world. 

The increase in the total production of petroleum in the world during 1901 
over that of 1900 was 7,541,335 bbl., or 12%. Russia produced 51°4% and the 
United States 41°9% of the total output, leaving but 67% to be produced by 
all other countries. While this proportion holds true so far as the gross produc- 
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tion is concerned, it is not, however, a true comparison when the quantity and 
quality of the higher grades of illuminating, lubricating, paratfine products 
and other derivatives are considered. The amount of naphtha, illuminating, 
lubricating and paraffine products secured from the production of 69,389,- 
195 bbl. of crude oil in the United States is estimated to be not less than 
47,560,195 bbl., amounting to 1,997,520,000 gal. Of this amount 911,120,- 
944 gal. were exported after deducting 151,629,462 gal. of crude, also ex- 
ported. This represents 55% consumed at home, and 45% exported, while the 
average yield of manufactured products upon all the petroleum produced in the 
United States is 68°5%. 

From the Russian field there were exported to other countries during 1901, 
428,657,210 gal.; of this amount 14,534,990 gal. were crude and residuum, 
leaving 414,122,990 gal. of illuminating, lubricating, distillate and solar petro- 
leum, as compared with 911,120,944 gal. of manufactured products exported from 
the United States. Therefore, for every gallon exported by Russia, the United 
States exported 2°2 gal., or 69% of the total manufactured products from 
petroleum are shipped abroad from the United States, as compared with 31% 
from Russia. Of the 85,168,555 bbl. produced in Russia, only 11,805,551 bbl., 
or 495,833,154 gal., were converted into manufactured products. This amount 
represents but 13°8% of the total production of crude in Russia, as compared 
with 68°5% of manufactured products obtained from the crude produced in the 
United States. In Russia 86°2% is consumed as fuel, while only 31°5% of the 
total production is consumed in the crude state in the United States. 

Of the total manufactured products amounting to 13°8% in Russia only 15% 
of this amount was consumed at home, leaving 85% to be exported abroad, as 
compared with 55% consumed at home in the United States and 45% exported. 

Russia and the United States produced 93°3% of the known output of 
petroleum in the world during 1901. The indications are now that Texas will 
redeem in a few years the place at the head of the list once held by the United 
States as the country producing the largest quantity of crude petroleum in the 
world. 

The average price of the crude petroleum produced in the United States during 
1901 was 95°1e. per bbl., and the total valuation was $66,417,335. The average 
price paid for the Russian crude petroleum during 1901 was 32°6%c. per bbl, 
the total value being $27,824,567, which is only about 40% of the amount received 
from the crude petroleum produced in the United States for the same time. 

These amounts added together give $94,241,902 as the price of 154,557,750 bbl. 
of crude petroleum produced by these countries, which is an average value 
of 61c. per bbl. In all the other countries producing petroleum, viz.: Canada, 
Peru, Galicia, Roumania, Sumatra, Java, Borneo, Japan, India, Germany and 
Italy, only 11,160,770 bbl. were produced, amounting, as before stated, to 
76% of the entire known production of the world. The estimated value of 
this quantity of petroleum at 70c. per bbl. is $7,812,589. If this is added to the 
value of that produced in the United States and Russia, the total amounts to 
$102,054,441 for the known production of the world in 1901, and if this be 
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divided by 165,718,520, the total production, the average price per bbl. of the 
world’s crude petroleum output is 61-5c. 

Present Condition and Future Possibilities——The wide range in the producing 
area of petroleum in the United States, and the different conditions under which 
it is stored, indicate an increased production in the future. Slowly but surely 
the conditions under which it is concentrated are being more carefully studied, 
and the mechanical appliances for drilling, pumping and transporting improved. 
In no other country has the transportation of both crude and refined petroleum 
in trunk lines reached the perfection that has been attained in the United States. 
Triple expansion pumping engines have enabled the pumps to work up to a 
pressure of from 600 to 1,000 lb. to the sq. in., at a minimum cost of fuel. 
These trunk lines and their feeders extend over hundreds of miles and connect 
distant fields with the refineries and the large markets of the seaboard and in-+ 
land cities. The future will, without doubt, produce methods of deep and rapid 
drilling at moderate cost, which will reach the deeply buried petroleum producing 
strata when the upper strata has been exhausted. In portions of the Appalachian 
region it will require 6,000 ft. to reach the lowest stratum that elsewhere is 
known to contain petroleum. The important work of the chemist in separating 
noxious vapors and deleterious combinations from the lighter products of the 
lower grades of petroleum, producing from them superior lubricating oils, must 
also be a work for the future. 

Geology.—The geological equivalents of the systems or-ages holding petroleum 
in the United States, begin with the Pliocene or newest stratified rocks that 
are capped by the alluvium, followed by the Tertiary, Cretaceous, Jurassic, 
Triassic, Permian, the upper, middle and lower Carboniferous, Devonian and 
upper and lower Silurian. That portion lying east of the Mississippi river, and 
to the northwest of the main uplift of the Appalachian chain of mountains 
contains the known profitable petroleum fields, which are designated as the 
Appalachian, and the Lima-Indiana field. The strata containing the petroleum 
and natural gas in the Appalachian division begin with the upper Carboniferous, 
and extend downward to the middle Devonian. The probable area of these for- 
mations is about 55,000 square miles, extending along a northeast and southwest 
axis about 700 miles long and 80 miles wide. From this area is obtained the 
greatest supply of high-grade petroleum. In the States of Kentucky and Ten- 
nessee, however, a limited amount is produced from strata much lower in the 
scale. The central point of this possible productive area is not far from the 
southwest corner of the State of Pennsylvania, and is distant from New York, 
by way of the pipe-line route, 520 miles, and from Philadelphia and Baltimore, 
380 miles. Near these cities the greater refineries are located, which convert 
the crude product into illuminating oil and other manufactured products. Two- 
fifths of the northern portion of this great petroleum area contain the prolific 
pools of Pennsylvania, New York, West Virginia and southeastern Ohio. The 
whole of the productive area is covered by a labyrinth of smaller pipe lines connect- 
ing over 90,000 wells, which feed the main lines that supply the inland and sea- 
board refineries. The Appalachian division produces over 60% of the entire out- 
put of crude petroleum east of the Mississippi river. The other division of the 
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productive area east of the Mississippi river, known as the Lima-Indiana field, is 
on the line of a much more ancient uplift (the Cincinnati arch) than that of the 
Appalachan field. It starts in Alabama, where the Appalachian uplift and the 
Cincinnati arch coalesce, as it were. The latter then takes a course a little east 
of north, passes through Tennessee, Kentucky and northwestern Ohio, crosses 
over into Ontario, Canada, and curving to the eastward finally terminates in a 
series of extinct volcanic islands on the east of Hudson Bay. In its southern. 
portions it is a gentle swell without faulting to any great extent, with gentle 
slopes and undulations along its crest line. North of the Ohio river a branch 
line of uplift crosses into central Indiana in a general northwestern course. On 
the crest of the main line of elevation and its branches in Ohio and Indiana the 
greater supply of gas and petroleum is found, although there are many localities 
south of the Ohio river which have produced considerable petroleum from the 
same general topographical and geological conditions. In this last named region 
the conditions are lacking for the proper accumulation of the liquid and gaseous 
hydrocarbons. 

The production in this area is secured in the Trenton limestone of the lower 
Silurian or Cambrian division, which is usually several thousand feet below the 
productive areas of the middle Devonian in the upper Appalachian field. In 
quality the petroleum produced is inferior to that of the Appalachian field. The 
yield of the more valuable and volatile products is less, and it contains 0°6% S 
as hydrogen sulphide, which is difficult to remove in the process of refining. This 
field produced 21,933,380 bbl. in 1901, which was 40% of the output of thle 
combined Appalachian and the Lima-Indiana fields. This field also is covered 
by a network of smaller pipe lines connecting many thousand wells with the 
receiving tanks. A system of trunk lines extends as far as Chicago on the west, 
while to the east it connects with the other main lines reaching the Atlamtic 
seaboard cities. There must be at least 10,000 miles of trunk line pipe from 
4 in. to 8 in. in diameter that convey the crude oil from the various fields to 
the points of manufacture. These lines are buried from 2 ft. to 3 ft. deep in 
order to reduce the amount of expansion and contraction. They are constructed 
of wrought iron and steel lap-welded pipe in lengths of from 18 to 22 ft. 
On each end sharp threads are cut with a taper from 9 to 10 in., which are 
screwed into couplings also tapered, to make a complete fit. A large force of 
men are usually required to “set up” the joints to the proper tension. The 
trunk line pipe is tested to a pressure of from 1,500 to 2,000 lb. to the square 
inch. 

The distance between pumping stations on the main trunk lines is usually from 
28 to 50 miles. These distances can be varied more or less owing to the elevations 
to be overcome, by the addition of an extra line or a loop from the point of dis- 
charge, to such points as are convenient for fuel or water. The pumps employed 
in the service are of the highest mechanical excellence. They are flywheel- 
connected, triple-expansion, and built by the National Transit Co., at Oil City, 
Pa. The pipe line may be compared to the steel rail, and the pump to the loco- 
motive in this method of transportation. 

Performance of Pumping Engines.—A test was made of one of these pump- 
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ing engines in 1892 by Prof. J. E. Denton, of Stevens Institute, Hoboken, 
N. J., at Laketon, Ind., in which Indiana petroleum was used for fuel. Tha 
test was made while the engine was performing its regular duty of forcing 
30,000 bbl. of petroleum per day through 54 miles of pipe under a pressure of 
600 Ib. to the sq. in., at 28 revolutions per minute. The efficiency of the 
mechanism was found to be 94:5%; the diameter of high pressure cylinder 
was 24°12 in., intermediate 38 in., low cylinder 54:0 in., with Corliss valves and 
adjustable cut-offs, length of stroke 36 in., with two single acting air-pumps, 
condensers, etc. These operated six plungers, 8 in. in diameter, set beyond the 
main shaft in line with the cylinders. The average horse power exerted on the 
pump pistons amounted to 300 H.P., with 328 H.P. developed by the steam 
cylinders, and average boiler pressure 150 lb. The general conclusions arrived 
at as the result of numerous tests carefully made showed a water consumption 
of but 13-50 lb. per hour per horse power at 20 expansions, which is very close 
to the best results of the most improved ocean liners, 

Performance of Boilers.—The following is the result of the experiments with 
two boilers at Laketon, Ind., which supplied the steam to the triple expansion 
engines previously described, the fuel being crude Indiana petroleum, burned 
with a Cobb & Towl compressed air burner. The boilers were of the horizontal 
tubular type, 5 ft. in diameter, 14 ft. long, and contained 182 two-inch tubes, 
with a water heating surface of 1,180 sq. ft. The average evaporation, at 212°F. 
for 7 tests, was 16:10 lb. of water per lb. of petroleum, corresponding to 
15,553 B.T.U. that were effective. The steam was perfectly dry. The average 
evaporation per hour per sq. ft. of heating surface was 1-9 lb. at 150 lb. gauge 
pressure, and 60° temperature of feed water. The air was supplied by a Root 
Blower at the rate of 240 cu. ft. per minute, and at about 0°5 lb. pressure per 
sq. in. The blower was driven by a small steam engine whose consumption of 
steam amounted to 1:5% of the steam evaporated by the boiler. 

Quite recently Prof. J. E. Denton made a very exhaustive test of the evapo- 
rative power of the Beaumont petroleum for the Export Oil & Pipe Line Co,, 
of Beaumont, Texas. One pound of Beaumont oil evaporated 15-1 Ib. of water 
at 212°F., representing 14,587 B.T.U., which demonstrated that the Beaumont 
petroleum, for fuel purposes, is the equivalent of about 95% of the value of 
the Indiana crude petroleum. Numerous tests have proven that when the liquid 
hydrocarbons are sold by the gallon or barrel and not by weight, the calorific 
value is remarkably close, whether it be residuum of various grades or crude 
petroleum from California, Texas, Indiana or Pennsylvania. 

Comparative Cost of Coal and Petroleum.—The equivalents given in the table 
on the following page are considered to be secured in ordinary practice. Western 
coal will evaporate 6°5 Ib. of water from and at 212°F.; Pittsburg coal, 8-7 Ib., 
and Beaumont petroleum, 13-5 lb., the proportion remaining the same for better 
or poorer results under boilers. 

Alaska.—In Alaska there are remarkable surface springs of petroleum, but 
the climate and physical conditions of the region have for several years baffled 
the skill of the promoters to test them successfully. 

California.—Southern California is the present great producing region of 
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COMPARATIVE COST OF COAL AND PETROLEUM. 


| Number of Bar- | Price of Beau- Number of Bar- 


Price of South- |rels of Beaumont| Mont Petroleum || Price of Ordi- rels of Beau- Brice of Reaonork 
western Coal per| |etroleum to per Barrel to nary Pittsburg | mont Petroleum Barrel to Fenal 
Ton of 2,000 Lb. | Equal One Ton Equal Cost of Coal per Ton | to equal One Ton Coat of One Ton 
of Coal. One Ton of South-|} of 2,000 Lb. of Pittsburg ? Pit 2 
western Coal. Coal. of Pittsburg Coal. 
$1°00 3°0 $0°33 $1°00 4:0 $0°25 
1°25 3°0 0°42 1°25 4:0 0°31 
1°50 3:0 0°50 1°50 4:0 0°37 
1°75 3°0 0°58 1°75 4:0 0°44 
2°00 3°0 0°67 2°00 4:0 0°50 
2°50 3°0 e 0°83 2°50 4:0 0°62 
3°00 3°0 1°00 3°00 4:0 0°'%5 
3°50 3°0 TAG 3°50 4:0 0°88 
4°00 3°0 1°33 4°00 4:0 1°00 
4°50 3:0 1°50 4°50 4:0 1°13 
5°00 3:0 1°67 5°00 4°0 1°25 
6°00 3:0 2°00 6°00 4:0 1°50 


the Pacific coast, with its most remarkable recent developments of a greatly in-- 
creased amount of fuel petroleum in a region that is destitute of valuable coal 
deposits. While nearly all of the fields increased their production during the 
year 1901, the great increase came from the comparatively recent pools about 
Bakersfield in Kern County, which are known as Kern, McKittrick, Sunset and 
Midway pools. A very remarkable increase in production is recorded for these 
four pools. The production of the group for 1900 was less than 900,000 bbl. ; 
for 1899 it was 15,000, and for 1898 it was 10,000; nothing being recorded for 
1897 from this county. The production for 1901 from 447 wells—which was 
sold at an average of 40c. per bbl.—suddenly increased to 4,500,000 bbl. under 
adverse conditions of congested railroad transportation and overflowing tanks. 
Had these been ample the production would have been considerably increased. 

The production of the counties of the State for 1900 and 1901 is as follows :— 


1900. 1901. 


892,500 4,493,455 


Santa Clara.........s.08. solemciase isle 
Unapportioned 


8,786,330 


The value of the production for 1900 amounted to $4,078,975, an average of 
about 94c. per bbl.; that for 1901 amounted to $4,974,540, or 5%c. per bbl. 
There were a large number of tanks constructed in the Kern river valley to 
furnish storage for this petroleum by the Pacific Coast Oil Co. Between 30 
and 35 of these large tanks were completed during the year 1901, and the num-- 
ber has been considerably increased at this writing. The most important under- 
taking was the construction of a large refinery at Port Richmond, on the waters 
of San Pablo Bay, near San Francisco, and its connection with the Bakersfield 
district in Kern County, 270 miles distant, which will insure an outlet for 
the petroleum that this field is capable of producing, as well as supplying the 
section near San Francisco with an abundance of cheap liquid fuel that has already 
greatly contributed to the prosperity of that city and the surrounding section, 
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The problem of conveying the heavy petroleum, ranging from 14 to 16°, pro- 
duced in the Kern river pools—which corresponds to 0°972 and 0:945 sp. gr. 
weighing on an average of 8 lb. to the gal. when the weight of water is 8-331 Ib. 
to the gal., in an 8-in. line for any distance—is one that has been heretofore 
unsolved by any pipe transportation company in the United States or elsewhere. 

Wells are now being drilled with fair indications in Humboldt County, in 
the northern portion of California. 

Colorado.—Colorado has been an important producer of petroleum in what 
is known as the Florence field since 1887, and has producéd a very considerable 
quantity of petroleum of a very fair quality, which in 1901 amounted to over 
460,000 bbl. At Boulder, toward the close of the year, a well on the McKenzie 
farm, after passing through a number of pay streaks at 900, 1,200, and 1,540 at; 
at about 2,720 ft. found a pay streak containing a considerable amount of ex- 
cellent petroleum of a gravity of 42°B. This was followed by numerous other 
wells, nearly all of which have found more or less petroleum; however the deep 
wells thus far have found only moderate quantities of this superior petroleum, 
which has had a rather discouraging effect on the development. A great num- 
ber of stock companies were formed, and an immense amount of capital invested. 
Companies commenced to drill along the foot hills of the eastern slope of the 
Rocky Mountains at Colorado Springs, Golden, Boulder, Fort Collins, and ex- 
tending to the Wyoming State line. By the latter part of February, 1902, 
there were 48 wells drilling in the State and 100 rigs built. The greater part 
was in the region northwest of Denver. The production thus far has been 
secured from the sandy beds of the upper Cretaceous formation. 

Kansas.—During 1901 the petroleum field in southeastern Kansas produced 
179,150 bbl. of oil, valued at $154,373, which was an average of 86°2c. per bbl. 
The production for 1900 was 74,714 bbl., thus showing a gain the past year of 
139:°78%. The value of the natural gas produced in 1900 was $356,900, while 
the total value of all the natural gas in the region west of the Mississippi river 
amounted to only $449,847. The value for 1901 will show a material gain over 
that of 1900. The advantages of natural gas as a source of heat, light and power, 
fully described elsewhere in this volume, apply with equal force to the gas de- 
veloped in Kansas, Indian Territory and Oklahoma. 

T'evas.—The great event in this region the past year was the unexpected flow 
of a solid stream of petroleum 160 ft. in height from a well drilled by Capt. 
A. F. Lucas and his associates, Mr. J. M. Guffey and Mr. John Galey, 4:5 miles 
south of Beaumont, in Jefferson County, and only 20 miles from the deep water 
harbor on the Gulf of Mexico. This wonderful discovery marked the beginning 
of a new era in the history of our petroleum development and startled the 
operators in all the important productive areas in the United States and the Old 
World. It was not until the quality of the petroleum thus developed was proven 
to be inferior for illuminating and lubricating purposes that their fears com- 
menced to subside. The immediate rush to secure territory in this neighborhood 
was unprecedented. Many practical operators from other petroleum regions 
became interested and, after looking over the field and finding it impossible to 
secure any territory upon terms that were considered favorable, withdrew. Then 


PETROLEUM. 513 


followed a swarm of promoters, who promised the land owner almost anything 
he asked, or took options on the land at high prices. In the meantime a vast’ 
number of stock companies were formed, many of them controlling but a few 
acres. The promoters had no trouble to convince other parties with money 
that the whole plain surrounding the mound known as Spindle Top was saturated 
with petroleum,—that the available territory reached far back into the interior, 
and that the wells flowed by hydrostatic pressure. These promotors, assisted by 
irresponsible newspaper adventurers, disposed of vast quantities of stock which 
had little or nothing to represent it. If there had been such a quantity of 
petroleum so easily secured, it would have had little value. Thus far it has been 
possible to sell only a portion of the petroleum that has been produced, and the 
portion unsold is now tanked at Spindle Top. A few months of reckless drilling 
sufficed to make it evident that the production was confined to an elliptical area 
3,500 ft. by about 2,000 ft. in dimensions, embracing about 170 acres of land 
on the elevation known locally as Spindle Top, because of its peculiar shape. 
By the close of 1901 there were 138 producing wells drilled upon this elevation, 
55 of which ranged from 75,000 bbl. to 1,000 bbl. per day, and which belonged 
to companies that could market their oil. The remaining 77 were not producers 
to any extent owing to the fact that no market could be found for their petroleum, 
although some were practically dry or very small wells. In addition to these 
138 wells there were 28 others that had been drilled, and were known to contain 
no oil. The production to the close of 1901 will approximate closely as follows :— 


PRODUCTION AT SPINDLE TOP, TEXAS, DURING 1901. 


Barrels. 


Produced and SOG sicc'vcije'c se 6 01040 votre Newrsic cciwe'ee'e,t 
SEG ORO ET secre craters s chi aoce ove pier cialetaleleiele wis’ 
Estimated loss by conflagration and waste........ 


3,593,113 
1,592,770 
775,000 


5,960,883 


Total PFOMUCHION.......ccescrvsrersevececceecs 


The petroleum sold and tanked therefore amounts to 5,185,883 bbl., which, at 
18¢. per bbl., amounts to $933,459. The outlay in the field, not including the 
amounts paid for real estate, from January 10, 1901, to the close of the year, 
has been carefully estimated by Mr. L. C. Sands, of the Oil Well Supply Co., 
as follows :— 


138 producing wells at $7,429 each complete......cesssorecovevereescrcoverssacens $1,025,202 

46 drilling wells at $4,000 CaCh......secsecesersceoocecsevscsrccesreseerersesevons 184, 
28 abandoned wells at $15,611 Cach........cecevvcecceecccececssescveseccsssecere 437,108 
2,825,800 barrels iron tanks at 25c. per barrel.......+-ccsccssseesseecenecccenerssereeeecs 706,450 
33,150 wooden tanks at 3714c. per barrel........+-s0+00 csossnetecorsctsereertee cones 12,425 
904,500 barrels iron tanks building at 12\c..... afar Sith ie Mia eIRI Aihara di vlere wloles crore arate eee ee 112,000 
190,000 barrels earthen reservoirs at 7°2c. per barrel........sssecesecererseersceecones 13,750 
10 pump stations, average $7,770 CACH........ ce cee esses eterene cee scene seeeeees 77,700 
125 miles of pipe, from 10-in. to 4-in., and laying SAMEC.........seecereeeeeeerecees 550,200 
161 loading racks for 161-cars at $82°80 Cach...........seoreeersceeocroceerireseeees 13,250 
325 tank cars purchased by oil companies at $80 Cach.........sseeseveeeeeenssove 260,000 
8 refineries, in process of erection at Port Arthur, ,........sesssceeseeeeeceenees 265,000 
84 rotary drilling outfits at $3,500 CaCh........:escseeeeeeesrecrccnvcererserecees 294,000 
Total amount invested to January 1, 1902.....-...ccevecerscsercererscresssaererssecvers $3,951,085 


From the above figures it appears that the capital expended in this field has 
been $4:23 for every barrel of oil produced in 1901. The above figures do not 
include the immense prices paid for lands upon which these wells are located. 
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In many instances small parcels were disposed of at the rate of $120,000 an 
acre. It is also impossible to estimate the amount paid by the small investors 
for stock in worthless oil companies. The depth of the wells are less toward 
the center of the mound, where some found the pay streak at about 900 ft. 
Those along the edges of the productive area are usually deeper, one finding the 
pay streak as low as 1,190 ft. Away from this mound wells have been drilled 
from 2,200 ft. to 2,600 ft. in depth that have not encountered the limestone with 
more or less free sulphur that is saturated with petroleum and natural gas inside 
the magic circle. The formation seems to vary as the drillers report it from 
25 to 85 ft., or even more, in thickness. 

The following analysis of this rock, taken from the Texas Geological Survey, 
was made by Mr..S. H. Worrell, of the University of Texas: CaO, 54:89%; 
CO,, 42°45% ; S (free and in organic combustion), 158% ; S (as H,SO, in com- 
bustion), 0-21% ; Fe,O, and Al,O,, 0-50% ; MgO, trace. 

Some samples carry a much larger proportion of free sulphur than is shown 
in the above analysis. The sand immediately above the cap rock contains pure 
sulphur crystals as large as hazel nuts. Above the cap rock are a series of loose 
and compact sands, with considerable iron pyrites in small crystals. There 
are also irregular beds of clay with an occasional bed of coarse gravel followed 
by an irregular sandstone which in some instances has contained considerable 
reservoirs of natural gas. There are other elevations in this portion of Texas 
from 10 to 60 miles southwest of the one at Spindle Top that have indications 
of petroleum accompanied in some instances with big flows of natural gas. The 
condition of the mass of cap rock holding the petroleum in this field is a special 
one, and is limited to the are as now defined. The floor of the new strata has been 
disturbed by the intrusion of the older ones in a number of localities in Texas 
and Louisiana, accompanied by thermal springs, which have-carried in solution 
large deposits of salt, lime, and magnesia. In some instances these mounds haye 
approached the condition of incipient volcanoes from which sublimed sulphur hag 
found its way to the surface, sometimes pure, in other instances as iron pyrites. 
The temperature of the petroleum at Beaumont is between 80 and 83°F. 

Two hundred miles northwest of Beaumont the Corsicana field is located, 
which for several years has produced a very remarkable petroleum. In 1901 it 
amounted to about 800,000 bbl. of a remarkably high-grade petroleum, very 
similar to the better grades found in Roumania and Galicia in Europe. <A 
modern refinery here transforms this product into the higher grades of illumi- 
nating and lubricating products. 

At Sour Lake, 20 miles northwest of Beaumont, at about 900 ft. depth, salt 
and sulphur water was encountered which made temporary flows in considerable 
volume at a temperature of over 100°F. At Sour Lake and at Jennings several 
wells have encountered large deposits of petroleum in loose sand. At the former 
locality this deposit was encountered at 680 ft., and in the latter at over 1,800 ft. 
The loose sand bridges over and retards the flow until it is removed by the drill 
when the well is usually ready to spout again. These difficulties will gradually 
be overcome by experience and wells of larger diameter, as similar difficulties 
have been overcome in Russia. and Roumania. In the former country great 
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quantities of loose sand are vomited out with the petroleum in the flowing welis, 
or if bailed too deep the loose sand fills up the well and must be patiently removed 
before it will produce again. About 12 miles northwest of Sour Lake, at Sara- 
toga, two wells have lately produced considerable petroleum of heavy gravity. 

There are a great many localities in this State where surface indications of 
petroleum, natural gas and bitumen have been reported, and probably many more 
exist that have never been reported. The following is a list of the counties in 
southeast Texas in which indications of petroleum are said to exist, either 
as oil or gas flows or solid bitumen: Martin, Washington, Harrison, Trinity, 
Smith, Anderson, Houston, Nacogdoches, Shelby, San Augustine, Tyler, Jasper, 
Hardin, Jefferson, Chambers, Brazos, Harris, Grimes, Limestone, Bastrop, Colo- 
rado, Caldwell, Atascosa, Duval, Uvalde, Webb, Starr, and Hidalgo; also Pecos, 
Reeves, and El Paso, in the extreme western portion of the State. Over the 
great area of this State the future will determine many profitable pools. 

Wyoming.—There are many pools in this State which are known to contain 
petroleum in quantity in a range of strata that begins with the Carboniferous 
and extends up to the Laramine. Numerous wells scattered over a large portion 
of the State have proven the existence of the article in quantity, but their isolated 
locations have prevented the marketing of their products. But one pool is oper- 
ated in Wyoming, that is known as the Salt Creek Pool, 50 miles north of Casper, 
which produces a remarkably pure lubricating petroleum—the production being 
about 5,000 bbl. annually, valued at from $6 to $7 per bbl. 

Washington and Oregon.—Wells are now being drilled in these States, with 
fair indications. 

WESTERN OIL AND GAS PRODUCTION. 


A remarkable increase in the production of petroleum has been recorded 
during the past five years in the vast region west of the Mississippi river. Oil 
has been discovered in several of the Rocky Mountain States, and there is every 
indication that a considerable portion of the world’s future supply of petroleum 
will be derived from these sources. In 1896 only 2°85% of the total production 
of the United States was found west of the Mississippi. In 1897 the proportion 
increased to 4% ; in 1898 to 6%; in 1899 to 65%; in 1900 to 8:°5%, and in! 
1901 to 20%. And there is every indication that 1902 will witness a gain of 
33% over 1901. The quantity produced in this section in 1901 was 13,847,- 
792 bbl., while the estimated production for 1902 is placed at 25,000,000 bbl. 
These figures indicate with what strides the production of the West is overtaking 
that of the Hast. 

The petroleum produced in southeastern Kansas is from strata that represent 
the equivalent of the lower Coal Measures of the Appalachian region immediately 
above the Sub-carboniferous limestone, which would bring it to correspond with 
the salt sand and “Big Injun” production in West Virginia. This same forma- 
tion continues on a southwest course through western Indian Territory into the 
northeastern portion of Texas with increasing thickness of the measures in this 
direction. The production from this section comes from the oldest strata so far 
developed in the region west of the Mississippi river; all the other measures so 
far producing petroleum in this region are of a later formation. 
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PRODUCTION FOR 1901 BY STATES EAST AND WEST OF THE MISSISSIPPI RIVER. 
(IN BARRELS. ) 


East of the Mississippi River. West of the Mississippi River. 


21,648,000 8,786,330 
Pennsylvania 12,625,400 4,393,660 
West Virginia 14,177,100 460,520 
Indiana 5,757,080 179,150 
1,266,600 Wyoming 5,400 
Kentucky and Tennessee 137,300 Indian Territory 9.330 
Illinois and Michigan 3,300 and Missouri.. ’ 


55,554,780 13,834,390 
$59,584,735 $6,882,600 


From the figures in the above table it will be seen that20% of the total 
production of the United States came from west of the Mississippi river in 1901, 
the value of which was not quite 10%, as compared with 80% in quantity and 
about 90% in value produced east of that river. 

The great inland section of northwestern Texas and New Mexico, reaching 
up to the Canadian border and beyond into the great valley of the Athabasca and 
Mackenzie rivers, affords great diversity of conditions of geological and structural 
possibilities that have not as yet been sufficiently examined. The great 
mountainous region in Colorado, Utah, Wyoming, and Montana, with cross 
ranges, bringing up the older igneous rocks on whose flanks repose the more 
recent measures,—which in many instances have indications of petroleum,—have 
only in a few instances been tested. 


THE PRODUCTION OF PETROLEUM IN FOREIGN COUNTRIES DURING 1901. 


By PAauL DVoORKOVITZ. 


INTRODUCTORY. 


AmonG foreign countries exploiting petroleum Russia, of course, stands fore- 
most, and in regard to the development of the Russian fields there is not much to 
be said. The area has been somewhat extended, and the various outlying districts 
have. been exploited with no specially remarkable results. The gradual change 
which has been coming over the Russian industry still continues and spouters are 
becoming a greater rarity, while the pumping wells are supplying a larger pro- 
portion of the output from approximately the same average depths as in the year 
1900. During 1901 the crisis which had occurred in the previous year was 
gradually being overcome and although prices have not yet reached the high 
figure which prevailed two or three years ago the condition of the industry has 
become much firmer and trading conditions for the next year will, no doubt, 
prove more profitable to the operators. 

One of the chief features in connection with the English companies working 
land in Russia has been the endeavor on the part of the Russian Petroleum & 
Liquid Fuel Co., which up to the present time has been the most prosperous, 
to bring about an amalgamation with the Baku Petroleum Co. The storm which 
these proposals raised among the shareholders of the former company will be 
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well remembered. So controversial was the character of the meeting at which 
these proposals were presented that the matter was altogether dropped. It may 
be as well to state that the chief object of the Russian Fuel Co. was to obtain 
a larger area of petroleum land to supplement their own small, but at present very 
prolific, property. 

As far as the trade in other and more distant countries is concerned there is 
little to chronicle—no great development has occurred, but the industry as a 
whole in the Far East has made moderate progress. If there has been any special 
expansion at all it must be looked for in the direction of the use of liquid fuel 
and in handling and transporting the oil. Chief among the advances which have 
been made in the use of liquid fuel, stands the voyage of the Shell tank steamer 
“Clam.” This vessel had been run for two years on petroleum, during which 
{ime it traversed 85,000 miles and the experience gained on this ship confirmed 
the previous claims which had been made for the use of the liquid form of fuel. 
In the early days of the carrying of oil in bulk, it was thought that so large a 
quantity as 4,500 tons of oil could not be carried in this manner, an idea which 
has since been successfully confuted by Sir Marcus Samuel and now, there 
are tank steamers belonging to the Shell Transport & Trading Co. capable of 
conveying 9,000 tons while four additional steamers are to be added to this fleet, 
having a carrying capacity of 11,000 tons each. 

Other steamship companies have followed in the steps of the pioneer com- 
pany and now the North German-Lloyd, the Hamburg-American, the Hast 
Asiatic and the China Mutual companies are numbered among the users of this 
fuel. The Shell Transport & Trading Co. has launched several new large tank 
steamers which have been used for the extension of the company’s trade with 
Australia, where it has erected considerable storage accommodation. In this 
connection it may also be mentioned that the company has also entered into a con- 
tract with the Guffey Petroleum Co. of Texas to ship its oil to European 
markets, and the Borneo fields belonging to the same company have also 
shown considerable progress during the past year. 

A special impetus was given to the scientific study of petroleum at the 
Petroleum Congress in August, 1900, and since that time various schemes have 
been formulated, and one at least has been put into practice, while there are 
also endeavors being made in various countries to provide some means whereby 
specially trained men can be supplied to the oil fields and refineries. Another 
outcome of this Congress was the organization of a number of national committees 
formed for the purpose of centralizing the various developments of the industry 
in each country. In addition to Great Britain, France, Roumania and the 
United States have now specially constituted committees for this work. 

Sourn America.—Brazil.—The oil deposits occur chiefly in shales which were 
reported upon very exhaustively in THE Mrnerat Inpustry, Vol. IX., to which 
there is nothing new to add. 

Colombia, Venezuela, etc.—In these States are surface indications of the ex- 
istence of oil deposits, but up to the present nothing has been done in the way 
of systematic exploitation. The native population obtain the oil in a primitive 
manner and use it mainly for domestic purposes. The Venezuelan oil is very 
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dark in color and has a sp. gr. of 0°95. Ecuador is also reported to possess a rich 
petroliferous region near Santa Elena, though it has not yet been exploited. The 
cil is very heavy having a sp. gr. varying from 0°97 to 0°985. 

Peru.—The development of the petroleum industry, chiefly in the Province 
of Piura, has not made much headway during 1901, although work is being 
carried on in various districts. Geologically, the district is chiefly Tertiary and 
closely resembles the Californian oil belt. The Faustino Piaggio Petroleum Co. 
has operated a number of wells near Zorritos, two of which yielded 75,000 bbl. 
per annum. The oil obtained is dark brown in color, with a sp. gr. of from 
0°81 to 0°84, and yielded kerosene and lubricating oils. There is also a heavier 
petroleum with a sp. gr. of 0:94 produced in this neighborhood in small quanti- 
ties. The Pacific Petroleum Co. has a large tract of land in which about 60 
wells have been sunk, yielding about 1,000 bbl. weekly. The average depth of 
the wells is 500 ft. and it is reported that few if any have turned out dry. The 
petroleum is brown in color with a sp. gr. varying from 0°834 to 0°848. It yields 
approximately 30% of kerosene, 10% benzine and 50% of fuel oil. In addi- 
tion a French company has been working here for several years past producing 
about 150 bbl. a week from a dozen or so wells. 

Kurorz, Asia AnD Arrica.—Algeria.—Although the oil deposits of Algeria 
have been very extensively investigated, little practical work has been done up 
to the present time. One or two companies have been formed for the working 
of the deposits but merely preliminary steps have been taken for the sinking 
of wells. 

Austria-Hungary.—The Galician oil industry occupies a very unsatisfactory 
position in the oil-producing countries of Europe. It has one of the largest oil- 
producing areas in the world, which will probably be largely developed in the near 
future. The production of oil in Russia and Roumania must necessarily hamper 
the development of the Galician industry and internal factors have also hindered 
its progress. In 1900, according to the official report of the Chamber of 
Trade and Commerce of Vienna, unfavorable conditions prevailed for the 
Austrian industry. The question of tariff and freight charges in that year 
were not at all favorable for the home industry and so far as the output 
went, the district of Schodnica, which had been regarded as the most impor- 
tant oil-producing field, retrograded, while the districts of Urycz and Boryslaw 
showed some advance. The producers of Galicia have had to realize that they 
were not able to supply sufficient crude oil to meet the home demands, and the con- 
sequence was that oil was obtained from Russia and Roumania. The paraffine 
industry, however, has shown more vitality and a greater advance, although even 
here the imports have been large. The kerosene industry has made but little 
progress, both Germany and Russia having endeavored to exclude Austrian 
competition by levying high duties. In addition, the German method of testing 
kerosene for its paraffine contents has not been favorable to the interests of 
Galician producers. There is however a movement in progress for connecting 
the Galician water-ways with the German canal system, via Oderburg, which 
will bring Galician exporters into touch with the East Prussian provinces of 
Silesia, Posen, Brandenburg and Pomerania. 
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One of the chief features of the year was the drilling of a spouter near 
Kasmachz in the Kossova district. The chief center of boring, however, has 
been at Boryslaw, where many wells have been sunk to the deeper horizons yield- 
ing a regular flow of from 2 to 3 tank wagons daily. One of them, drilled by the 
Karpathen Actiengesellschaft, produced 5 tank wagons per day. 

At the present writing no figures are available to show the movement of the 
Galician industry in 1901, but in some directions a slight progress has been made. 
Statistics for the year 1900 are as follows :— 


Produc- Ship- Pipe Lines. Reservoirs. Borings and Hand-Dug Wells. 
tion. ments. Bori 
ree Seareaiaaieioaaan Total orings. 
Metric Metric | No. Toueth No: Capacity.:| Hand-Dugilat-aascs as Sai 
Tons, Tons. f ons. Drilled.| Exploited. | Total 
Stanislaw District 11,244 13,230 2 17'5 199 45,000 32 20 131 151 
Drohobycz........ 221,696 284,990 | 10 94 763 115,200 92 151 751 904 
VASO GASP ere ee 93,394 118,440 | 13 95 698 75,600 108 111 713 824 
Bra a is (RA DEA) S Stic; <'nscasycelsiale laste pitch etre | cameo wiles See ain gaiee te Bete aes 1 Axis bates Gem eh 1 
Motalsivine catsae 826,334 366,660 | 25 | 206°5 | 1,660 195,300 233 286 1,595 1.980 
Production, in tons, for the last five years. 
BOGE i i-3 £ pickin iatomssrpeiiaiats: saith 339,765 | 1BOB 5 sited cirsoiisis shapes x ais tae S28 146i P NOOO. ces itee bec hues ies ot 326,344 
MG Mivaye ctavwieinns ovateraaie arches eel sleve ere BO9IG26:| |BIBOO TE ieee wees cece k colo ete ate 321,680 


With the exception of Protok oil, all Galician crude oils contain paraffine, 
in amount varying from 3 to 7%. ‘The residue left after distilling benzine 
and burning oil, is used for the manufacture of lubricating oil and yields 
paraffine. The lubricating oils contain paraffine and in addition to an inferior 
appearance, they apparently possess higher viscosity, which, however, does not 
add to the lubricating quality; as a result consumers now ask for lubricating 
oils free from paraffine. In the crude oil the paraffine is present in the form of 
proto-paraffine and ozokerite, which assumes a crystallized form only by distil- 
lation. . 

A modern refinery in Galicia consists of an oil reservoir, a crystallizing vessel, 
an ice-making machine, a filter press, an hydraulic cold press, a paraffine re- 
fining plant and a paraffine filtering plant. The oil reservoirs have a closed steam 
coil inside to warm the oil in order to remove the water. Should the oil contain 
water when admitted into the crystallization chamber ice will be formed, pro- 
ducing a stoppage of the filter presses, as well as a breakage of plates. An 
attempt was made to refine the oil before separating the paraffine, but the oils 
became dark in color, and required a second refining. 

The crystallizing chamber consists of vessels with double linings. Three 
refrigerating machines are used: the ammonia machine (Linde), the sulphuric 
acid machine (Pictet), and the carbonic acid machine. 

_ Dutch Hast Indies—The Royal Dutch Petroleum Co. in Sumatra produced 
2,350,000 cases of kerosene during the first nine months of 1901 compared with 
900,000 cases during the same period of 1900, and the total production for 1901 
will probably exceed 3,000,000 cases. The Moeara Enim Co. also produced a 
considerable excess over the previous year’s output, the total amounting to 
approximately 2,000,000 cases. The Babat field, from which good results were 
expected, has proved very disappointing. The Sumatra Palembang Co., which 
produced 747,000 cases during 11 months of 1900, will probably equal this out- 
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put for 1901. Other companies are also at work on this island, chiefly the Mining 
& Timber Trading Co. in Lower Langkat, whose output for 1901 will, in all 
probability, exceed 500,000 cases. The Moesi Ilir Co. is erecting a new refinery 
at Palembang. This company disposes of its paraffine and liquid fuel to the 
Shell Transport & Trading Co. The total output of the Sumatra wells during 
the fiscal year 1900-1901 was 169,842,000 liters. 

In regard to the working on the Borneo fields great progress has been made 
during the past year. The area of the property of the Shell Transport & Trad- 
ing Co. here is about 500 sq. miles, the bulk of this having been ascertained as 
oil bearing. In 1898 the exports amounted to 6,747 tons; in 1899, 33,711 tons; 
in 1900, 76,051 tons, and in 1901, to more than 100,000 tons. The average pro- 
duction of crude oil during the first month of 1902 amounted to over 3,000 
tons per week. The refinery belonging to this company when fully equipped 
will be able to deal with 1,000,000 tons of crude oil per year. The company 
owns 30 ocean-going steamers having a dead weight capacity of 120,000 tons. 
In addition to this for their large foreign trade it has 31 ocean depots distributed 
among Hgypt, India, China, Japan and Australia, while 11 new installations 
are in progress. ‘The storage capacity available at the present time amounts to 
220,000 tons which is being supplemented by 26,000 tons. Moreover, 320 sub- 
sidiary depots are scattered throughout the Eastern Hemisphere. 

In Java the Deutsch Petroleum Co. produced during 1901 an average of 
140,000 cases monthly compared with 136,000 monthly in the previous year. 
The Java Petroleum Co. has not been so prosperous during 1901 as previously, 
when its output amounted to 10,000 cases of kerosene per month. The Java 
fields are not very attractive to capitalists as, although oil is found in many 
places and in various quantities, there are no very rich deposits. The figures 
for the production of 1900 in the different fields were as follows :— 


Cases. 
1,637,000 
3, 846,000 


Egypt.—Although the work in this field is not of a very extensive a. 
prospecting work is still going on, and according to some reports good results 
are anticipated... The Oil Well Supply Co. of Pittsburg has been putting 
down several borings at Gebel Zeit on the Gulf of Suez on behalf of the American 
syndicate. The oil is struck at 2,350 ft. and is said to be of a good quality and, 
if all reports of. the possibilities of the Egyptian petroleum industry may be 
relied upon, there is an excellent future ahead. In the meantime Roumanian 
oil is making its way among consumers and during the year 1900, 2,230 tons 
were discharged at Suez for domestic use. 

Italy—During the year 1900 illuminating oils were imported into Italy to 
the extent of 73,807 quintals. The bulk of this was American, while the propor- 
tion of Roumanian oil imported showed a decrease over the previous year. As 
far as production is concerned progress has been made though not of a very strik- 
ing character. The places of occurrence and the quality of the oil were dealt with 
in THE Minerat Inpustry, Vol. IX. 


ee a ee en eee 
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India.—The two chief oil-producing centers of India are Burma and Assam, 
The production has made great progress in recent years, especially since 1898, as 
shown by the following figures :— 


Gallons. |Value. Rupees. Gallons. Value. Rupees. 
4,132,000 283,173 15,044,500 1,788,600 
6,554,500 362,790 19,099,000 2,257,800 
8,479,900 863,600 18,973,800 1,018,460 
10,463,900 771,100 32,934,000 1,885,200 
117452°600 1,126°700 37,729,200 2°281,825 
1,300,300 1,539,100 2 


Japan.—The Japanese oil fields, especially that of Echigo, have made good 
advance during the year 1901, although the principal districts, Amase and 
Kamada, have shown some signs of a declining production. The Kitno district — 
has attracted considerable attention and a good supply of. oil has been obtained 
from the wells at the Nagaoha Industrial Co., the wells yielding about 800 
gal. a day. Several other companies also have been working in this field. Alto- 
gether it is stated that about 70 concerns of an aggregate capital of 15,729,460 
yen are engaged in the exploitation of petroleum lands. 

From a consular report which was drawn up on the Japanese industry a num- 
ber of interesting facts may be gathered. It is pointed out that the oil fields of 
Hokkaido are attracting a good deal of attention and that .a large supply of oil is 
obtainable therefrom. 

The crude oil output from the various Japanese fields from 1890 to 1899 was 
as follows :— 


: Output of 
Crude Oil. 


Output of 
Crude Oil. 


Quantity of Kero- 


Quantity of Kero- 
sene Produced. 


sene Produced. 


Gallons. Gallons. Gallons. 

1890....cecceeee--] 2,159,640 | 448,846 = }} 189........0-. 688,040 
PROPS oe abe eee RON Sapo BON Oa c's EL OU Dsl etaleis eee! 666,642 
18023 ae cae RIB O8 BOS ae 4S OBS OO = LONG 5 arerelers arya ese i 1,044,110 
ABOS). is ees Oe BB BiB Be Bi art EO ws ere 6100.6 si 11,145,457 17,101 
ee See URE RISGE 6,088,844 f Ria aiaaig stots 18,833,918 1,849,125 


In regard to the import trade of petroleum in Japan, the year 1900 in spite 
of the progress made by the Japanese fields themselves, shows a large increase 
over the previous year, amounting to 67,842,324 gal. compared with 52,421,837 
gal. in 1899. The figures for 1900, however, fall slightly short of that for 
1898 when imported kerosene amounted to close to 68,000,000 gal. One of the 
branches of the petroleum industry which has made great progress in Japan 
during the last few years is that of the importation of lubricating oils; in the 
year 1900 the total importation amounted to approximately 11,000,000 gal., 
the bulk of which was shipped from the United States. 

The Japanese oil fields were described in detail in Tue MinuraL InpustRy, 
Vol. IX. 

Persia.—There are rumors of the formation of a Belgian company for petro- 
leum exploitation in Persia. 

The Persian petroliferous region extends along a line N.E. and S.W. from 
Shahku, on the Turco-Persian frontier, to the eastern side of the Persian gulf. 


The northern part of this basin has its center at Kasharashirin, near Shahku. 
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Round this village are numerous pits of a depth of about 32 ft. This deposit is 
situated on an Hocene axis of sand and marl, and the Kurds exploit it in a 
most primitive manner, contenting themselves with collecting the oil from 
the pits every four or five days, an average output of 10 bbl. being collected 
each time. The petroleum is very liquid and of a greenish color. It is refined 
on the spot. In the center of the Persian basin, parallel to the Bakhtiari 
Mountains, is the petroliferous district of Lauriston. This district also belongs 
to the Eocene formation and is characterized by the same blue clays which are 
found in Galicia. The petroleum deposits are in the neighborhood of important 
salt and sulphur deposits. The existence of petroleum is conspicuously shown at 
Chouster. The oil is of a special quality, being of a yellow color, very clear, 
almost transparent and of a sp. gr. of 0°773. South of this station and a few 
kilometers from Ram;Armuz are the natural springs of Chardin, one of which 
has a regular output of about 22 gal. per day. Natural petroleum springs also 
exist near the Persian convent of Naumzady, Haf-Cheide. These springs, which 
have an output of about 1 bbl. per day, produce an oil of a greenish color and 
of a sp. gr. of 0°927. The southern point 6f the Persian basin is on the shore of 
ihe Persian gulf, Dalike being its most important station. In this district, work 
has been seriously started, which unfortunately could not be brought to a suc- 
cessful finish owing to the inclemency of the weather in the summer, the bad 
quality of the water, which corroded the boilers, the high cost of fuel, and 
especially the pillaging by the neighboring tribes. ‘The Persian Bank Mining 
Right Corporation, which holds the concession of this property, is under the con- 
trol of Mr. Kmentt. The workmen brought from Galicia as well as those from 
Baku were not able to stand the climate. The Dalike petroleum is heavy and 
bituminous, and, according to Redwood, has a sp. gr. of 1°016. Investigations 
are to be made shortly near Talish, on the shores of the Caspian Sea, where 
abundant traces of petroleum exist. Drinkable water and cheap and abundant 
liquid fuel from Baku are obtainable and the natives are better policed than 
on the Persian gulf. 

Roumania.—The petroleum industry of Roumania at the beginning of 1901 
attracted a considerable amount of attention chiefly from the fact that the en- 
deavor of the Standard Oil Co. to obtain the monopoly of the Roumanian pipe 
lines had only just been brought to a conclusion. Without entering into the 
merits or demerits of this affair, it is sufficient to say that Roumania is un- 
doubtedly in great want of capital for the exploitation of its petroleum fields. A 
number of companies were formed during 1901, including the Telega Oil Co., of 
London, operating the Telega district; the Bustenari Poiana Oil Co., at Poiana 
Verbilau; the Roumanian United Petroleum Co., at Poiana, Baicoi and Provitza, 
and the Parsani Petroleum Mappij, of Amsterdam, at Recea, near Bustenari. In 
addition there were also a number of local companies.. 

The production during 1901 has been larger than that of the preceding year 
to the extent it is estimated of about 25,000 tons, a large proportion of which was 
provided by the Steaua Romana Co. 

Russia.—The year 1901 shows a large increase in the production, as compared 
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. with the previous year, the statistics being respectively 11,475,200 and 9,782,721 


metric tons, equivalent to 80,945,247 and 72,018,743 bbl., respectively. 
The output for 1901 was obtained from the various districts in the following 
proportions :— 


Percentage of Total Production. 


Field. 
1889. | 1890. | 1891. | 1892. | 1892. | 1894. | 1895. | 1896. | 1597. | 1898. 
Balakhany ............+-. 89°5 | 32°0 | 81°3 | 24:4 | 21°9 | 28°4 | 20°4 | 28-4 | 23°8 | 2274 
Bebe-Aibat ............00-- 64 | 7:9} 8:7 | 11°6 | 14°6 | 11°4 | 12°5 | 18°2 | 14-9 | 19°9 
Romany .....ccccovessees ofereees 0°8 | 4°8 | 14°38 | 22°5 | 20°7 | 29°5 | 20°2 | 22°8 | 20°7 
Saboontchi..........+.sse06 51:1 | 59°83 | 55-2 | 49°7 | 41:0 | 44°5 | 387°6 | 38°2 | 38°5 | 37°0 


It will be seen from this table that the largest production has again been 
obtained from the Balakhany-Saboontchi district, the production of which was 
obtained from pumping wells to the extent of approximately 6,000,000 tons 
and by spouters about 600,000 tons, while the Bebe-Aibat fields supplied approxi- 
mately 1,500,000 tons by pumping and over 500,000 tons from spouters. 

This increased supply has been obtained with but slight increase in the average 
depth of the wells which is evident from the following table:— 


Depth of Wells. 


Field. 
1894. 1895. 1896. 1897. 1898. 1899. 
Feet. | Feet. | Feet. | Feet. | Feet. | Feet. 
Balakhany .........:cscecscesceceonscrerecs 640 624 701 696 720 795 
Beles Ae Gris osc ceo hile a ecco ioveiors ehove wlopeipreie’s slelsi« : 814 1,261 1,215 1,472 1,601 1,309 
ROMAN Y «6 ws sacs ecw sle ois swirl sinensis eieisins tienes 1,108 1,080 1,214 1,295 1,439 1,339 


Saboontchi ..........:eseeeveccoeveresesceees 1,020 1,030 1,030 902 966 994 


During the greater part of the year the large spouter showed unmistakable 
signs of disappearing but toward the close there was a revival, more especially 
in the Bebe-Aibat district, which brought the total output from spouting wells 
for the month of November far ahead of any previous figure throughout the 
year. 

The stocks of crude oil at Baku at the close of the year compared with the 
previous year were :— 


Jan. 1, 1901. Jan. 1, 1902. 
At the Well icWiicc sine sie siete a sreisse ciaielesis OBIS ATE diplee wlipisi nics (ds lcp s\aintais) qe.eit'e 1,088,342 barrels. 2,058,983 barrels. 
At the refineries .......ccecccccccceeees maielet avails elgiorore sola oi sis elsieve'siaiereine: «| Welses 4,478,881 barrels. 6,850,733 barrels. 


The number of wells sunk during the year amounted to 355, compared 
with 434 in the previous year. In regard to prices during 1901 there .have 
been some considerable fluctuations, marked chiefly by a tendency toward de- 
cline. In January the price of kerosene in tank wagons was 20°58 kopecks and 
in April 8°48, and for crude oil at the wells 11°42 kopecks in January and 
"3% kopecks in April. Residuals stood at 13°58 kopecks in January and 
9:93 kopecks in April. Later, however, the prices began to strengthen slightly, 
and reached in July 13°75 kopecks for kerosene, and 8°4 kopecks for crude. The 
price for residuals (not taking into account the slight temporary rise from 
7-82 kopecks in September to 8-19 in October), was continually shrinking during 
the whole period. The year ended with prices at 7-°75@8 kopecks for kerosene, 
5:25@5'5 kopecks for crude, and 6°25 kopecks for residuals. 
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The monthly prices during 1901 are shown in the subjoined table:— 


Refined.’ 

pe Ga py : ; seecuals. yoo 
Month. nland. xport. opecks opecks 
hse Kopecks Kopecks per Pood. per Pood. 

per Pood. per Pood. 

11°56 

11°41 

10°12 

9°81 

9°50 


Notr.—1 kopeck equals $0°0051; 1 pood equals 3671182 lb. 


As for prices of Russian oil in foreign markets, kerosene moved from 106°6 
kopecks in January, in London, to 113 in February and March, when it began 
to fall until it reached its lowest level, namely, 85°1 in June and July. Then 
followed a further uninterrupted rise and the year ended with the quotation 
at 111°75 kopecks per pood. 

The fall in the prices of crude oil has had a particularly ruinous effect upon 
those who did not possess freehold plots of.land, or plots leased some years ago, 
but who are working on the Government lands at Bebe-Aibat leased by auction 
at extremely high royalties, and which in some cases exceed the price of crude oil 
at the present time. This brought about an intention to petition the Government 
to replace the payment per pood by one in the form of a percentage of the produc- 
tion. This is an exceedingly important and complicated matter, and at the time of 
writing is under the consideration of the Government, the large producers having 
voted solidly against it, the design being supported only by small producers. 

The export of Russian oil to foreign countries has made some progress during 
the year though the inadequate facilities for transporting the oil from the pro- 
ducing centers has undoubtedly hampered its further expansion and will re- 
strict it until conditions are changed. Organization is still the one great de- 
sideratum of the Russian industry. The total exports from Russia (via Batoum 
and Novorosisk) for 1900 and 1901 were as follows :— 


EXPORTS OF PETROLEUM FROM BATOUM. (BARRELS OF 42 GALLONS.) 


Crude and Lubricating | Distillate and 
Residuum. Ome Solar. Refined. 


214,016 1,006,964 643,575 5,493,361 
140,551 915,710 1,038,867 6,814,110 


Among the few companies formed during the year was the Kerosene & Lubri- 
cating Oil Co., capitalized at £500,000. 'This concern is the English flotation of 
2 company already working in Russia, and is a branch of the Russian Petroleum 
& Liquid Fuel Co. 

The exploitation of new regions has been chiefly directed to the Island of 
Cheleken, where some promising prospecting work has been actively carried on. 
The Province of Daghestan has also attracted some attention. 
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The development of the petroleum industry in Grosny is shown by the follow- 
ing figures: In 1899 the production of crude oil amounted to 25,194,566 poods, 
in 1900 it reached 30,400,000 poods and the production of 1901 approximates 
35,000,000 poods. The Grosny industry, which is largely influenced by the Baku 
industry, suffered very keenly from the critical condition of the latter during the 
year. During the first half of 1901 the Anglo-Russian Maximoff Co, was launched 
with a capital of £400,000. About 30% of the output of the Grosny fields is taken 
by the Vladi-Caucasian Railway, and in some quarters it is believed it could es- 
tablish its own markets in the northern Caucasus and on the north coast of the 
Caspian Sea as well as in the portion of south Russia. 

The three principal English companies operating in Russia made the follow- 
ing outputs in 1901: The Russian Petroleum & Liquid Fuel Co., 33,291,000 
poods; the Baku Russian Petroleum Co., 22,594,295 poods, and the European 
Petroleum Co., 16,532,991 poods. 

During the year an oil pipe line from Baku to Batoum was being con- 
structed and it is expected to be completed in about three years. The decision 
on the question of draining Romany Lake and its leasing out for exploitation 
to Russian capitalists was also a matter of moment as was also the question of 
the reclaiming of 300 dessatines (1 dessatine equals 2°6997 acres) of a narrow 
strip of sea adjoining Bebe-Aibat. ‘ 

Among other items which should be referred to is the decease during the year 
of the inventor of mineral lubricating oils, Victor I. Ragosine; the disastrous 
fire at Baku, which broke out on the property of the Caspian and Black Sea 
Society, in which 200 lives were lost and a large quantity of oil consumed; and 
the striking of the large spouter by the Baku Naphtha Co. in November yielding 
a million poods a day which, in consequence of unpreparedness, was the cause 
of considerable loss instead of a source of profit ; and the opening of the Petroleum 
Institute, in London, where a series of lectures on petroleum science and tech- 
nology is delivered. 


PHOSPHATE ROCK. 


Tue production of all varieties of phosphate rock in the United States during 
1901 amounted to 1,503,623 long tons, valued at $5,336,403, as compared with 
1,527,711 long tons, valued at $5,375,956, which shows a decrease of 24,088 long 
tons in quantity and $39,553 in value from the statistics of the preceding year. 


PRODUCTION OF PHOSPHATE ROCK IN THE UNITED STATES. (@) (IN TONS OF 
2,240 LB.) 


Other Value. 
oe Florida. ene Tennessee.| States. Totals. 


Total. Per Ton. 


333,626 543,490 7,000 121,251 2,060 1,007,367 $3,022,101 
434,273 546,881 2,200 272,191 2,100 1,257,645 4,355,025 
476,238 706,677 15,000 462,561 3,000 1,663,476 6,350,144 
414,034 642,321 17,500 450,856 3,000 1,527,711 5,375,956 
321,181 751,996 b 20,000 409,653 893 1,503,623 5,336,403 


(a) The figures for 1899 are based on railway and export shipments, except those for Tennessee, which were 
furnished by the Commissioner of Labor and Inspector of Mines. In 1898 and 1897 the statistics were 
compiled partly from shipments and partly from direct reports of the producers. In 1901 |the figures are 
from the report of the United States Geological Survey, based on marketed product. (b) Low-grade rock not 
used for fertilizing purposes. 


Prices.—Prices of Florida high-grade rock in 1901 compare ‘with the lowest 
on record, notwithstanding the fact that exports were the second largest in the 
history of the trade. Opening in January at $7°50@$2 per long ton, f. 0. b. Fer- 
nandina, prices receded later to $6°50@$7, and closed the year at $7@$7'50; 
making an average for 1901 of $6°83. Abroad market prices were influenced to 
some extent by low ocean freight rates. Consequently the c. i. f. quotations were 
$12°68@$13-07 per long ton in January; $10°53@$10°92 in June, and $10°53@ 
$11°31 in December, making a yearly average of $11:45. Florida land pebble 
sold at $3°85@$4 per long ton, f. o. b. Fernandina during most of the year, 
and closed in December at $83@$3°25. Abroad prices receded from $9@$10°15 
in January to $7@$8'40 in December. Florida Peace River phosphate brought 
$3@$3'50, f. o. b. Fernandina early in the year, then receded to $2°50@$2°%5, 
and closed in December at $2°25@$2°50. Abroad the extreme quotations were 
$8°70@$6; the higher figure was realized early in the first half-year. 
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Tennessee high-grade rock was in good request, selling somewhat below the 
price quoted for Florida rock. The difference is due to the higher percentage 


of iron and alumina in the Tennessee product. Tennessee export rock sold 


at $2°50@$2-90 f. o. b. Mt. Pleasant in January, $3°25@$3°50 in June, and 
$3:50 in December, making a yearly average of $3°33. Abroad the ec. i. f. quota- 
tions were $11°31@$11°70 in January, $10°14@$10°53 in June, and $10°53@ 
$10-92 at the close in December, making an average for the year of $10°76. 
Domestic high-grade rock prices f. 0. b. Mt. Pleasant were from 25 to 36c. per 
ion lower than those quoted on export material, and averaged for the year $2-97. 
The 75% grade sold at $2°50@$3 f. 0. b. Mt. Pleasant, and the 70 and 72% grades 
at $2@$2-75. 

South Carolina phosphates are consumed mostly at home, though fairly large 
quantities have been exported. Crude rock sold at mines at $3°>50@$4 in Janu- 
ary, $2°50@$2-75 in June, and $2°75@$3'25 in December, making a yearly aver- 
age of $3°36. Dried rock brought $4°50 on vessel, Ashley river, in January, 
$3°25 in June, and $3°25 in December, making an average of $3°65 for the year. 
Abroad the c. i. f. prices opened in January at $7°80 and closed in December 
at $5-67@$6°30, according to destination; the year’s average being $6°88. This 
phosphate competes with the 58 to 63% Algerian product. 

Shipments.—The shipments of phosphate rock to foreign and domestic ports 
are given in the subjoined tables :— 


SHIPMENTS OF PHOSPHATE ROCK. (IN TONS OF 2,240 LB.) 


1899. 1900, 1901. 
States. eee i : 5 A : 
Foreign. | Domestic. | Total. | Foreign. | Domestic. | Total. | Foreign. | Domestic. | Total. 
South Carolina..... 94,921 432,187 | 527,108) 63,500 889,500 |} 453,000) 45,709 275,472 | 821.181 
MONICA Rieck ees 583,182 83,321 671,453] 410,000 120,000 530,000) 548,315 191,361 739,676 
Tennessee......... 163,114 277,447 440,561] 185,000 280,000 415,000) 164,389 245,264 409,653 
North Carolina... ‘| Nil 15,000 TD OOO sate eas 17,500 17,500]... 20,000 20,000 


Pennsylvania...... Nil. Nil. Nil. Nil. 1,000 1,000 953 953 


YEARLY SHIPMENTS OF HIGH-GRADE FLORIDA PHOSPHATE ROOK. (IN TONS OF 


2,240 LB.) 

Countries. 1898. 1899. 1900. 1901. | Countries. 1898. 1899. 1900. 1901. 

Tons. Tons. Tons. Tons. | Tons. Tons. Tons. Tons. 
Austria .... 4,946 (c) 5,922 8,114 | Gath ysiiatecrcesisce ws 11,040 4,546 (c) 5,842 
Belgium....| 38,903 87,108 81,639 58,181 ||Norw’y & Sweden 9,378 | 11,938 8,000 (c) 
Denmark .. 8,287 5,475 2.930 Wap Catal WA Sa FSV b: Pec ne SSO is 1,700 2,702 (c) 
England. ..| 23,849 81,789 20,542 28,790 |\Scotland......... 6,000 9,545 1,790 6,185 
France..... Teveecvaene eras 8,165 (c) 6,498 | All other (0)...... 8,642 8,360 6,408 6,093 
Germany...) 186,731 243,887 208,422 214,280 || - fe See er 
Holland (a),} 64,309 87,167 54,349 72,158 | HILOGEU sis srereteriaieetaie 860,505 |444,675 | 848,556 424,180 
Jreland.,,.| 3,420 (c) 5,852 BLS 


(a) A large proportion of the shipments to Rotterdam is forwarded to the interior of Germany. (b) Included 
in these shipments are those made to the United States, Australasia, Japan, Spain, and the West Indies. 
(c) Not reported. 


Imports and Exports.—The total imports of phosphate rock in 1901 amounted 
to 174,462 long tons, valued at $868,973, as compared with 137,086 long tons, 
valued at $791,189 in 1900. The total exports of phosphate rock in 1901 
amounted to 729,539 long tons, valued at $5,839,245, as compared with 620,070 
long tons, valued at $5,217,946 in 1900. The exports of Florida high-grade 
rock were 424,130 long tons in 1901, as against 348,556 long tons in the pre- 
ceding year, 
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THE WORLD'S PRODUCTION OF PHOSPHATE ROCK. (@) (IN METRIC TONS AND 
DOLLARS. ) 


Algeria. Gere Canada. France. Norway. 


157,886 | $634,323 | 506,730 | $683,140 Bs $9,565 | 526,784 | $3,160,600 | 1,601 | $23,760 
165,738 | 500,905 | 297.470 | 587,320 3,420 | 582,667 | 3,502,027 | 1,106] — 17280 
22° 141 | 9121564 | 350,056 | 436,762 3,984 | 535,390 | 2,852,887 | ¢ 872] 12,960 
269,500 | 1,078,000 | 156,920 | 303,280 5 3.665 | 568.558 | 3,115,958 | 3,593 | 58.352 
324.983 | 1.299.982 | 190,090 | 342.180 rp 18,000 | 645,868 | 3.384.145 | 1,500| 22.275 
319,431 | 1,277,688 | 215.670 | 367,164 7105 | 587,919 | ~ 2,8277291 |  (e) (e) 


Redonda. Russia. in. United Kingdom. | United States. 
Br. W. Indies. (qd) (b) 


5,778 | $24,880 6,327 | $18,682 2,540 | $21,875 | 1,116,247 | $3,296,004 

3.77 11,065 3,048 26,250 | 952,370 | 2.812.116 
5,917 | 22.182 372 | 2,032 17.500 | 1,023,485 | 3,022;101 
1,870 4,784 ' 1575 13.565 | 1,257,645 | 4,355,025 
16,863 | 58,640 j 35 1,469 12,645 | 1,663,476 | 6,350,144 
(e) wee lee ¢ 630 5.425 | 1,552,154 | 5.875.956 


(a) From the official reports of the respective countries and Annual General Reports on the Mineral 
Industry of the United Kingdom, by C. Le Neve Foster. (b) Phosphorites exported. (c) Apatite exported. 
(d) Aluminum phosphate exported. (e) Statistics not yet published. 


PROGRESS IN PHOSPHATE MINING INDUSTRY OF THE UNITED STATES 
DURING 1901. 


By C. G. MEMMINGER. 


Arkansas.—Early in 1902 the Arkansas Phosphate Co. was constructing a 
large fertilizer plant on its property, on the White River Railway, which is 
also under construction and is being extended to the mines. The company 
has just commenced mining operations on a 2°5 ft. layer of 75% phosphate rock, 
running less than 3% in iron and aluminum. 

Florida.—Florida hard rock shipments for the year were 424,130 long tons 
and with the exception of two small domestic cargoes, were all foreign. There 
was an appreciable falling off in the production of hard rock during the year, 
and stocks carried over at the end of the year were lower than in several years 
previous. In the preparation of the rock there is a marked tendency toward 
more careful and thorough methods, which is attained usually by the addition 
of one or more log washers to the ordinary double log plant; also crushing the 
rock after drying and subsequent dry screening give marked improved results 
on certain classes of rock. In fact the necessity for more thorough and. careful 
methods of mining and preparation becomes constantly apparent, especially as 
the higher grade deposits become exhausted and the handling of more difficult 
material renders improved methods a necessity. A careful study of the entire 
hard rock territory makes it very apparent that the more easily mined high-grade 
deposits are by no means numerous and are rapidly becoming exhausted. The 
‘extreme northern section is practically exhausted, and in the extreme southern 
section of the district a number of deposits have been worked and the output has 
fallen off to a very marked extent. A positive proof of the growing scarcity of 
the best class of rock is that deposits are now being opened up and developed 
having an overburden of 25 to 30 ft. A short time ago deposits of this character 
were hardly classed as available. Unquestionably there is a marked limit to 
the supply of high-grade rock. 
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During the year work has been practically completed at Port Inglis, at the 
mouth of the Withlacoochee river, to handle this rock. It is an open roadstead, 
and vessels will have to be loaded by lighters. The success of this enterprise and 
its bearing on the movement and rates are yet to be determined. 

There have been several unsuccessful efforts on the part of large producers to 
form a community of interests, which would undoubtedly be of great value to 
the miners. 

Land Pebble-—There was a very marked increase in shipments of this class 
of rock during the year, 273,594 tons being shipped through Port Tampa; con- 
siderable shipments were in addition made to interior points of consumption by 
all rail, of which no records are obtainable. A new plant was under process of 
construction and the indications are for a still further increase of production 
during 1902. : 

The application of electricity for the distribution of power in one of the largest 
and best appointed plants in the district presents a rather novel feature in this 
class of mining. The economy of this system is yet to be proven, although it has 
many admirable features. The question of fuel supply continues to become more 
serious in this district, as the supply of wood easily available for the plants 
is fast becoming exhausted. Texas oil will be adopted as fuel by at least one’ 
plant, and may in a measure tend to solve this problem, but as the fuel forms 
so large a part of the production cost of this class of rock, price of production must 
gradually increase with increased fuel cost. 

A few new deposits of considerable extent have been developed during the 
year, and there are now large reserves of this class of rock in this district, espe- 
cially of grades running from 65 to 67% of bone phosphate and from 3 to 5% of 
iron and aluminum oxides combined. 

River Pebble-—The shipments of this class of pebble for the year amounted 
to 46,813 tons, distributed as follows: Domestic, 28,023; foreign, 18,790 tons. 
There is nothing of special interest in regard to this class of rock. 

North Carolina.—The shell rock quarry at Castle Haynes, N. C., has been 
operated for the past two years, although the city of Wilmington is taking the 
entire output for macadamizing the streets. The estimated quantity of material 
produced in 1901 was 20,000 long tons, as compared with 15,000 long tongs 
in 1900. These quantities have not been included in the tables of production 
as the rock, which is of extremely low grade, is not used for fertilizing purposes. 

Tennessee.—In the Mount Pleasant district the Tennessee Phosphate Co. 
has been merged with the Federal Chemical Fertilizer Co. It is to be presumed 
that this company will consume its own rock output and that but little if any will 
be available for the market. This company, which was one of the principal 
producers during 1901, has completed a fertilizer plant on the Nashville, 
Chattanooga & St. Louis Railroad, 4 miles from Nashville. The buildings cover 
99,000 sq. ft. of surface, and have a storage capacity of 30,000 tons. The acid 
plant is to have the latest improvements, and is to be built so that it can be in- 
creased as the demand for fertilizers increases. he fertilizer plant is to be 
equipped with the latest improved machinery, and embodies some improved 
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methods of handling the fertilizers. The grounds cover 15 acres, and an extensive 
trackage system is being installed. 

The Virginia-Carolina Chemical Co., already holding large properties in this 
field, is expected to increase them. The absorption of the mines by the large fer- 
tilizer companies, if continued, will result in very little of this class of rock 
being available for the open market. The limits and possibilities of the Mount 
Pleasant field are well known, and while there will probably be some extension of 
the field, the discovery of large bodies of high-grade rock is not probable. 
Mining of the brown and blue rock in Hickman County continues on a small 
scale. This rock forms an excellent basis for the manufacture of superphos- 
phates. There are large reserves of this rock in Lewis and Hickman counties, 
but the best and most available deposits are either controlled or owned by the 
large fertilizer companies. No development of any extent has been done in the 
white phosphate deposits of Perry County. There is some mining and reports 
of new finds in several counties of middle Tennessee, but no deposits of impor- 
tant commercial value have been developed. 

South Carolina.—The bulk of the land rock deposits is owned by, the Vir- 
ginia-Carolina Chemical Co., and the rock is mined for its own consumption. 
The Coosaw Co., one of the landmarks in South Carolina river rock phosphate 
mining, has ceased operation and will dispose of its entire mining plant and retire 
from the business. ‘There is still some river mining being carried on, but on a 
restricted scale. 

Summary.—A special feature of interest to be noted during the year is 
the marked tendency on part of the larger consumers of crude phosphate to 
secure their own sources of supply. There is also a marked increase in the num- 
ber of independent fertilizer factories—independent of the so-called fertilizer 
trusts. Unquestionably there is a very decided increase in consumption of com- 
mercial fertilizers, which is especially noted through the Middle States, where 
lands formerly very fertile now require to be fertilized. Despite the increase in 
consumption of fertilizer there has been, without apparent reason, a decline in 
prices of both Florida high-grade and pebble rock, a condition which is certainly 
abnormal. 


PHOSPHATE MINING IN Foreign CouNTRIES. 


Algeria.—Due to the decree of 1898, the combine of all the leading producers 
now operating the phosphate beds at Tocquville, Ainkissa, Dyr and Kouif prac- 
tically have control of the phosphate mining in Algeria and it is questioned 
whether any extension of the business will result under the present conditions. 
The following companies were operative during 1901: The Constantine Phos- 
phate Co., Le Société des Phosphates, de Tébessa, Le Société Francaise des Phos- 
phates de ‘Tocqueville, Crookstons Bros., Hebre & Girault, Argin Kemna Co., and 
Société Generale des Mines. The factory erected near Bona has been in operation 
since 1899, the sulphuric acid used being obtained by the treatment of pyrites 
from Portugal. The products have been sold mostly in the colony, especially for 
vineyard culture. The shipments of phosphate-from Souk-Ahras during 1901 
amounted to 226,690 metric tons, apportioned as follows: Compagnie des Phos- 


ee 
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phates du Cyr, 88,440; Mine de Kouif, 103,600; La Société Frangaise des Phos- 
phates de Tocqueville, 32,880; Mine de Aiu Kerma, 1,770 metric tons. The 
product from the Kouif mine, operated by the Constantine Phosphate Co., is re- 
ported to be of the following composition: P,O, 31°52% (=Ca,P,0, 68°71%), 
CO, 85%, SO, 2°78% (=CaSO, 473%), CaCO, 50°77%, MgO 0°62%, Fe,0, 
and Al,O, 0°85%, combined H,O 2°35%, organic matter 2°33%, insoluble 0-38%. 
ive cargoes of phosphate rock from the Kouif mine, operated by the Constantine 
Phosphate Co., were reported of the following compositions :— 


; 5 Organic 
Tribasic p Tron and : : ; 
A 7 - Calcium O37: - ’ Calcium |Magnesium| Material 
Cargo. Water. Phosphate | ~~ Silica. | Aluminum] Gangue. : 
8 of Calehaa. Carbonate. Ona Sulphate.| Oxide. ied 
fo % % % he % % % 
UST ie art 2°35 68°71 17-77 0°38 O885i7=< | Saaeitast 4°73 ORG 2a ies tion eecenag 4 
PO eB ees 207 63°84 16°52 0°40 0°39 5°16 4°02 1°10 5°80 
Oder oan 2°29 65°43 15°45 0°40 0°25 4°30 3°69 0°35 7°84 
4th :.3 2°98 65°33 13°77 0°43 0°36 4°25 3°70 0°88 8°20 


High-grade phosphate rock from the Debba mine, operated by the Société Fran- 
caise des Phosphates de Tébessa, analyzed P,O, 31:°3% (=Ca,P,0, 68°27%) 
and CaCO, 17°34%, while that of the second quality was P.O, 28°42% 
(=Ca,P,0, 62°04%) and CaCO, 19°98%. 

Christmas Island.—The phosphate deposits are reported to contain 86% cal- 
cium phosphate, and in addition to the 12-in. layer on the surface of the island 
which alone was worked during 1901, a second deposit occurs from 5 to 6 ft. 
below the surface. In other places prospect pits 40 ft. deep have failed to find 
the bottom of the deposit. Mining operations are carried on by 700 Chinese 
coolies, who load the surface material into small iron trolleys extending in as many 
directions as desired, which are lowered down the hillside by a wire rope and 
drum on iron rails to the tipping shoot, from whence it is loaded into trucks 
and tipped into the lighters of from 0°5 to 0°75 ton capacity. The lighters are 
worked to the vessels and unloaded by hand—a laborious and tedious operation. 
During 1900 and 1901 there were 12,000 tons of phosphate shipped from Christ- 
mas Island to Japan, and it was estimated that the total shipments during 1901 
aggregated 37,000 tons. 

Ligypt.—A discovery of phosphate rock was reported in the region adjacent 
to the Jorelan river which it is thought will be developed as soon as better means 
of transportation are at hand. 

France-—During 1900 the production of phosphate rock in France, amounting 
to 587,919 metric tons, was exceeded only by that of the United States, which was 
1,663,476 metric tons. ‘These two countries contributed 80% of the world’s out- 
out for 1900. The progress in opening up the recently discovered deposits in the 
Pyrenees Mountains is briefly summarized as follows: The Saint-Gobain Co. has 
opened several phosphate quarries in the Artillac Valley, between St. Giron and 
Foix, where the Devonian schistose deposit of from 2 m. to 12 m. in thickness 
has been almost entirely replaced by nodules of phosphate rock. The rich de- 
posits of Tarteing Milles and Cazalos are also being developed. The Lyons Co. 
has built a factory at La Bastide de Seron to treat the product from its mines 
at Rimont, Las Caleses, and Larblont; other mines will be opened up at the 
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completion of the Saint Girons a Foix Railway. The phosphates deposits of this 
region are generally associated with manganese ores; in fact the discovery of the 
phosphate rock was first made at the manganese mine at Las Caleses. The Signat 
mines contain a slight proportion of nodular phosphate of 0 to 75% richness 
in schists which yield from 30 to 35%. The mine is favorably located 4 km. 
from Marignac station. Several quarries are being operated near Accons, on the 
right bank of the Gave de Lescum river. The deposit of phosphate varying from 
1-5 m. to 7 m. in thickness, is free from nodules, although on the left bank 
nodules are found. The Pyrenean phosphates may be divided into (1) The 
Basses Pyrenees group, Valley of Lescum, (2) The Central group, Valleys of 
Luchon and Oueil, and (3) The Ariege group, Valleys of Estangue, Artillac and 
Arize. It is expected that at the completion of the Saint Girons a Foix Railroad 
the Ariege group will contribute largely to the output, and it is estimated that the 
cost of nodules per ton at Castelnau, Durban or Rimont will not exceed 28 fr. 
per ton. 

Norway.—The Dahls mine, near Odegaarden yielded 1,100 tons of apatite in 
1900, and the French company operating in the same district recommenced work 
toward the end of the year. The price for the best apatite during 1900 averaged 
$18 per ton at Norwegian ports. 

fussia.—Owing to the rapid development of the beet sugar industry there has 
been a large increase in the consumption of superphosphate as fertilizer. The 
tussian manufacturers, however, of which there are five at present, are able to 
supply only a small part of the demand, large amounts being imported each year 
from Germany and other countries. Phosphate rock is mined in the Province 
of Podolia, or the Dniester river, but the output is small and is supplemented 
by imports of rock from the United States. 

South Australia.—New discoveries of phosphate rock were made in the north- 
eastern part of Yorke peninsula, about 2°5 miles from the port of Clinton. An 
analysis of specimens from this locality showed 3456% P,O,, corresponding to 
754% tircalcium phosphate. 

T'unis.—A company has obtained a concession at Metlaoui for 60 years of an 
area of 193 square miles, and a railway has been constructed from the oasis of 
Gafsa to the mines, a distance of about 28°5 miles, as well as one to the sea coast. 
The company pays to the State a royalty of 20c. per ton of phosphate up to a total 
of $30,000 per annum, after which the royalty on the next 100,000 tons is dimin- 
ished by %e. per ton, with a still further reduction beyond this quantity. There 
are four principal beds, one of 13 ft. in thickness, the next of 6 ft., and the two 
lower beds of a thickness from 5 to 6 ft. 6 in. The beds contain from 59 to 61% 
of tribasic calcic-phosphate. There were 1,300 work-people employed on the mine 
and railway during 1900. The phosphate f. o. b. mines does not cost more 
than $1 per ton. It is stated that providing the annual output is 300,000 tons, 
the total cost at the port of Sfax of the marketable phosphate will be only $2 
per ton. 
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Tur PHOSPHATE DEPOSITS OF OCEAN AND PLEASANT ISLANDS, IN THE 
SoutH PaActIFic. 


By F. DANVERS POWER. 


BanaBa, or Paanopa, commonly known as Ocean Island, is classed as one of the 
Gilbert Group, thus coming under British influence, wile Nauru, or Pleasant 
Island, is classed in the Marshall Group, and is under German cota 

Ocean Island has an area of 1,389 acres, and, like Pleasant Island, somewhat 
resembles the shape of a kidney in plan. The nearest land is Pleasant Island, 
160 miles distant. Neither of these islands naturally belongs to any group, but 

together with others are known as the “Line Islands.” They are raised coral 
islands and are surrounded by a nearly level shore reef some 100 yd. wide. At 
the edge the land drops very steeply below the ocean—about 400 ft. in 120° yd. 
Ocean Island is surrounded by cliffs of coral rock from 12 to 30 ft. high, which 
are broken up into pinnacles by two series of gullies about 6 ft. wide; one series 
has a contour similar to that of the island, while the other, at riphit angles to 
the former, corresponds more to the boat passages at the edge of the shore reef. 
From these cliffs the land gradually rises to a height of 260 ft., the center of the 
island being practically flat. There is no trace of a lagoon to be seen on tha 
island, and if one formerly existed it must have become subsequently filled up and 
its rim leveled. 

The physical features of Pleasant Island, which has an area of 4,692 acres, 
are somewhat different from Ocean Island. Inland from the shore reef, which 
is covered at every high tide by about 4 ft. of water, is a cocoanut belt, averaging 
100 yd. wide, which is really a continuation of the shore reef, but at a higher 
elevation on account of having been covered with coral sand washed upon it in 
banks during storms. On the island side of the cocoanut belt the ground rises 
suddenly forming a wall of coral pinnacles similar to those surrounding Ocean 
Island. At the southwestern end of the island, inside the wall, is an oval-shaped 
range of hills enclosing a lagoon, and from the south of this range a second 
range passes around the northeast side of it, joining it again at the north. 
There are occasional passes through these ranges, and occasional peaks on the 
higher land up to 220 ft. above the sea level. The ground between the ranges is 
low, while the lagoon is nearly at the same level as the sea. There are other lower 
ranges trending across the island inside the wall of pinnacles from northwest to 
southeast. 

Inside the outer wall of both islands is covered with lime phosphate of a re- 
markably uniform and high grade. There is very little soil and the stripping of _ 
a few inches removes practically all the organic matter. The phosphate deposits — 
of these islands are controlled by the Pacific Island Co., of London and Sydney, 
and the good quality of the phosphate, together with the exceptional facilities for 
mining this material, gives advantages which enables the company to command 
the Australasian and New Zealand markets. 

The phosphate rock is divided into two kinds, classed for commercial purposes: 
(1) “alluvial,” which is in loose grains 0-3 in. and less in diameter, and (2) 
“rock,” which includes loose pieces over 0°3 in. in diameter, also massive blocks 
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found im situ. The classification is merely one of size and not of origin, which 
was made for the benefit of buyers, some of whom are not provided with coarse 
crushing appliances. 

Geologically there are four kinds of rock: (1) Primary rock, formed and 
brought into position by chemical means. (2) Primary alluvial, broken up and 
deposited in its present position by mechanical means. (3) Secondary rock, and 
(4) Secondary alluvial. There may be ternary and quaternary rock and alluvial, 
but it is impossible to determine them. However, the original and secondary 
forms are of interest, as they prove that the island has been raised at least three 
times and lowered twice, facts which under the circumstances are not easy to 
demonstrate by other means. 

Years ago when these islands were comparatively barren and probably unin- 
habited, sea birds undoubtedly used them as breeding and depositing grounds. 
The fish abounding in the neighborhood of the islands supplied them with food 
and the excess of phosphorus was passed away with their droppings. The bulk 
of these droppings is enormous, on islands near the Peruvian coast guano deposits 
having been found 195 ft. thick. The soluble phosphate was leached out of the 
guano by rain, sea spray and dew, and coming in contact with the underlying 
coral rock took up the necessary lime to satisfy it, thus becoming fixed as phos- 
phorite, which then collected in joints and other cavities in the rock. At the 
present time similar phosphate deposits can be seen either filling the joints com- 
pletely or in layers on either wall. That it has filled in from above is shown by 
the stalactitic forms it assumes in certain cavities. To prove that the phosphoric 
acid acted on the coral rock, some of the buried pinnacles unearthed by mining 
operations have a jacket of lime phosphate, about 0°5 in. thick, underneath which 
the coral rock has a smooth surface. The phosphate is also found forming in- 
terior casts of shells and corals. 

In course of time the island sank slightly, and the coral rock, together with the 
phosphate, became worn down by wave action. The former being more friable 
and soluble than the phosphate, was broken up into smaller pieces and removed, 
while the tougher and comparatively insoluble lime phosphate was concentrated 
in caves and passages (original or weathered, so common in coral islands) in the 
form of sand and waterworn pebbles, thus forming the primary alluvial phos- 
phate. As the land rose again the phosphate, which was leached from fresh quan- 
tities of guano, filtered through to the spaces occupied by the alluvial phosphate 
and cemented it into'a compact body, forming the secondary rock phosphate. . 
Deposits of this type can be seen filling former cavities and possessing a very 
pretty pisolitic appearance. Again the land was lowered and the rock subjected 
to disintegration as before. This time, besides primary alluvial, there resulted 
some secondary alluvial which was formed by the breaking up and rolling about 
of the secondary rock phosphate. Waterworn composite pebbles of this nature 
are to be found in the interior of both islands. In the alluvial phosphate are 
recognized particles that have been deposited under different conditions, 1.¢., those 
deposited in joints and those deposited on the floors of the caves. When con- 
solidated these are often mixed up together in a confusion of shapes and sizes, 
which indicates that they had been stirred up with considerable force. 
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The action of the sea seems to have had a greater effect on the disintegraion 
of coral rock than that of atmospheric agencies. The sea has cut back the island 
while forming the shore reef, as is indicated by the caves hollowed out at the foot 
of the cliffs by the waves. These caves and other passages, whether formed by 
the building up or the breaking down of the islands, are important, as they form 
a lodgment for the alluvial deposits. Inland, at the foot of those pinnacles which 
appear above the surface very little if any detritus of lime carbonate is to be 
seen even though the material'is dug out at the base. This is so general that the 
natives invariably used blocks of rock phosphate to build the walls surrounding 
their different properties. This lack of fragments of limestone mixed with the 
alluvial phosphate causes the latter to be clean so there is no occasion to wash it. 
A sharp line of demarcation exists between the rock phosphate and the coral 
rock. The deepest hole sunk on Ocean Island is 29 ft., which does not penetrate 
through the deposit. The higher pinnacles are 30 ft. above the ground where the 
material between them has been washed away. The depth of the deposit in the 
center of the island is unknown, though the holes sunk in various places are 


.sufficient to show that there are immense available deposits of high-grade phos- 


phate. On the tableland at Ocean Island are several shallow depressions which 
probably indicate the presence of primary rock phosphate deposited in cavities of 
the coral rock, the limestone having been dissolved out and probably causing a 
slight local subsidence; at all events, wherever holes are sunk in these places, 
cavernous rock phosphate has been found, and in other places natural holes or 
native wells have shown a similar condition. 

The following analysis by Mr, A. E. Stephen, of Sydney, of a 3,000-ton ship- 
ment from Ocean Island is a fair average of the material. It is calculated on the 
dry basis, The moisture naturally varies with the weather, but it is generally 
dried in the sun to 1%. CaO 53°83%, Fe,O, and Al,O, 0°46%, P.O, 40°3% 
(=Ca,P,0, 87°97%), CO, 15% (=CaCO, 341%), SiO, 0-:06%, SO,, MgO, 
K,0, Na,O 154%, organic matter and combined water 2°31%, total 100%. 

The sulphuric acid varies between 0°5%. and 0-75%, the magnesia is about 
0-75%, while the silica is between 0°1% and 0:°2%. Special picked samples have 
yielded as high as 93% of tribasic phosphate. 

An analysis of Pleasant Island phosphate dried at 100° also made by Mr. 
Stephen gave: CaO 52°94%, Fe,0, and Al,0O, 051%, P,O, 39°86% 
(=Ca,P,0, 87-01%), CO, 15% (=CaCO, 3:42%), SiO, 0:1%, SO., MgO, 
K,0, Na,O 2-43%, organic matter and combined water 2°66%, total 100%. 

As is always the case in phosphate analysis, there is an excess of lime over the 
acids present that are capable of combining with it. This excess is supposed to 
be in organic combination. 


PLATINUM AND IRIDIUM. 


Tux production of platinum from domestic ores in the United States during 
1901 amounted to 1,408 oz., valued at $27,526, as compared with 400 oz., valued 
at $2,500 in 1900. This notable increase in production, however, does not begin 
to supply the United States’ demand, the total domestic output being but a very 
small proportion of the consumption. The production during 1901 was the 
largest quantity recorded since 1880, the year in which statistics of platinum 
produced from domestic ores were first compiled. The next largest output was : 


in 1890, when 600 oz., valued at $2,500, were produced. In connection with the 
production of platinum from domestic ores during 1901 there were obtained also 
253 oz: of iridium, a metal so closely allied to platinum in its properties that 
doubtless it has formed from 15 to 25%. of the reported platinum production in 
former years. 

The chief sources of the domestic supply of platinum are gold placer deposits 
in Trinity and Shasta counties, Cal., from which the metal is obtained as a 
secondary product. Platinum occurs also in many other gold placers of Cali- 
fornia, as well as in Washington, Oregon, Idaho, Montana, and Alaska, but the 
deposits have not been sufficiently rich to place the extraction of the metal on 
a profitable basis. 

The most noteworthy feature of the platinum industry in the United States 
during 1901 was the discovery of the metal in the form of sperrylite in the 
copper ores of the Rambler mine, near Encampment, Albany County, Wyo. 
Other metals of the platinum group—osmium, palladium, and iridium—were also 
present, although they were not distributed uniformly throughout the ore, some 
samples showing palladium and others platinum only. In most cases, however, 
all four metals were found. The platinum content of the ore varied from 
0-06 oz. to 1:4 oz. per ton, anid in a selected sample of covellite (CuS) it was 
as high as 12 oz. The platinum occurs as sperrylite, and in all probability 
palladium also will be found as an arsenic compound. As a result of this dis- 
covery it is important to examine all copper ores for metals of the platinum 
group; so far, the residues from the electrolytic process in a few of the largest 
copper refineries have failed to show the presence of the metal. 
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Other new discoveries of platinum in place which were reported during 1901 
are: In peridotite in the Similkameen district, B. C.; traces in serpentine near 
Weaverville, and near Junction City, Trinity County, Cal.; near Kirby, Josephine 
County, Ore., and chalcopyrite containing platinum and nickel has been reported 
as occurring near Bunkerville, in southeastern Nevada. 

Samples of rock submitted for analysis by J. C. Carter, of Leavenworth, Wash., 
contained 0-375 oz. of platinum metals to the ton, and finer material from the 
same locality contains 0°5 oz. Pt to the ton of ore. 

A new discovery of sperrylite, the platinum arsenide mineral, has been reported 
in the sands of Cowee Creek, Macon County, N. C., where it occurs in minute 
quantities, but there has been no authentic record of the occurrence of metallic 
platinum in the Eastern or Southern States. 

It is of interest to note that chromite is nearly always associated with platinum, 
and occurs in the extensive serpentine formations of many mountain ranges 
in which streams have their source, and in all deposits containing platinum in 
place, the metal occurs with chromite disseminated through basic magnesium 
rock of which serpentine is a common alteration product. It has been forecast 
as within the range of probability that platinum will be found in place asso- 
ciated with chromite in the basic magnesium rocks of California and Oregon 
as well as in the basic magnesium rock peridotite of North Carolina, Georgia, 
Pennsylvania and Maryland, which frequently contains chromite. It is to 
be hoped that future discoveries of platinum will be made which will tend 
to alleviate the present threatened dearth of this important metal. Chrome 
ore deposits also should be examined carefully for platinum, as this mineral 
occurs to a considerable extent in the American platinum as the mineral 
is its most common associate. The discovery of a use for the osmium which 
osmiridium, will greatly benefit the platinum industry of the United States; 
as in the past this mineral has interfered most seriously with the sale of the 
crude domestic product. The demand for osmium for the new Auer incan- 
descent electric light makes it almost as desirable as platinum. 

The world’s annual production of platinum for the past few years has ranged 
between 160,000 and 170,000 oz., of which, as far as can be ascertained, Russia 
supplies at least 150,000 oz., the balance being obtained from South America. 

Imports——The imports of platinum during 1901 were valued at $1,673,713, 
as compared with $1,728,777 in 1900, which shows how insignificant is the 
domestic supply of this important metal. 

Market.——The pure platinum content of platinum sands has ranged during 
1901 from $18 to $22 per oz. New York quotations for the ingot metal per 
Troy oz. remained at $18°20 from the beginning of the year until May 11, 
thence until the close of the year it ruled at $20°50, and during October, Novem- 
ber, and December the price was from $20 to $21 per oz., closing the year at 
the latter figure. Osmiridium is given at from $6 to $10 per oz. The price 
for hammered platinum in quantity varied from 80c. to 82c. Ber g. during the 
year, closing at the higher figure. 

Canada.—A company was formed early in 1902 to devon the platinum 
claims of 320 acres on Slate creek, just over the divide of the Similkameen 
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river, on the Washington side. Operations will also be extended into British 
Columbia territory. Reported assays of the gravel give a value of 25c. per 
cu. yd., the precious metal content being 66% gold and 34% platinum. Another 
deposit of platinum is also reported in Kennedy Mountain, near Princeton. The 
Government assayer at Vancouver, B. C., reports finding considerable platinum 
in the gold dust from the Klondike received during 1901. Platinum has also 
been reported with gold in commercial quantities in a quartz vein on a small 
island in the Lake of the Woods, some 12 miles from the town of Rat Portage, 
where a pit has been sunk to sample the deposit. 

Russia.—The production of platinum in the Urals’ from 1891 to 1900 is 
given in the subjoined table :— 


Poods. Oz. Troy. Year. : fear. E Oz. Troy. 


146,934 158,520 ¢ 174,846 
163,787 181,693 200,260 


135,874 191,172 
167,473 | 192,225 


The new Platinum Industrial Co., which bought up a group of the most 
productive platinum mines and expected to produce an annual yield of 130 poods, 
reported only 50 poods in 1900. 

New South Wales.——The production of platinum in New South Wales in 
1900 was 530 oz., valued at £1,007, which was obtained chiefly from the Fifield 
district, about 322 miles west of Sydney, where it is found associated with gold. 
A deep alluvial “lead” containing the two metals extends for over a mile, vary- 
ing in width from 60 to 150 ft. The sinking is from 60 to 70 ft., through 
loam, with some bands of barren quartz drift. The platinum and gold occur 
in fairly coarse waterworn grains, which are generally confined to the cavities 
in the bed-rock, and to the wash-dirt for a few inches above it, the latter con- 
taining from 5 to 12 dwt. of platinum and from 1 to 3 dwt. of gold per ton. 
The yield from 269 loads, taken from a number of claims along the “lead,” was 
at the rate of 6 dwt. 21 gr. of platinum and 1 dwt. 23 gr. of gold per ton. 

Norway.—An extensive platinum-bearing deposit was discovered during the 
summer of 1901 in the vicinity of Arendal, and a 10-ton experimental plant was 
erected to test the commercial value of the ore. 


TECHNOLOGY. 


Electrodes.—A new form of platinum electrode has been invented by Heraeus, 
consisting of a thin glass tube closed at the lower end, having a number of 
platinum wires fused into the walls; the projecting ends of the wires are fused 
te platinum stripes 0°8 in. wide and 0°0003 in. thick, and the inner ends are 
soldered to an equal number of copper wires attached to a copper block for the 
electrical connection; 100 g. platinum suffices for 10°75 sq, ft. electrode surface. 
It is claimed that this new form of electrode can compete in cheapness with 
carbon. 

Heraeus? tested platinum-iridium electrodes for chemical restivity in 
electrolysis alkaline chlorides, and found that with an alloy of platinum of 


1 Hlektrochemie, September, 1901. 2 Zeitschrift fuer Elektrochemie, March 6, 1902. 
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from 7%°6 to 15% iridium, an electrode could be rolled to a thickness of 0:007 mm, 
and yet have sufficient chemical resistivity to be used on an industrial scale. 

Recovery from Waste Solutions—Adolf Berthold*® proposes the following 
method for the recovery of platinum from waste solutions. The solution holding 
the platinum salts is first filtered to remove any platinum sponge that may have 
been formed, the latter being dissolved in aqua regia and the solution boiled to 
expel nitric acid. The two solutions are then combined and barium chloride 
added to remove sulphuric acid, after which the platinum salts may be reduced 
by treating with concentrated hydrochloric acid and metallic zinc. If a pre- 
cipitate of potassium-platinic chloride should form during the reduction process, 
the solution must be heated and any alcohol or ether present driven off. The 
platinum sponge is removed by decantation and subjected to boiling with hydro- 
chloric acid and to repeated washings with water until all traces of chlorine are 
removed. A final filtration through a Gooch crucible is to be recommended. 
In place of the zine precipitation method, the author believes that the recovery 
might be effected satisfactorily by electrolysis. 

Analytical Determination of Platinum and Iridivwm.—tLeidié and Quennessen‘ 
determine platinum and iridium in platinum ores by repeatedly extracting 5 g. 
of sample with hot aqua regia until complete solution. The united extracts 
are evaporated to dryness at 105 to 110°C., and the residue taken up with a little 
water and filtered. The filtrate is heated to 70°C., sodium nitrite is added until 
the liquid is neutral to turmeric, then sodium carbonate to complete precipita- 
tion. The liquid is then heated to the boiling point, and filtered to separate 
foreign metals from metals of the platinum group. The filtrate is rendered 
alkaline with NaOH and Cl passed through at a temperature of from 70 to 
80°C. to expel as osmium and ruthenium volatile peroxides. The liquid is now 
neutralized with HCl, and more NaNO, added to reconvert into nitrites any 
chlorides of the other metals. In addition to the alkali salts there will now only 
be present the double nitrites of sodium with platinum, palladium, iridium, and 
rhodium. 

To determine the platinum from 30 to 35% KCl is added, which precipitates 
rhodium and iridium as double nitrites with potassium. Filter the converted 
platinum and palladium nitrites into chlorides by means of hydrochloric acid, 
the saline mass being finally taken up with boiling water. The solution is boiled 
with a sight excess of formaldehyde, which precipitates the two metals in the 
metallic form. The precipitate is collected, ignited, reduced in a current of 
hydrogen, and dissolved in aqua regia. This solution is evaporated, the residue 
taken up with water and reduced to convert palladic chloride into palladous 
chloride, the platinum is then precipitated with NH,Cl, and determined by the 
usual methods. 

To determine iridium, the liquid from which the osmium and ruthenium have 
been expelled is divided into two parts, one being reserved for the determination 
of the platinum as described above. In the other the double nitrites of rhodium 
and iridium are converted into chlorides by means of aqua regia containing 
but little HNO,. The iridium is precipitated by NH,Cl in the form of a chloro- 
Sa. Zeitschrift fuer Angewandte Chemie, June 18, 1901. : 4 Journal anni Chim., 1901, 851-355, 
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iridate, the precipitate washed with a solution of NH,Cl, ignited, reduced in 
hydrogen, and weighed as metallic iridium. The iridium could also be pre- 
cipitated with potassium chloride in the form of the double chloride, IrCl,2K Cl, 
the addition of a little water accelerating the precipitation. Finally the reduced 
product is washed with water to remove the KCl, and dried at 115°C. This 
method gives the available iridium only, or that which is in combination with 
the platinum or other metals, and so dissolves in aqua regia. Any iridium in 
the free state or combined with the osmium is insoluble, and remains undeter- 
mined in the extracted residue. 

H. W. Wiley® reduced platium from the hot aqueous solution of potassium- 
platinic chloride by the addition of aluminum wire or clippings. Hydrochloric 
acid is added to aid the settling and to dissolve excess of aluminum; the settled 
platinum is washed by decantation until the complete removal of chloride, 
the solution being filtered, if necessary, to regain any platinum suspended therein. 
The spongy platinum residue is heated with nitric acid to remove any copper 
present and the remaining platinum block is washed, dissolved in aqua regia, 
evaporated on steam bath until a portion taken on a glass rod solidifies. Water 
is then added and the solution re-evaporated until nitrous fumes cease to form 
on the addition of water. The resultant solution of platinic chloride is then 
ready to be diluted to required strength. 


NovTEes ON PLATINUM AND ITS ASSOCIATED M=TALS. 


By James F. Kemp. 


THE price of platinum has steadily augmented within recent years until now 
its quotations exceed those of gold. Special interest therefore is attached to its 
occurrence in nature and above all to its presence in the situations and asso- 
ciations which have not hitherto attracted all the attention that they have de- 
served. The properties of platinum are altogether exceptional and render it 
available for scientific and commercial processes for which there seems to be 
no suitable substitute. These special uses are likely to increase rather than 
decrease, and therefore, aside from the fact that manipulation and control of 
the markets may have in some degree caused the increased price, yet the latter 
is based in part on the actual demand for the metal. 

I became interested in the subject while making investigations for the S. S. 
White Dental Manufacturing Co., and in association with Mr. Albert W. John- 
ston, to whom acknowledgments are due for the generous permission to use 
much of the following information.? 

Almost all the platinum of commerce is obtained from placers and by hy- 
draulic processes. The metal is generally described as occurring in the native 
state, but this is only partially true. The richest nugget yet assayed and 
recorded yielded 86:°50% Pt. The greater number range between 85 and 70%, 
and not a few go lower still. Much the most abundant of the other metals, 
which appear in the nuggets, is iron. When all the available assays are plotted 


5 Journal of the American Chemical Society, January, 1897. 
1 A more extended treatment of the subject will be found in Bulletin 193 of the United States Geological 
” Survey. 
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it is found that iron gradually increases as the platinum percentage falls, until 
the latter reaches about 69%. 'The highest iron percentage of which I know is 
19:5% with 68°8%:. Pt in a specimen from the Urals. Iron then rapidly de- 
creases with the increase of platinum and with values below 80% Pt, iridium 
tends to become very abundant. Asa rule the other metals of the platinum group, 
viz.: iridium, rhodium, and palladium are always present. Until the platinum 
falls below 60% the iridium seldom reaches 5%; rhodium seldom reaches 4%, 
and palladium is less than 2%. In the curves which I have plotted, however, 
there seems to be no law governing their relations. The above statements it 
should be further remarked are based upon analyses of what would be mineral- 
ogically described as platinum and do not include the other mineralogical species. 
Besides the associated metals just referred to, the nuggets often contain osmium, 
ruthenium, copper, and sometimes even gold, but the percentages are smaller. 

In the way of mechanical admixture chromite is the commonest associated 
mineral, some nuggets showing a large proportion of it. Much more rarely 
olivine adheres to the platinum, as do also rarer silicates, such as biotite and 
pyroxene. Scales of iridosmine have been obtained by dissolving away the more 
soluble platinum. 

Besides platinum the other minerals which contain the metals of this group 
are the following: Platiniridium, palladium, allopalladium, and iridosmine 
(sometimes called osmiridium). There -are two compounds with non-metals, 
sperrylite (PtAs,), and laurite (RuS,). In laurite a little osmium replaces a 
part of the ruthenium. Of these minerals only iridosmine and sperrylite are 
of any commercial importance. The former has been vigorously sought in . 
recent years because of its osmium, which is much desired on account of its 
incandescent properties. Sperrylite as an associate of the nickel-copper ores at 
Sudbury, Ont., and in the Rambler copper mine, Wyoming, is of more than purely 
scientific interest. 

Tn its usual associations platinum is found only with the basic, igneous rocks 
which are rich in the mineral olivine, or chrysolite. They constitute the group 
of the peridotites and are likewise the home of chromite, the commonest asso- 
ciate of platinum. The peridotites change readily under metamorphosing in- 
fluences to serpentine, and it is therefore not surprising to find that the platinum 
is often traceable to this mother rock. 

As stated above, the platinum of commerce is still almost exclusively obtained 
from placers and yet the actual gravels seldom rest upon peridotites. It is neces- 
sary to follow the streams to their upper portions, in order to locate the mother- 
rock, but then, so far as known, the peridotites or their relatives are always 
discovered. In the Tura river region of the western Urals, for example, the bed- 
rock of placers is Devonian limestone but the source of the platinum is in 
the peridotites up-stream. 

In one of two instances in the Urals and in several cases in the Tulameen 
river district of British Columbia, the platinum has been detected by assay in 
the peridotite or in its derived serpentine, but the amounts have proved to be 
so small, or else the-metal has been so irregularly distributed, as not to present 
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‘an economic proposition. The evidence in hand leads to the conclusion that the 
platinum is very sparsely disseminated. 

Platinum is also found in other rocks. It has been detected in pyroxenites 
and even in crushed and chloritized granite in the Tulameen region. It has 
likewise been reported elsewhere from syenites and gabbros. Mr. A. W. Johnston 
has determined it by assay in hornblende gneiss and Triassic shale from Penn- 
sylvania. In the shale it may have been in the form of a fossil placer. The 
late Dr. F. A. Genth, of Philadelphia, detected it in a clay slate from Lancaster 
County, Pa., which contained pyrite, chalcopyrite and galena. He also found it 
in ilmenite in a mica schist from the same place.? In a most extraordinary de- 
posit near Broken Hills, New South Wales, it has been found in kaolinized ma- 
terial, lying beneath an iron cap, and shading into less and less altered granite 
or gneiss in depth. It is supposed by Mr. J. B. Jaquet,* who has described the 
occurrences, that the vein phenomena were produced by an uprising hot spring. 
The region is one of metamorphosed Lower Silurian strata, in which are dikes 
and bosses of granite. 

Platinum has been reported in several instances, and on good authority, as 
occurring in gold-bearing veins, and jin such a way as to lead one to believe 
that so far from being associated with basic igneous rocks, it was actually in a 
gangue of quartz. C. F. Hartt, in his work on the “Geology and Physical’ 
Geography of Brazil,” page 448, quotes from HE. Williamson,* who states that 
platinum occurs with the usual common metallic sulphides, in the gold quartz 
vein called Boa Esperanca, in the Province of Parahyba do Norte, Brazil. 
Palladium has likewise been known for many years at Gongo Seco, in the 
Province of Minas Geraes, and a variety of gold called “ouro preto” has received 
a special name, apparently because of this. Hartt in a footnote of the work 
just cited, page 542, states that the Brazilian gold is occasionally alloyed with 
platina. Platinum has also been reported from the gold quartz veins of the 
‘Beresovsk® district, Russia. In a sample from Leavenworth, Wash., which the 
microscope proves to be a vein of crushed quartz with much pyrite, A. W. 
Johnston and myself have found 0°375 oz. to the ton. 

The allopalladium of the treatises on mineralogy was obtained in association 
with gold in veins of red hematite in diabase, at Tilkerode, Hartz Mountain. 

The most interesting and, commercially speaking, the most important associa- 
tion of platinum is with copper-bearing minerals. Several such cases have long 
‘been matters of record, although they have been mostly overlooked. It is 
-a strange fact that platinum was recorded from Spain, by the French chemist 
Vauquelin as early as 1806, while there existed only unconfirmer rumors about 
the Urals. Vauquelin reports it in amounts varying from traces up to 10% in 
‘a silver ore from Gaudaleanal. The ore contained in addition copper, lead, 
antimony, iron, sulphur, and sometimes arsenic. It occurred in a gangue of 

2 Pharmaceutisches Centralblatt, 1652, 72. 

3 J. B. Jaquet, Records of the Geological Survey of New South Wales, V., 1896, p. 33. 

4B. Williamson’s paper, of whose volume and page Prof. Hartt did not know, is from the Transactions of 


the Geological Society, of Manchester, Eng., VIT., 118, 1866. 
5 Phillips-Louis, Ore Deposits, p. 546, 
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calcite, barite and quartz,® and was considered to be a variety of tetrahedrite. 
A French mining engineer named E. Gueymard identified platinum in a tetra- 
hedrite from the French Alps as early as 1847. The ore occurred in the valley 
of Drac in beds of crystalline limestone, in association with dolomite, quartz and 
barite. The other metals present were copper, antimony, lead, zinc, iron and a 
little arsenic. In 100 assays, 20 gave either traces or weighable amounts. 
{. Gueymard afterward found platinum in similar associations in several other 
Iccalities in this same general region, and once in bournonite. His results were 
fully confirmed by the best chemists of Paris.’ 

The discovery by F. L. Sperry of a heavy metallic residue in the concentrates 
of the Vermillion mine, near Sudbury, Ont., and its subsequent identification 
and description as sperrylite (PtAs,) by Professors Wells and Penfield,* first 
called attention to the existence of platinum in connection with the nickel-copper 
deposits of this region, and although it was first observed in the concentrates of a 
stamp mill working for gold, it has since been observed in the base metal ores. 
Iudeed, Clarke and Catlett? subsequently determined platinum in quantities re- 
spectively of 2°55 oz., 1:8 oz., and 7 oz. per ton in polydymite from Sudbury. The 
metal received attention as a possible by-product in treating the mattes. 

The most interesting announcement in this connection which has appeared in 
the last few years is that of the discovery of platinum in the copper ores of the 
Rambler mine, already referred to elsewhere in this section. The ore occurs in 
metamorphic rocks, and exhibits from the surface downward, the iron cap, 
oxidized ores, covellite and finally chalcopyrite. The platinum is especially rich 
in the covellite. The assays show quantities from 0°06 to 1:4 oz. per ton. A 
sample apparently of wall-rock which I have examined microscopically and which 
has yielded identifiable amounts of platinum, proves to be a baked slate or horn- 
fels, and doubtless came from the contact of an intrusive rock on slates or shales, 
The rock contains much pyrites. By panning down the covellite, Professors 
Wells and Penfield have detected crystals of sperrylite.’° 

These discoveries make it extremely desirable to be on the watch for platinum 
and its associated metals in copper ores. Comparatively minute quantities may 
have been overlooked in the past and yet may be profitably saved in modern 
methods of electrolytic refining, especially while platinum rules at its present 
quotations. Its occurrence is, however, exceptional, and tests of electrolytic 
residues in some of our largest copper refineries have failed to show it. 

It is likewise important to look for it in deposits of chromite since the latter 
is its commonest associate. But it is important to appreciate that if platinum 
should be found not associated with a smelting ore of copper or lead, it will 
be necessary to recover it by some smelting process or by some method of 
magnetic extraction, or by some other method which does not involve amal- 
gamation. 


6 Vanquelin, Annales de Chemie, LX., 317, 1806. 

7E. Gueymard, Comptes Rendus, XXIX., 814. 

8 American Journal of Science, January, 1869, pp. 67-71. 
8 Ibid., May, 1899, p. 372. 
10 Jbid... February, 1902, p. 95. 
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Tue world’s supply of potassium salts, with the exception of saltpeter, con- 
tinues to be derived from Germany, where the production is controlled by the 
KXali-Syndicate which was organized by all the active mines for the protection of 
common interests and especially to avoid overproduction. The agreement first 
entered into in 1879 has been renewed and revised from time to time. The 
last renewal dates from June 22, 1898, was amended on June 29 of that year, 
and is to run until December 21, 1901. According to this agreement the market- 
able products are divided into three classes: (1) Crude salt, that is, potas- 
sium and magnesium products direct from the mines, not including boracite ; 
(2) manufactured products, so far as they are prepared in the chemical works 
connected with the mines; (3) mixed salts, mixtures of crude and prepared salts, 
for fertilizers. 

It is understood that early in 1902 an agreement was made by the Kali-Syndi- 
cate to supply the Virginia-Carolina Chemical Co. (and probably the American . 
Agricultural Chemical Co. as well) with potassium salts at more favorable terms 
than those prevailing in recent years. This community of interests resulted from 
the purchase or option of independent potassium salt properties in Germany by 
the American companies. The importance of the consumption of potassium salts 
in the United States is reflected by the large quantity imported annually from 
Germany. In 1901 the aggregate imports of potassium salts exceeded 100,000 
metric tons. 

The Kali-Syndicate by its agreement determines not only the sale and the 
prices of the different products but it has also decided the exact amount which 
each mine may contribute to the total output. In this connection the products 
of the mines are divided into four classes, according to their percentage of 
potassium, as follows: (1) Products with more than 48% K,O, an equivalent of 
761% KCl or 88:°9% K,SO,. . (2) Products with not more than 48% K,O nor 
less than 18%, equivalents of 7671 to 28°5% KCl or 88'9 to 33°3% K,SO,. (3) 
-Crude salts (not carnallite) with 12°4 to 18% K,O, equivalents of 19°7 to 28°5% 
KCl or 23:0 to 33:°3% K,SO,. (4) Carnallite salts with less than 12°4% K.,O. 
The percentage of potash is made the basis for determining the amount of salts 
of each kind which any manufacturer may offer for sale, but no restrictions are 
put on the output of the crude material so long as it does not come into the 
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market. Class 1 includes mostly refined products; class 2, both refined and 
crude; classes 3 and 4, crude only. A method for separating classes 3 and 4 
was adopted, and will prevent carnallite salts which contain a high percentage 
of potash being sold under class 3. It is based on the relative solubilities of 
carnallite and kainite in 96% alcohol, the magnesium chloride in the kainite 
being insoluble, while it is soluble when occurring in carnallite. Salts which 
contain more than 6% soluble chlorine are put in class 4. 

The quota assigned to each member of the Syndicate for the year 1900 is 
shown in the following table, which also gives their relative importance. The 
figures in each column represent the contribution of each mining company per 
1,000 metric tons of total output for 1900. Statistics for 1901 are not available 
at time of publication. 


Name of Mining Companies. Class I. Class II. | Class III. | Class IV. 

Der koeniglich preussicher Bergfiscus....... 130 130 130 142 
Der herzoglich anhaltische Landesfiscus..... 118 118 120 110 
Wresterce clnaricis snsncen utente islet Rea ee 100 100 102 100 
INGUSSEASSEULGS citcccs Soe tarelerer ae nents sie cists 100 100 102 100 
ASCRENSIODOD 2s since a eran ended a oreleteree eae ten 100 100 102 100 
Peau wll eioretc re cicvesesoceciciclassterorctoreio sclera sialoret es vi 72 26 80 
IS SCA ALE inh Roane ons GeO ObIanOE Sonn UGeronc 93 93 101 100 . 
Deutsche Solvay-Werke............ceseeeeees 100 100 102 100 
Thiederhallsccai soca assesses sei eee 46 46 Nil. 48 , 
Wel elm Bball se ccaisictece vce scolsvalerste ein ae ereccers ties 61 61 85 70 
GRUIECK ANE cscs acter terniverittaies cocaine entertains 40 40 70 Nil. 
FV OCWAPS OUT Rieress ei stayetsiesa aio ete:sberstorshatetiier« Sietercarrent 40 40 60 50 

SDOUB UN cis iticsiaro ssters @ataiere ce orsiage cuir Ter oes 1,000 1,000 1,000 1,000 


The works belonging to the Syndicate are supplied with 513 boilers represent- 
ing 53,250 H.P. and 738 engines of 47,420 H.P. The personnel consists of 
818 officers and 15,570 laborers. 

It is believed that deposits of potassium salts exist in certain localities, and 
a company has been prospecting for potassium salts in the United States for 
several years, but so far without success. 

Imports.—The imports and exports of potassium products of the United States 
are given in the tables at the end of this volume. 

The statistics of the Stassfurt salt industry for the past five years are given 
in the following tables, which were kindly furnished by the Verkaufssyndikat 
der Kaliwerke, Leopoldshall-Stassfurt, commonly referred to in the trade as the 
“Kah-Syndicate.” Statistics from the beginning of the industry in 1857 to 
1895, inclusive, are given in detail in THe Minera Inpustry, Vol. VIIL., 
pp. 480 and 481. 


KALI-SYNDICATE OUTPUT OF CRUDE SALTS OF ALL KINDS. (IN METRIC TONS. ) 


Rock Salt. Carnallite. Kieserite. | Sylvinite, | (0 Hartsalz,| — Boracite. ‘ 
Year. “NaCl. | KCl, MgCl,+6H,0. | MgSO,+H,0.|  K et Merb Ok. | tet 
1897... 288,086 851,272 2,619 84,105 1,012,186 184 2,238,402 
1898...| 291°591 990.998 2'444 94/270 1,120,616 252 2°500.171 
1899...| 310.378 1,317,948 2'066 100.653 1,063,195 155 | 2°794'305 
4000-54 6? <0) 1,697,803 2.047 147-791 1'189,394 223 | 31037,258 
1901... (b) 1,860,189 2,385 190,034 1,432,136 {c) | 3,484,694 
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UTILIZATION OF THE CRUDE POTASSIUM SALTS. (IN METRIC TONS.) 


Kainite and Sylvinite (a) 


Carnallite and Rock Kieserite. (including Hartsalz and Schoenite). 


For Agricultural 
Purposes. 


Germany. | 


For Manu- 
facturing 
Concen- 


Elsewhere. 


trated Salts 


Total. 


For Agricultural 
Purposes. 


Germany. 


For Manu- 
facturing 


Gancenc Total. 


Elsewhere. |trated Salts 


58,544 
60,793 
58,677 
55,489 


5,157 
7,189 
4.611 
2.869 
7,382 


790,190 
925,461 
1,256,730 
1.641.493 
1,777,280 


853,891 
993,443 
1,320,018 
1,699,851 
1,862,524 


668,340 
722,115 
717,637 
724,624 
859,115 


295,765 
334,111 
314,869 
375,007 


494,220 


182,185 
158,660 
131,342 
237,554 
268,885 


1,096,290 
1,214,886 
1,163,848 
1,337,185 
1,622,170 


(a) Quantities of sylvinite containing more than 13% potash. 


PRODUCTION OF CONCENTRATED SALTS. (IN METRIC TONS. ) 
Sulphate. i eon 
Potassium—Magnesium| Kieserite; 
ull oes Maemo “Ground 
and 


Calcined. 


Potassium 
Sulphate. 
90% 


Potassium 
Chloride. 
80% 


Kieserite 
Crystalliz’d} Calcined. 
40% 


214 
728 
260 
358 
361 


15,403 
17,781 
24,656 
34,255 
28,159 


922 
914 
579 
932 
7,513 


197,474 | 


(a) Quantities containing 38% potash. 


MARKETS IN 1901. 


United States.—The prices established by the Kali-Syndicate for the year 1902, 
for New York, Boston, Philadelphia and Baltimore per 100 lb. are as follows: 
Muriate of potash, 80 to 85%, basis 80%, $1°80; muriate of potash, minimum, 
95%, basis 80%, $1°83; sulphate of potash, 90%, basis 90%, $208; sulphate 
of potash, minimum 96%, basis 90%, $2°11; double manure salt, 48 to 53%, 
basis 48%, $1°09; manure salt, minimum, 20% potash, 62c. For Norfolk, Va., 
Charleston, Savannah, Wilmington, N. C., and New Orleans, La., add 3°5c. to 
the New York prices for muriate of potash salts, 3c. for sulphate of potash salts 
and 2-5c. for double manure salt. For bulk salts on basis of foreign analysis, 
kainite testing 12°4% potash is quoted for New York at $8°80 per ton of 2,240 lb., 
invoice weight at shipping port, or $9°05 actual weight at receiving port; sylvinite, 
38c. per unit of sulphate of potash, invoice weight at shipping port, or 39c. 
per unit, actual weight at receiving port. Kainite prices for Norfolk, Charleston 
and other Southern ports are 50c. higher, while sylvinite is 2c. per unit higher 
for Norfolk, Charleston and other Southern ports. These prices are for not less 
than 500 tons of bulk salts or 50 tons of concentrated salts, and are based on river 
shipment from the mines to the seaport. For rail shipments an additional 
amount of 40 pfennigs per 100 kg. or 5c. per 100 Ib. is required. 

Germany.—The following prices for the different products in 1900 have been 


Marks for 
80% KCI. (a) 


Marks for 
80% KCl. (a) 
14:55 
14°75 
14°85 


aoe > Marks for 
4 KCl. % KCl. % KCl. 80% KCl. (a) 


90-95 
95-96 
96-97 


80-85 
85-88 
88-90 


14°26 
14°35 
14°45 


97 98 
98-100 
(b) 98-100 


(a) One mark=23'8e. The prices are all based on 80% KCl; the excess is charged for at different rates 
according to the exact analysis of the material. Thus, 84¢ KCl would cost 14°25 marks plus 0°7125 marks (4% 
KCl at basis of 14:25 marks for 80%), or 14°9625 marks. (b) With not more than 0°5% NaCl. 
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furnished by Dr. F. Klockmann. (Prices for 1901 not at hand.) They include 
package and are f. o. b. Stassfurt :— 

A.—Potassium Chloride. (Prices per 100 kg. in amounts not less than 50 
metric tons. ) 

B.—Potassium sulphate (high grade, in any amount).—For minimum of 
90% K,SO, and maximum of 2°5% Cl, 16°45 marks per 100 kg. 90%; for 
minimum of 96% K,SO, and maximum 1% Cl, 16°85 marks per 100 kg. 90%. 

C.—Double sulphate of potassium and magnesium (in any amount).—Cal- 
cined, containing a minimum of 48% K,SO, and a maximum of 2°5 Cl, 8 
marks per 100 kg. 48%; crystallized, containing a minimum of 40% K,SO, 
and a maximum of 1% Cl, 6-40 marks per 100 kg. 40%. 

D.—Potash fertilizer (exclusive of package in carload lots).—For minimum 
of 20% pure potash, 3°10 marks per 100 kg.; for minimum of 30% pure potash, 
4°75 marks per 100 kg.; for minimum of 40% pure potash, 6°40 marks per 
100 kg. 

#.—Kieserite, calcined and ground (in any amount).—For a minimum of 
70% MgSO,, 2°60 marks per 100 kg., and no additional change for an excess 
of that percentage. 

The rapid strides made by the potash industry are evident in the statistics 
of production, according to which the total output of salts in 1861 was 2,293 
metric tone, but in 1900 amounted to over 2,000,000 tons. 


PROGRESS IN THE CHLORATE AND HYPOCHLORITE INDUSTRIES IN 1901. 
By J. B. C. KERSHAW. 
Chlorates.—Little change has occurred during 1901 in the electrolytic chlorate 
industry. ‘The number of works remains stationary at ten, and the power avail- 


able for the manufacture in these ten factories lies between 30,000 and 40,000 H.P. 
Further details of the factories for chlorate production are given in Table I. 


TABLE I.—ELECTROLYTIC CHLORATE WORKS IN OPERATION IN EUROPE AND AMERICA 
DURING 1901. 


Horse Power. | Source 


Locality. 

: Name of Company. ‘ of > 

Me of Works. Available}|Utilized| Power. Process Used. 
1|Messrs. Corbin et Cies. voc... sc icccs ciccees Chedde......| 12,000 9,000 |Water..)Corbin open cell. 
2\Société d’Electrochimie..................- St. Michel... 4,000 (?) |Water..|Gall & Montlaur cl. cell. 
3/Société d’Electrochimie....,..........200 Vallorbe..... 8,000 (7?) |Water..|Gall & Montlaur cl. cell. 
4|Snperfosfat Fabriks Altiebol A. G.,....... Mansboe..... 4,600 (2?) |Water..|Carlsen cell. 
5|Superfosfat Fabriks Altiebol A. G........ ADV cies en (?) (?) |Water.,|Carlsen cell. 
6|Consortium f. Elektrochemische Industrie|Ginllog ...... 4,500 (?) |Water..|Kellner cell. 
7|Geselischaft f. Elektrochemische Industrie] Surgi......... 800 600 |Water.. (2) ; 
8|The North American Chemical ‘Co........ Bay City..... 2,000 ?] 2,000 ?|Steam..|Hurter cell. 
9|The National Electrolytic Co.............. Niagara Falls|.......... 2,000 |Water..|Gibbs open cell. 

10|The Chemical Construction Co............ Niagara Falls|......... 500 |Water..|Blumenberg closed cell. 


No very reliable figures for the total output of chlorates in 1901 can be ob- 
tained, and estimates based on the power available are misleading. Most of the 
companies engaged in the manufacture of electrolytic chlorates produce other 
products, and since the fall in the price of potassium chlorate below 3°5d. per lb. 
the tendency has been to devote an increasing proportion of the power to the 
production of perchlorates and persulphates. 

From figures for individual works, it is calculated, that about 10,000 tons 
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potassium and sodium chlorates were produced by electrolysis in 1901, and that 
the output of the electrolytic works is slowly increasing, at the cost of the works 
still operating the chemical process. As an example of the relative positions of 
the two processes in France, the following figures published by Guillet for the 
year 1899 are instructive: Electrolytic works (2), 3,000 tons; chemical works 
(2), 850 tons; total, 3,850 tons. 

Two companies have increased their production during 1901, the National 
Electrolytic Co. at Niagara Falls, N. Y., and Messrs. Corbin et Cie. at Chedde, 
France. The former company is now using 2,000 H.P. in the manufacture, in an 
improved form of the original Franchot & Gibbs cell. This cell is constructed on 
the filter press principle, without a diaphragm, and has anodes of thin platinum 
foil, and cathodes of copper wire. An illustrated description of the cell and 
process has appeared during 1901. Messrs. Corbin et Cie. at Chedde have in- 
creased their production, chiefly by improving the efficiency of the cell process. 
The details of the improvements are not available for publication, but it is prob- 
able that they are based upon the use of potassium or sodium chromate in the 
electrolyte. A small percentage of this compound has a remarkable and unex- 
plained effect in raising the yield of chlorate. At Chedde the ampere hour effi- 
ciency has been raised from 42 to 85% and it is expected shortly to attain a cur- 
rent efficiency of 90% in the cell process. In this way, using the same plant 
and power, the production has been increased from 2,200 tons in 1899, to 4,500 
tons, and the works at Chedde now produce more chlorate than any other factory 
in the world. A market for this chlorate is found in Germany, Italy, America, 
and Japan, and large quantities are used in the manufacture of a new explosive 
called “Cheddite.” The chemists of the Société d’Electrochimie, at St. Michel 
and Vallorbés, where the Gall & Montlaur process is worked, are also reported to 
have considerably improved the efficiency of the process, but details are lacking. 

As regards the theory of electrolytic chlorate production, Brochet has published 
the results of laboratory investigations,? which prove that, in all cases, hypo- 
chlorite is an intermediate product. The conversion of this hypochlorite into 
chlorate is the result of a secondary chemical reaction in the cell, and it is in 
this conversion that the presence of chromate plays a remarkable réle. In 
Brochet’?s own experiments, the reduction at the cathode was diminished seven- 
fold, when chromate was added to the electrolyte. 

Moody & Tucker also have recently investigated the action of chromates, when 
used with an electrolyte of calcium chloride, and they find that under stated 
conditions of work, an efficiency of between 76 and 86 per cent. can be attained, 
for long periods of electrolytic action.* In these experiments, ‘the platinum 
electrodes were horizontal and spaced 10 cm. apart, a current density of 8 
amperes per sq. de. of anode surface was used, and the temperature of the 
electrolyte was maintained at 80°C. It is hoped that this investigation may lead 
to the utilization of the waste calcium chloride liquors of the ammonia-soda 
works. 


1 The Electrician, Dec. 18, 1901. 
2 Hlektrochemische Zeitschrift, February. 1901. 
3 Journal of the Society of Chemical Industry, November, 1900. 
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clectrolysis for bleaching purposes is believed to be extending, little detailed infor- 
mation concerning the progress made in 1901 is available for publication. 

The experimental trials which were started at Bradford, England, in 1899, 
have been suspended, as the results obtained were unsatisfactory. Entirely sat- 
isfactory working has followed the introduction of the process elsewhere, and 
one can only assume that the apparatus used in these experiments at Bradford 
was defective, or that the men in charge of it were responsible for its failure. 
Further trials with the electrolytic method of producing bleaching solutions, 
are however likely to be made in the United Kingdom, as the Electric Bleaching 
Co. with a capital of £15,000 has been registered during 1901, to purchase and 
work two patents granted to A. Vogelsang, relating to electrolytic hypochlorite 
cells. The Vogelsang cell as stated in my last report in THE MINERAL INDUSTRY, 
Vol. IX., is already operating at several bleaching works in Saxony. | 

With regard to France, it is stated that the obstacle to the extended use of the 
electrolytic method is the large supply of bleaching powder which can be ob- 
tained at unusually low prices by the bleach works. Both France and Germany 
‘contribute to this overproduction of bleaching powder, the output of each having 
been greatly increased in recent years by the erection and operation of so many 
electrolytic alkali works. 

The largest installation of electrolytic hypochlorite cells in France of which 
definite information has been given, is at the cellulose factory of Corbin et Cie. 
at Lancey. The process and cell used here is patented in the name of Paul 
Corbin, and 700 H.P. is said to be utilized in the production of 1,000 tons 
bleached cellulose per annum. The cell is characterized by a large number of 
secondary platinum electrodes held in ebonite frames, with an external structure 
of cement. The. Hermite cell is reported to be in use at a paper works at 
Exssones, and at one or two textile bleaching works. 

In Germany, a very large number of the textile bleaching factories in Saxony 
and Bavaria use the new method of preparing the bleaching solutions, and cells 
patented under the names of Kellner, Vogelsang, and Haas & Oettel, are found 
in these works. Little new information concerning the progress made in these 
districts has been published during 1901. Oecttel has however given figures 
showing the yields obtained with the Haas & Oettel apparatus and has stated that 
100 of these are now in use in various works in Saxony. Replying to criti- 
cisms by Engelhardt who had claimed a higher efficiency for the Kellner type 
of cell,* Oettel has shown that at high concentration of the electrolyte, the Haas 
& Oettel cell is the cheaper to work. For weak solutions the Kellner is the more 
economical. As regards first cost, the Haas and Oettel apparatus to yield 11°2 
kg. active chlorine in 9 hours costs 2,500 m. ($625), while the Kellner apparatus 
to yield 36-7 kg. chlorine in 9 hours costs 13,000 m. ($3,250). This difference 
+n cost is due to the fact that in the Kellner apparatus, platinum is used as elec- 
trode material: while in the Haas & Oettel cell, specially prepared carbon is 
employed. When worked out as comparative cost per kilogram of active chlorine, 
the capital outlay in the latter case must be multiplied by 3°3, and the saving is 
less striking than appears at first sight. 


—$— << rr 


4 Zeitschrift fuer Elek trochemie, Jan. 81, 1901. 
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The depreciation with the Haas & Oettel type of cell is estimated at 10%. 
The carbon electrodes are said to last half a year with proper use. The latest 
form of Haas & Oettel cell makes use of the pressure of the liberated hydrogen 
to circulate the electrolyte. In the Kellner apparatus this work is performed by 
a small pump. ; 

The only note available relative to the use of electrolytic bleaching methods 
in Austria or Russia, is that the Kellner cell is employed at wood-pulp factories 
at Gratwein, and at Hallein, in Austria. At the latter works, 200 H.P. is be- 
lieved to be used, to prepare the bleaching solution, and 15,000 kg. of bleached 
pulp are produced per day. The brine after electrolysis is reported to contain 
12% active chlorine. This factory is owned by the Kellner-Partington Paper 
Pulp Co., which also controls a similar plant at Sarpsfos in Norway. Very 
few facts have been published concerning the last-named plant, but it is stated 
that an 800-H.P. Thury dynamo is installed, and that a 0,000-ampere current 
is generated at 120 volts’ pressure. 

At Stjernfors, the Hermite cell is reported to be still in use, in a wood-pulp 
mill producing 1,750 kg. bleached pulp per day; and at Billingsfors in Sweden, 
a Schuckert installation is in operation, 390 H.P. being utilized, to produce 
14 tons bleached cellulose per day. The electrolyzed solution contains 174% 
active chlorine and the cost is said to amount to 182 kr. ($48.%7) for 820 kg. 
active chlorine. This total is made up of the following items: Power, 52 kr.: 
salt, 107 kr.; wages, 7 kr.; depreciation and repairs, 16 kr. This plant started 
work in July, 1900.® 


THE MANUFACTURE OF PoTassiIuM CYANIDE. 
By SAMUEL AUCHMUTY TUCKER. 


THE growing demand for cyanide has resulted in many new processes being 
devised for its manufacture, some of which perhaps show more ingenuity than 
practicability ; however, in time it would appear that most of the cyanide will 
be manufactured by processes other than the older methods of fusion with 
potash or the working up of by-products from the manufacture of gas. 

The Harliest Synthetical Method.—In the earliest process for making cyanides 
—which is still used to a limited extent—potassium carbonate is fused with a 
mixture of iron borings and nitrogenous organic matter such as hair, horn, 
dried blood; leather cuttings, and the like, in the proportion of 1:25 parts of the 
mixture for 1 part of the potash, the iron borings being in the proportion of 
6 to 8% of the organic matter. 

Tron pans set in a reverberatory furnace are used, the temperature being kept 
just hot enough to liquefy the potash but not so high that the cyanogen com- 
pounds are volatilized. As soon as quiet fusion is maintained the mass which 
consists of potassium cyanide, carbonate, and sulphide, together with iron sul- 
phide, is broken into lumps and digested in hot water for several hours. During 
this period cyanide is converted to ferrocyanide by the reaction :— 


6KON-++-FeS=K,S-++K,Fe(ON),. 


— 


51 krone equals 26°8c. United States currency. 6 Zeitschrift fuer Elektrochemie, Sept. 6, 1901. 
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Liebig’s explanation of the process was that cyanogen is formed from the C 
and N of the organic matter, the potash being reduced to metallic potassium, 
which unites with cyanogen to form KCN, and the sulphur is taken up by the 
iron. On lixiviation the above reaction takes place with the formation of the 
ferrocyanide. The chief objections to the process are loss of potash and more 
particularly of nitrogen, and the product is impure. 

Conversion of Ferrocyanide to the Cyanide of Potassium.—This result is 
brought about by fusion of the ferrocyanide in a red-hot iron crucible with an- 
hydrous potassium carbonate in the proportion of 8 parts of the former to 3 of 
the latter. ‘The reaction is: K,Fe(CN),+K,CO,=Fe+CO,+KCNO+5KCN. 
Fusion .of the ferrocyanide alone yields: K,Fe(CN),—4KCN-+Fe(,+N, 
The iron carbide formed sinks to the bottom, but not nearly so perfectly as the 
metallic iron produced in the first case, and consequently results in a more im- 
pure product; besides there is a loss of available carbon and nitrogen. In any 
case the cyanide is contaminated with cyanate and very largely so unless the air 
is carefully excluded. 

Ferrocyanide may also be converted to cyanide in a state of great purity by 
means of metallic sodium which is now prepared very cheaply by the Castner 
and other processes. The ferrocyanide in fusion is subjected to the action of 
melted sodium, which results in the formation of a mixture of potassium and 
sodium cyanides if potassium ferrocyanide is employed, or in pure sodium cyanide 
if the raw material is sodium ferrocyanide. This admixture produces a cyanide 
which, tested by ordinary methods for cyanide of potassium, would assay over 
100%, so enough potassium carbonate is added in the commercial product to 
reduce the assay test to from 98 to 99% pure potassium cyanide. A large part of 
the potassium cyanide in use is made by this or similar methods. The reaction 
takes place as follows: K,Fe(CN),+2Na=4KCN+2NaCN-+2Fe. 

The Manufacture of Cyanide from Ammonia.—In experiments made to form 
cyanides by passing atmospheric nitrogen over. red-hot carbon together with 
potash, it was soon found that if ammonia was used instead of nitrogen the yield 
was increased. Several patents have been taken out using this source of nitrogen, 
and Young and Macfarlain* found that there was a great advantage in using 
a combination of carbonic oxide with the ammonia, for which they took out a 
patent in 1892. They claim to have produced a 70% cyanide working on these 
lines, but J. 'T. Conroy,” who repeated their experiments, failed to get more than 
a 380% cyanide, and showed that using ammonia alone resulted in but 4% of it 
being converted to cyanide. W. Siepermann and others suggested the use of 
barium carbonate to be mixed with the potash which renders the charge more 
infusible. / 

A plant is now in course of erection at Manchester, England, in which cyanide 
is to be manufactured by the Grossman process,* which depends upon the action 
of ammonia but has several new features. Ammonia gas is passed over a heated 
mixture of potassium sulphide, carbon, and sulphur in a suitable retort. 
Potassium cyanide is the chief product formed, together with a small quantity 


i English Patent No. 3,092, 1892. 2 Journal of the Society of Chemical Industry, 1896, 
3 United States Patent No, 671,479. 
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of sulphocyanide, which can be neglected. The retorts are so arranged that 
the gas may be passed from one to the other, and the mixture is chosen to avoid 
caking at the temperature employed, i.e., 700 to 800°C. When the reaction is 
completed the mass is withdrawn and lixiviated, by which means the potassium 
cyanide is obtained, or by the addition of a suitable iron salt ferrocyanide may 
be prepared. The process seems to promise well, and its success will probably 
depend upon how much of the ammonia can be converted to cyanide. One draw- 
back to the use of ammonia is found in the action which always takes place 
between that gas and metals at high temperatures. It has recently been shown‘ 
that there is no metal which will withstand its action, and consequently the de- 
terioration of apparatus is likely to be a large item. 

Castner® took out a patent in 1894 for the manufacture of cyanide by the use 
of metallic sodium upon hot carbon together with nitrogen, but ammonia was 
soon substituted for the nitrogen. Vertical iron retorts are used, melted sodium 
being passed downward over the heated carbon, while anhydrous ammonia is 
admitted below. The temperature is low (300 to 400°C.) and the reaction taking 
place is in two stages, as follows: NH,-+-Na=NaNH,+. Then sodium amide 
reacts with the carbon producing: NaNH,+C=NaC0N-++H,,. 

Cyanide from Sulphocyanides.—Sulphocyanides may be prepared according to 
the process of Gelis, which has been modified by Tscherniak and Gunzburg® which 
consists in heating carbon-disulphide and ammonia under pressure. The tem- 
perature is 125°C., and the mixture is agitated in an autoclave. The first reac- 
{ion to take place is the formation of ammonium-di-thiocarbamate :— 


CS,-+-2NH,=NH,S,CNH,, 


which changes to sulphocyanide as follows: NH,S,CNH,—NH,SCN,-+H,S. 
The hydrogen sulphide exerts an enormous pressure which requires the use of 
expensive apparatus and this was obviated by Hood and Salamon’ in 1891, who 
improved the process by using Weldon manganese residues to absorb the gas, but 
a still greater advantage was found in the use of slaked lime, for which Hurter® 
and others took out a patent in 1893. The reaction may be expressed as follows: 


2CS,-+-2NH,-+-Mn0,+Ca0=Ca(SCN),+-MnS-+S8+3H,0. 


Conroy obtained a quantitative production working on these lines. 

Conversion of Sulphocyanide to Potassium Cyanide.—Playfair® investigated 
this question, making numerous experiments with different metals having an 
affinity for sulphur, and came to the conclusion that zine was the most efficient. 
The sulphocyanide is added to the fused zinc and the two thoroughly incor- 
porated, by which means the sulphur is removed as zine sulphide which may 
be converted to metallic zine again or oxidized to sulphate. These results have 
since been confirmed by Conroy.?? Another method for the removal of the sulphur 


Pe iti ie co eae, eRe Pe eae CaO apt 
4“The Action of Ammonium upon Metals at High Temperatures,” G. T. Beilby and G. G. Henderson, 
Journal of the London Chemical Society, November, 1901, 1245. 
5 English Patents Nos. 12,218 and 21,732 of 1894, 
6 Dingler’s Polytechnic Journal, 245, 214. 
7 English Patent No. 5,354 of 1891. 
8 English Patent No. 21,451 of 1893. 
9 Journal of the Society of Chemical Industry, 1892, 4. 
10 Journal of the Society of Chemical Industry, 1898, 98. 


POTASSIUM SALTS. 59093 


is that of Raschen,"! which depends upon the oxidation of the sulphur. The 
process is said to be in use in England at the present time. Stated briefly, nitric 
acid acts upon sodium sulphocyanide oxidizing the sulphur to sulphate, being 
itself reduced to nitrogen monoxide which is subsequently oxidized again to nitric 
acid by atmospheric oxygen. The reactions taking place are in two separate 
stages :-— 


NaSCN-+2HNO,—HCN-+NaHS0,+2NO and 2NO+30+H,0=2HNO,. 


Fawsitt proposed oxidizing the sulphur in solution by means of some suitable 
oxidizing agent such as permanganate. 

Production of Cyanide from Gas Works.—It has long been known that in the 
distillation of coal that some of the nitrogen present is converted to cyanogen 
compounds. In 1845 Bunsen and Playfair investigated the formation of cyanide 
in the blast furnace, and proposed a method for its manufacture. There is no 
doubt that considerable cyanide is formed in both the blast furnace and in coking, 
but up to the present time no economical method has been devised for its extrac- 
tion. 

In the destructive distillation of coal for illuminating gas, however, much work 
has been done dealing with cyanide manufacture. Just how cyanide is found in 
coal gas is not quite clear, but the following points are now understood and have 
been pointed out by H. Poole:? (1) Cyanogen is known to be in the crude gas 
as hydrocyanic acid, ammonium cyanide, and sulphocyanide, but not as ferro- 
cyanide. (2) Prussian blue is found in the purifier under ordinary circumstances 
only in small quantities. (3) Sulphocyanides may form in the purifier when 
no sulphocyanide is present in the gas, and ammonia favors their formation. 

Both ammonium sulphocyanide and potassium ferrocyanide are now prepared 
in considerable quantities from the spent iron oxide in the purification of 
illuminating gas. The spent oxide is first treated with water at 60°C., until the 
liquor has a density of 1:07. The solution is then concentrated to 1°2 sp. gr., 
and allowed to crystallize. In this way crude ammonium sulphocyanide is ob- 
tained which is purified by recrystallization, and may be converted to cyanide 
by the methods already pointed out. 

J. Bueb!* took out a patent in 1898 for improvements in the extraction of 
cyanides from coal gas, and at present the process appears to be a promising 
one. It not only aims at the extraction of the cyanide but also lends itself to the 
purification of the gas, for hydrocyanic acid and cyanogen compounds generally 
are known to corrode the meters or other gas apparatus. 

The crude gas is passed into a special washer after it has traversed an 
atmospheric condenser and tar extractor, in which is run a solution of ferrous 
sulphate of 17 to 19°B., arranged to traverse the washer in an opposite direction 
to that of the gas. The reactions taking place are the following :— 


FeS0,+-H,8-+-2NH,=FeS-+ (NH,),90,. 
2FeS-+G6NH,CN=(NH,),Fe(ON),+2(NH,).8. 


11 English Patent No. 21,678 of 1895. 
12 Journal of Gas and Lighting, 70 [1804], 1234-1236. 
19 English Patent No. 9,075 of 1808. 
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The product, which is in the form of a thin mud, is then pumped out and con- 
tains 6 to 8% ammonia and an equivalent of 20% ferrocyanide of potassium. 
This is distilled for the ammonia and the residue worked up for Prussian blue 
and yellow prussiate. The quantity of cyanogen obtained of course varies with 
the variety of coal employed, but according to Bueb, %-4 oz. are obtained from 
1,000 ft. of gas furnished from English coal and somewhat less with other 
European coals. 

Cyanuides from Atmospheric Nitrogen——The formation of cyanogen by com- 
bination of heated carbon and the nitrogen of the air is impracticable, not to 
say impossible, under ordinary conditions. It can, however, be accomplished by 
the addition of a suitable alkaline earth base, and this was suggested by 
J. Young,"* but his process calls for a comparatively low temperature; and what 
is actually required is the formation of a suitable alkaline earth carbide which 
requires a high temperature, and then the subsequent transformation of this 
carbide to cyanide by means of atmospheric nitrogen for which a lower tempera- 
ture is necessary. 

This idea has been successfully carried out by the Bradley-Jacobs patent.® 
The process consists in coking a mixture of barium carbonate and small coal in 
a retort, which results in a very porous material. This porous mixture is then 
subjected to a high temperature in a rotary electric furnace, resulting in the 
formation of a porous carbide of barium. The next step is the addition of 
nitrogen gas, derived from producer gas or directly from the atmosphere, at a 
lower temperature, by which means barium cyanide is formed. The barium 
cyanide is then easily converted to any particular cyanide desired, the process 
being carried out continuously. Experimentally, the method has succeeded, and 
it is shortly to be put in operation at Niagara Falls. 

Processes of a similar nature have been brought out abroad by Dr. A. Frank 
in 1895, and by Dzink in 1899, but the first is not a continuous process, and. 
the second does not take advantage of the lower temperature necessary for the 
formation of cyanide from the carbide. The reactions taking place in the 
Bradley-Jacobs process are the following :— 


2BaCO,+7C0=2BaC,+3CO, and BaC,+ N.=Ba(ON),. 


14 English Patent No. 24,856 of 1893. 
15 United States Patents, Nos, 657,937 and 658,698, September, 1900, 


QUICKSILVER. 


THE. production of quicksilver in the United States during 1901 amounted to 
29,727 flasks, against 27,855 flasks in 1900, due to the development of the Rhodin 
and other electrolytic processes for the manufacture of soda and chlorine which 
have consumed an increased amount. 


PRODUCTION AND EXPORTS OF QUICKSILVER IN THE UNITED STATES. 


Production. Exports. Production. Exports. 
Year. . Year. 
, pee MO tes (tees Met 2 Meee | Mets 
Flasks. To ons.| Value. Flasks. |po,¢_| Value. Flasks.|Tons.| V@lue. | Flasks. Tons.| V2lue. 
1896..| 29,863 | 1,086 | $1,104,997] 19,944 | 692 |$618,437/|1899.... 28,879 | 993 | $1,155,160] 16,518 | 573 |:$609,586 
1897..| 26,079 965 910,418} 13,173 | 475 | 394,549]/1900....) 27,855 967 | 1 288, 851} 10,172 | 353 | 425,812 


1898..| 80,493 | 1,058} 1,109,945) 12,830 | 445 | 440,587//1901.... A29.727 1,031] 1,382,805) 11,219 | 389 75,609 


(a) The total production i is divided as follows: California, 26, 720 flasks; Texas, 2, 932 flasks; Oregon, 75 flasks. 


The imports of quicksilver during the past five years were as follows: 1896, $2,037; 1897, 45,539 Ib. 
($20,147); 1898, 81 Ib. ($51); 1899, 131 lb. ($88); 1900, 2.616 Ib. ($1,051); 1901, 1,441 Ib. ($789). 


Califorma.—(By B. M. Newcomb.)—Notwithstanding the increased output 
of more than 2,000 flasks of quicksilver during 1901, the stock in sight unsold, 
including New York, January 1, 1902, was but 2,230 flasks. In California 
two new mines have been added to the list of producers during 1901: the Karl 
mine, which produced 600 flasks during the last three months of the year, and 
the Libertad, both in San Luis Obispo County. The largest producers were the 
New Idria, of San Benito County; Napa Consolidated, of Napa County; and 
New Almaden, of Santa Clara County, the production of these being about equal. 
Several of the older producing mines fell off materially in production, which 
shortage was offset by several small prospects outfitted with retorts. 

The cost of producing quicksilver from the average California mine fully 
equipped with modern plant and well developed, will exceed $35 per flask. Add 
to this cost interest on plant and cost of development work, and the outlook 
for opening new property is not encouraging. Many mines of the coast are 
producing at a cost of over $40 per flask. This heavy cost is largely by reason 
of a large decrease in the grade of ore encountered in the older properties and by 
small veins in the newer properties opened up, many of these latter being mines 
that were idle during the low prices of quicksilver. Modern quicksilver furnaces 
have reduced the cost of reduction as low as 50c. per ton in one or two plants, 
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but the average price of reduction of the plants of larger equipment is 65c. to 
70c. per ton. 

The lowest cost of mining the ore that is reported is an average of $1°82 per 
ton. One important producer reports $2°50 per ton, another $3°50, and others 
estimate their cost as high as $8°50 to $10 per ton. The cost per lineal foot 
of development work varies largely also, and is reported from $2°50 per ft. for 
the lowest to $10°50 among the highest for tunnel work. In shaft work and 
drifting from same, the expense will run higher. The average yield reported 
comes under 0°6% Hg, the lowest 0°3% Hg, while two important producers and 
dividend payers report 0°56% Hg. Under very favorable circumstances with a 
large body of ore a profit can be made on 0-25% Hg at the present price of quick- 
silver. This grade, however, requires exceptionally good management combined 
with favorable facilities. The outlook for an increased production of quicksilver 
is unfavorable. Many of the older producers are falling off in their output and 
m9 new mines of importance are being discovered, newspaper reports notwith- 
standing. One other of the Texas mines has been equipped with a good furnace 
and may increase the output for a time, provided the California mines keep up 
their present rate of production ; however, the indication is that the Coast pro- 
duction will fall off as much as Texas will increase. 

The total production of quicksilver in California in 1901 amounted to 26,720 
flasks, against 25,922 flasks in 1900. The price of quicksilver during 1901 
in San Francisco ranged from $46@$48 per flask for domestic and $44@$45 
for export. London prices fluctuated somewhat during the year, from £9 2s. 6d. 
to £8 17s. 6d., the average price per flask being lower than in 1900. The Napa 
Consolidated Quicksilver Mining Co, produced 4,800 flasks, against 4,550 in 1900. 
The ore mined and treated was 33,930 tons, from which the average yield was 
054% Hg. The cost of mining, development work and general expense was 
$3-94, and the cost of reduction was $0°66 per ton of ore. The amount of 
tunnels, drifts, and winzes excavated during the year was 9,488 ft. at a cost of 
$2:43 per ft. The Adtna Consolidated Quicksilver Mining Co. neither mined 
nor treated any ore during the year, the work being confined to opening old and 
new bodies of ore in the course of which 4,384 ft. of old tunnels and 83 ft. off 
old winzes were opened at a cost of $1°05 per ft., besides which 1,995 ft. of new 
tunnels and drifts were excavated at an average cost per foot of $4°97, to develop 
a new ore body discovered from shallow surface working. The company recovered 
from cleaning the otd condensers 228 flasks of quicksilver, which realized $10,290, 
The deficit for the year $18,418, reduced the balance brought forward from the 
previous year amounting to $79,129 to $60,711. The New Idria Quicksilver 
Mining Co. mined and treated 31,866 tons of ore for a recovery of 4,800 flasks 
or an average yield of 0°576% Hg. A new furnace was erected and put into 
operation during the year. The cost of reduction of the ore was $064 per ton. 
The cost of mining per ton, including development work, was $1°82, and 1,422 ft. 

f tunnels, raises and drifts were excavated at a cost per ft. of $4. The sales 
of quicksilver realized $211,484; increase of supplies, $104; interest, $416; 
total, $212,004. The total expenses were $155,649, leaving a net balance of 
$56,355. Dividends of $60,000 were paid, leaving a deficit of $3,645, which being 
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deducted from the reserve of the previous year amounting to $44,574, left a sur- 
plus of $40,929 carried forward. The Boston Quicksilver Mining Co. mined and 
treated 19,045 tons of ore for a yield of 1,545 flasks of quicksilver, which was 
obtained at a cost for mining, including development work, of $2°58 per ton, 
while the cost of reduction amounted to $0°61 per ton. The amount of tunnels, 
drifts and winzes excavated was 2,507 ft. at an average cost of $2°50 per ft. 
A new furnace was completed and put into service during the year and the old 
furnace closed down for repairs. 


QUICKSILVER PRICES PER FLASK AT SAN FRANCISCO IN 1900 AND 1901. 


Domestic. Domestic. 
Month. 1900. 1901. Month. 1900. 1901. 
Highest. | Lowest. | Highest. | Lowest. Highest. | Lowest. | Highest. | Lowest. 
January...... $52°00 $51 -00 $47°50 $4700 MUL Wis @ sxasele se $51°00 $49°50 $4800 $48°00 
February.... 51°50 51°50 47°00 47°00 August...... 50:00 48°00 48-00 46°50 
MATCHES sr so 51°50 51°50 47°00 46°50 September.. 49°00 48°50 47°50 47°50 
G0) y Reser 52°00 51°50 46°50 46°00 October... 48°50 47°50 47°56 47°50 
ILA ccuslsiepiees 51°50 51°50 7°00 46°50 November .. 48°50 48°00 47°50 46°50 
UNE. ceceaetas 51°00 49°50 48°00 47°00 December... 48°00 48°00 47°50 47°50 


The price of quicksilver for export during 1900 varied from $47°50 per flask in January to $45 per flask in 
December. During 1901 it was practically constant at from $44 and $45. 


Oregon.—The production of the Blackbutte quicksilver mine in Lane County 
amounted to 75 flasks during 1901, the small production being due to the 
necessity of blocking out greater ore reserves, the furnace being closed the greater 
part of the year for that purpose. ; 

Texas.—The total production of quicksilver during 1901 was 2,932 flasks, 
against 750 flasks in 1900. The only producers in 1901 were the Marfa & Mari- 
posa Mining Co., and the average price received was $45°17 f. 0..b. Marfa. ; The 
Lindheim & Dewees furnace was not started until early in 1902, and neither 
McKinney & Parker nor John Gaughran made any production during 1901, 
although both produced in 1899 and 1900. 


QUICKSILVER PRODUCTION OF THE WORLD. (a) (IN METRIC TONS.) 


Year. | Austria. | Canada. | Hungary] Italy. Japan. | Mexico. | Russia. Spain. ee Total. 
1896..... 564 2°0 Tek 186 1:8 218 491 1,524 1,036 4,021 
ASO sis2 532° 0°3 0-7? 192 Q°7 294 616 1,728 965 4,327 
1898..... 491 Nil. 6°8 173 1°4 353 362 1,691 1,058 4,128 
1899..... 536 Nil. 27°0 205 Nil. 324 360 1,357 993 3,775 
1900..... 510 Nil. 31°8 260 C27 b 3385 - 304 1,095 983 3,487 
1901s... 3 512 Nil. c 40°0 278 c2°8 b 335 368 846 1,031 8,413 


Austria—Samples of cinnabar ore from the Spizza and Nehaj mines in 
Dalmatia yielded by assay as follows: Samples Nos. 1, 2 and 3 from Spizza, 
1:448%, 456%, and 1:49% Hg, respectively. Sample No. 4 from Nehaj yielded 
2:599% Hg and 944% BaSO,. The total production of quicksilver in Austria 
for 1901 amounted to 512 metric tons, while Hungary produced about 40 metric 


tons. 
China.—The quicksilver mines in Kwei Chou Province were worked by an 
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English company. during the latter part of 1901, which produced up to June, 
1902, about 500 flasks of quicksilver, which was sold in Hong Kong. A large 
amount of machinery is being transported to the mines, and more extensive work 
is expected in the near future. 


LONDON QUICKSILVER STATISTICS. (@) 


1894. 1895. 5 1898. 1899. 1900. 1901 - 


Flasks. | Flasks. sks. Flasks. | Flasks. | Flasks. | Flasks. 


; 3 (b) (0) (b) (6) b) (0) 
Shipments from Spain to 
London 42,414 40,409 46,367 45,729 10,963 c 45,062 


Shipments from Italy to 
London 8,700 : : 5,650 6,206 6,045 c 5,257 


51,114 5,18: ( 52,017 | 55,985 | 17,008 50,319 


Shipments from London....| 41,046 31,026 31,903 24,958 c 26,830 
Maximum price of Spanish.| £6 15s. |£7 7s. 6d.} ; : £7 15s. | £9 12s. 6d/£9 12s. 6d/£9 2s. 6d 


y 


Minimum price of Spanish.. 5 10s. 5 7s. 6d.) . 6 2s. 7 Os. 715s. |£9 2s. 6d! 8 17s. 6d 


(a) From W. Sargant & Co.’s Annual Metal Circular. (b) American, Russian and Italian flask, 76°5 Ib. 
(84°7 kg.); Mexican flask, 75 lb. (84°03 kg.); Spanish flask, 76 lb. (84°5kg.). (c) For the year ending Nov. 30, 1901. 
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THE CERMAK-SPIREK SHAFT FURNACE FOR QUICKSILVER ORES, 


THE Cermak-Spirek furnace (see illustrations, pp. 560 and 561) was built in 
1896 as a double-shaft furnace for a daily capacity of from 12 to 15 tons of ore. 
The shafts rest upon 6 columns (covered with sheet iron to prevent seepage of 
quicksilver) and measure 1°2 m.X1°2 m.X5'1 m. in height. The contents of the 
shafts are supported on movable round plates which when moved aside permit the 
escape of the spent ore. The ore, broken to sizes ranging from 35 mm. to 
200 mm., is charged with 2% charcoal in quantities of 500 kg. every two hours. 
‘The vaporized quicksilver and the combustion gases are conducted through two 
pipes to Cermak-Spirek condensers. 

Of great importance is the Cermak charging apparatus, which is intended to 
prevent the escape of gas during charging. The charger is operated by a lever 
by an operator protected from the noxious gases. It consists of a spitzkasten 
with an opening, the charging funnel with water-sealed cover and the carriage 
(schlitter). At the moment of charging, a passage is made between the 
spitzkasten and charging funnel by opening the cover, bringing forward the 
carriage and opening of the spitzkasten, these operations being performed by 
movements of the lever as shown in the drawings. The draft is produced by 
means of a ventilator One operator is necessary, who can attend to the charg- 
ing and removal, and the costs with this furnace are so small that, 0:01% 
ore can be treated profitably. The furnace, with condensers, costs 8,000 fr., 
and at Monte Amiata these furnaces are employed exclusively. In regard to the 
condensers and further treatment of the stuppe, see THr MINERAL Inpustry, 
Vol.-Vi., p. 578and Vol VITI., p. 490. 


WORKING RESULTS OF THE CERMAK-SPIREK FURNACES AT SIELE, ITALY. 


: Total |Quicksil- TClecilmemiinas 
: T ore FT Hg. | Stuppe | Hg Quick- | ver Re- ene oe Hoss 
Length of Campaign. "Ke | * |Treated.| x | silver. | covered.| y 
2 Kg. Kg. g- fe 

Furnace No. 1.—12 Tons Capacity. 
From May 25, 1891, to April 21, 1892...| 1,841,144 | 5°80 ]..........)...... 106,871°6 | 87,843°3 19,028°3 | 17°81 
From May 10, 1892, to April 22, 1893...) 1,865,479 | 5°45 12,229 25°24) 104,788°1 | 101,484°6 8,350°5 | 8°29 
From May 4, 1893, to May 27, 1894..... 2,248,627 | 5°43 11,436 | 25°4] 102,541°3 | 99,6236 2,918°2| 2°85 
From June 16, 1894, to April 20, 1895...) 1,837,107 | 2°60 28,271 22°41! 58,7713) 50,288°7 8,482°6 | 6°48 
From Noy. 1, 1895, to Sept. 21, 1896....| 1,755,864 | 2°31 39,110 1°99) 41,840°7 | 388,877°3 2,463°4 | 5°96 
From Jan. 21, 1897, to Oct. 31, 1897....| 1,732,055 POOP ats ictaaceventl ues e ae 28,8020} 27,598°2 1,208°8| 4:20 
Motal oats. ree 11,275,276 | 3-76 | 91,046 | 14-45] 438,115°5 | 405,668°7 | 31,414-8| 7-18 

: Furnace No. 2.—Two Tons Capacity. 

From May 10, 1892, to April 22, 1893.... 491,137 | 6°98 7,875 37°69} 37,269°5 | 35.1600 2,109! 5°65 
From May 4, 1893, to May 27, 1894. ... 704,884 | 5°42 15,643 83°39] 43,441°9| 41,160°3 2,281°6 | 5°52 
From June 14, 1894, to Oct. 8, 1895..... 866,470 | 2°80 50,476 25°41] 37,097°2 | 384,656 0 2,441°2| 6°59 
From Oct. 18, 1895, to Sept. 27, 1896.... 616,845 | 4°29 12,559 | 30°06) 30,0726] 27,891°8 2,180°8 | 7°26 
From Oct. 22, 1896, to Aug. 20, 1897.... BB O09! a eee |o oe view c eredlowettouee 11,953°2 | 11,4084 5448 | 4°56 
From Sept. 25, 1897, to May 31, 1899...|. 1,148.970 | 2°54 |..........J...06. 29,258'°0 | 28,295'8 962°6 | 3°80 
From July 18, 1899, to Nov. 14, 1901....| 1,568,940 | 2°98 73,062 28°86} 67,997°5 | 65.929°6 2,067°9 | 3:06 
Mota ess 0 ata eats viet o hein pioccaeis +| 5,949,310 | 3°55 | 159,615 28°74) 257,089°9 | 244,501°5 | 12,588°4| 4:90 

- Furnace No. 3.—20 Tons Capacity. 
From March 18, 1895, to Sept. 22, 1896.| 6,874.390 | 2°26 |..........[...... 144,525°3 | 126,190°1 18,385°2 | 12°69 
Brant Nov. 12, 1896, to iupe 30, 1899...] 12,509,720 PBB Reaves. berkerinecis 195,617 °6 191,098°8 4,518°8 | 2°32 
From Nov. 1, 1899, to Oct. 81, 1901..... 1} 05 W598) 23 ON Ka Bets sta ne i aS 168,907'0 | 165,428°2 3,478'8 | 2°06 
POvQlee re pe sie aces siaa ate arora cee ae BAGO BO is Lei aicimcte sis eral a oneiatese 509,049°9 | 482,717'1 | 26,382°8| 5:18 
Total of three furnaces............ 46,723,816 | 2°45 | 250,661 | 23°55/1,204,255°3)1,133,919 3) '70,3886°0| 5°85 
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RARE ELEMENTS. 


By VICTOR LENHER. 


Aw element hitherto unknown except in combination has been prepared by 
Moissan by applying the electric furnace to the reduction of niobite. The new 
elementary metal is niobium and in many respects it resembles boron and silicon. 
Several rare earths whose elementary character has been repeatedly doubted have 
recently given undoubted proofs of complexity. According to Baskerville, 
thoria, one of the main constituents of the incandescent gas mantle, appears to 
break under certain fractionations into old thoria and a new body which is pro- 
visionally called “Carolinium.” 

The radioactive substances which possess the peculiar property of emitting 
light have been studied with the view of ascertaining the cause of their strange 
behavior. Thus far but little knowledge has been obtained of the reasons why 
they exhibit their characteristic properties, except that it be an inherent property 
of certain new elements whose properties are very little known at present. These 
elements—if they can be called such—seemed to be found in nature with other 
rare elements, as uranium and thorium, which also show unusual properties. 
The fluorescence of certain uranium compounds and the behavior of thoria in the 
incandescent mantle are so well known that they need no further comment, yet 
it is with these two elements that substances possessing radioactivity are found. 

The use of liquid air as a cooling agent has enabled Pictet to obtain liquid 
oxygen from the atmosphere, thus rendering cheap oxygen a possibility. He 
shows 90% oxygen can be produced at .0:013 fr. per cu. m., or less than the selling 
price of ordinary illuminating gas. The production of oxygen at such a figure 
means a complete revolution in industrial processes; it would mean the use of 
the oxyhydrogen blowpipe as a commercial agent both for the economical produc- 
tion of a high temperature and for the cheap production of light with an incan- 
descent lime or zircona medium. These results, coming as they do from Pictet, 
are of great weight. 

As a result of the inquiries and investigation of the International Commission 
on Atomic Weights, it seems likely that O—16 will be universally accepted as the 
standard, at least for some time. Much expression has been given as to whether 
the standard should be O=16 and H=1'08 or H=1 and O=15°88. In all prob- 
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ability the two standard tables of atomic weights based on the respective values of 
O=16 and H=1 will be continued in use. 

Argon, Neon and Helium.—lIn the evaporation of a large amount of liquid air 
a residue is obtained which consists of krypton, xenon, and argon. Argon is the 
most volatile and the gases are separated by Ramsay and Travers’ by alternate 
evaporation and liquefaction. To obtain neon and helium the escaping gas from 
ar air liquefier is used. The gas which is mainly nitrogen is hquefied and air 
blown through it, the first portion to evaporate contains most of the neon and 
helium together with oxygen, nitrogen and argon. The oxygen and nitrogen are 
separated in the usual way.and the neon and helium fractionally separated from 
the argon. Neon is obtained free from helium by several fractionations at the 
temperature of boiling hydrogen. The densities given are argon=19°96, 
krypton=40°88, xenon=64. Argon boils at —186°C., krypton at —151°7°C., 
xenon at —109°C. ‘The spectra have been studied by Baly; that of neon is 
orange pink, krypton is pale violet and xenon is sky blue. These gases find no 
place in our present periodic table of the elements, but appear to form a series 
by themselves. 

In studying the occurrence of nitrogen and helium in uranium and thorium 
minerals, Kohlschiitter observed certain experimental data showing that helium 
is combined in these minerals. When samarskite is heated in carbon dioxide, 
helium is completely driven off. It has been impossible, however, to synthesize 
a helium compound. Dewar in his work at low temperatures, considers helium 
to have a critical temperature below 9° absolute scale and even when it finally 
liquefies, its evaporation will not give the absolute zero. To get 1° lower in 
temperature another gas would have to be found as much more volatile than 
helium as the latter is than hydrogen. 

Barwum.—By the electrolysis of a solution of barium chloride using a mercury 
cathode, Guntz? prepares barium amalgam which, when heated to 1,000°, gives 
metallic barium free from mercury. The metal is white as silver, soft as lead 
and melts at dull redness, while at bright redness it readily volatilizes. It oxi- 
dizes rapidly in the air, giving the white oxide, and like lithium and ecaleium 
it gives with liquid ammonia an ammonium compound which, however, is not 
very stable. Metallic barium easily decomposes water and alcohol. 

Boron.—A number of new metallic borides have been obtained by Tucker and 
Moody,* who fused in the electric furnace an intimate mixture of boron with 
various elements. Borides of tungsten, chromium, zirconium and molybdenum 
were obtained, all being hard crystalline bodies of high specific gravity, high 
melting point and attacked by acids with difficulty. Orlow has examined a speci- 
men of commercial boron from Merck and found smal Itransparent grains of 
boron trioxide, a little iron and about 9% of water. The latter was only expelled 
above 1,100°C. In 1895 Moisson observed that amorphous boron prepared by 
the commercial way, contained only 50% B, the remainder being hydride, 
nitride, boric acid and the sodium and iron borides. The element is conveniently 
prepared in the amorphous condition by heating borax with magnesium powder, 
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while the crystalline variety is obtained by dissolving this amorphous powder 
in a fused metal as aluminum, and obtaining it as crystals on cooling. Perboric 
acid is prepared by the electrolysis of an orthoborate. A solution appears at the 
anode which bleaches potassium permanganate and liberates iodine from potas- 
sium iodide. 

Cesiwm.—The mineral pollux, one of the chief sources of this metal, is decom- 
posed by Chabrie with 100 times its weight of pure hydrofluoric acid. He pre- 
pares the acid sulphite by saturating the alcoholic solution of the carbonate with 
sulphur dioxide. The sulphite appears as white crystals, the thiosulphate as 
colorless needles and the dithionate as hexagonal plates. The bromide, iodide, 
acid fluoride, chromate and bichromate also appear as well-defined salts. 

As a continuation of his work on cesium, Wells* purifies caesium salts by pre- 
cipitation of the double chloride with lead tetrachloride. He uses less concen- 
trated hydrochloric acid than Godeffroy. One-half to one-third of the total volume 
of hydrochloric acid answers very well as the solution can then be filtered through 
paper. To such a solution, antimony trichloride is added until no more precipi- 
tate forms. The precipitate is collected on a filter and washed with hydrochloric 
acid. ‘To the filtrate from the antimony salt without concentrating, lead nitrate 
is added at the rate of from 2 to 3 g. per liter. Chlorine is passed in to satura- 
tion and, after standing a few hours, the liquid is decanted from the precipitate 
of Cs,PbCl,, which is usually colored dark green from antimony salts. The 
precipitate is boiled with dilute ammonia and the ammonium salt decomposed by 
boiling with nitric acid when the nitrate is formed which may be fused. The 
nitrate may be readily recrystallized. The carbonate is obtained by treating the 
nitrate with oxalic acid and fusing in a platinum crucible. The purest cesium 
compounds are best obtained by crystallizing CsCl,I. This compound is pre- 
pared by treating the nitrate with 10 parts hydrochloric acid (1 to 10) and the 
requisite amount of iodine, and dissolving just below boiling, from which latter 
the yellow salt crystallizes on cooling. One or two recrystallizations give a very 
pure product. This trihalide gives pure cesium chloride by heating just below 
fusion. When ecxsium nitrate is evaporated with strong nitric acid the last of 
the acid is expelled with difficulty, due to the formation of an acid nitrate. 
Cesium forms two acid nitrates with one and two molecules of nitric acid 
respectively. It also forms a double nitrate with ferric nitrate and one with bis- 
muth nitrate. Five double fluorides of cesium and antimony, containing differ- 
ent proportions of the two simple salts, appear. These are of white color, 
soluble in water and are formed by dissolving cesium carbonate and antimonious 
oxide in hydrofluoric acid and crystallizing the solution. Cesium periodate, 
prepared by the action of periodic acid on cesium carbonate, appears in white 
‘plates which are but sparingly soluble in cold water. 

Cerium.—Sterba® prepares pure ceria by subjecting cerous nitrate, made from 
monazite by the method of Debray, to the oxidizing action of the electric current, 
which yields a perfectly pure cerium compound. The ceric oxide was colored 
from yellow to rose, due to the presence of nitride. When nitride is absent the 
oxide is pure white. Ceric oxide, heated in hydrogen, is incompletely reduced, 
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Ce,0, being formed. Zinc also reduces it. When fused with common salt, 
borax, or potassium sulphate, it appears in colorless, transparent cubes or com- 
binations of cubes and octahedrons. : 

According to Bloxam,® the mass and weight of an incandescent mantle may 
be reduced from 0°60 g. to 0°35 g. and the ceria very much increased. These very 
desirable results are obtained by the addition of a substance which has a tendency 
to sinter, such as silica or an organic compound. The example given is: 45 g. 
thorium nitrate, 0°95 g. cerium nitrate, 20 g. ammonium nitrate, dissolved in 
274 g. water and 11:2 g. of a dialyzed solution containing 2% SiO,. A fabric 
made of No. 100 cotton containing 120 meshes in every turn of the knitting and 
five turns per cm. is impregnated with this solution and burned as usual. 

Bleichrode’ has patented a mixture for automatically lighting gas by soaking ~ 
vegetable tissue in a concentrated solution containing 1 part thorium nitrate, 
1 part platinum.chloride and 0-1 part of cerium nitrate. The tissue is burned 
off, the ash molded into pellets and heated to redness. 

Fluorime.—The monograph of Moissan on fluorine has recently appeared and 
shows that the isolation of fluorine was the result of years of patient painstaking 
work. Full details of the physical and chemical properties of the element have 
been worked out. When fluorine is free from hydrofluoric acid, the gas has so 
little action on glass that many chemical reactions can be readily observed. 
Moissan and Lebeau* have obtained the new gas, sulphuryl fluoride, by passing 
fluorine into sulphur dioxide in an apparatus so arranged that the two in coming 
into contact may immediately be combined by means of highly heated platinum. 
Unless such an arrangement is made, the union of the gases is delayed and then 
subsequently takes place with explosive violence. Sulphuryl fluoride boils at 
52°, melts at 120°, is colorless, odorless and not very active. The determina- 
tion of fluorine in a fluoride, decomposable by acid, as fluorspar, is effected by 
Burk® by treating 3 g. dry silica and 0:2 g. fluorspar with 40 ¢.c. concentrated 
sulphuric acid. The mixture is heated to from 120 to 135°, and the silicon 
fluoride conducted into potassium fluoride solution; potassium silicofluoride is 
completely insoluble in alcohol and is precipitated by adding an equal volume of 
alcohol. The precipitate is dried at 100°. 

Galliwm.—In their examination of atmospheric dust and soot from various 
. sources, Hartley and Ramage call attention to the wide distribution of this ele- 
ment in aluminous minerals, in flue-dust from various sources, in atmospheric 
dust, and in many iron ores. 

Hydrogen.—Vhe physical properties of liquid hydrogen have been more care- 
fully studied by Dewar, who finds by means of a helium thermometer that its 
boiling point is 20°5° on the absolute scale. The solid melts at 16°. Thus 
far the lowest temperature recorded is 14°5°. The latent heat of liquid hydro- 
gen at its boiling point is 200 units, while that of the solid is 16 units. The 
specific heat of hydrogen between its melting point and its boiling point is 6, 
which is the highest of any known substance, and shows that it obeys the law 
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of Dulong and Petit. Its surface tension at the boiling point is one-fifth that 
of water. 

Hydrogen peroxides higher than the ordinary dioxide have recently been 
claimed. The hydrogen from palladium hydride gives oxidation products which 
oxidize indigo more rapidly than the ordinary dioxide. The treatment of per- 
sulphuric acid with potassium permanganate and the action of hydrogen dioxide 
on potassium permanganate in the cold gives products which are very energetic 
oxidants. It is very doubtful whether these are true higher peroxides. 

Indium.—This element is characterized by an indigo blue line in the spectrum. 
It is best detected microchemically according to Kley as the double chloride with 
rubidium by adding a small fragment of rubidium chloride to a solution of indium 
hydrate in hydrochloric acid. Colorless rhombic octahedral crystals separate. 
The reaction is delicate to 0-00024 mg. indium. Czxsium chloride gives a more 
delicate reaction but the crystals are very small and indistinct. Ammonium salts 
should not be present in carrying out the test as ammonium indium chloride is 
soluble in hydrochloric acid. Indium may be separated from other metals as 
hydroxide. From the trivalent metals, the separation by ammonia is followed 
by treatment with ammonium carbonate in which indium dissolves and from 
which it can be precipitated by oxalic acid. When little indium is present, it is 
better to use the rubidium chloride separation. Renz quantitatively precipitates 
indium hydroxide by the addition of dimethylamine to the hot solution. This 
hydrate, like alumina and gold hydrate, is feebly acid and gives salts with metals 
like magnesium. Indium molybdate is a white voluminous precipitate obtained 
by the addition of ammonium molybdate to indium solutions; it can be used 
to separate indium from zinc. Indium forms alums with rubidium and cesium 
and by boiling indium-cesium alum in dilute solution, indium oxide is pre- 
cipitated in pure condition. The physical constants of indium show it to have 
a valence of four and to resemble iron and aluminum, although it resembles the 
zine group in that it forms an amalgam. 

Iridium.—The separation of the platinum metals, as described in Tue 
Minera Inpusrry, Vol. IX., p. 572, has been much simplified by Leidie, espe- 
cially for use in the commercial extraction of platinum and iridium. The ore 
is treated with hot aqua regia, evaporated to dryness, heated to 105 or 110°C. 
and dissolved in water. The solution is treated with sodium nitrite at 70°C. 
until neutral, sodium carbonate is added and chlorine passed through after 
filtering. The ruthenium and osmium pass off as volatile oxides. Instead of 
treating the solution with ammonium chloride which precipitates the platinum 
and palladium, the hydrochloric acid solution is made alkaline with soda and the 
two metals are precipitated by formaldehyde and may be separated in the usual 
way. The substitution of potassium chloride and the use of formaldehyde avoid 
the objectionable palladao- and platino-amines which are produced by ammonia, 
as well as the ignition necessary to drive away ammonium chloride, an opera- 
tion which is attended with a great deal of trouble when operating on a large 
scale. The iridium and rhodium are separated either by potassium or ammonium 
chloride and chlorine, the iridium being precipitated. 

Neodymium.—Matignon® has found that neodymium chloride deposits as 
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NdCl,, 6H,O in rose-colored deliquescent crystals from hydrochloric acid solu- 
tion at the ordinary temperature. The salt is very soluble in water. The con- 
centrated solution dissolves neodymium oxalate and the insoluble oxalates of 
the other rare earths, and on cooling crystals of the chloro-oxalates separate. 
The hydrated salt is decomposed on drying. The anhydrous salt is prepared by 
transforming the sulphate into sulphide in hydrogen sulphide gas, then trans- 
forming the sulphide to chloride by means of hydrochloric acid gas. The an- 
hydrous chloride is rose colored and fuses easily to a rose-colored deliquescent 
mass. ‘This compound dissolves in water with a hissing noise. The metal may be 
obtained by treating the anhydrous chloride with sodium. 

Niobium.—Moissan™ has prepared metallic niobium from powdered colum- 
bite mixed with sugar carbon by heating the mixture 7 or 8 minutes in the electric 
furnace with a current of 1,000 amperes at 50 volts. All of the manganese and 
most of the iron and silicon were volatilized leaving a gray crystalline mass of 
niobium and tantalum containing 2°18 to 2°34% C. This alloy was dissolved in 
nitric and hydrofluoric acids and niobium oxide separated by the Marignac 
method. Highty-two parts niobic acid were mixed with 18 parts sugar carbon, 
the mass mixed with turpentine and heated 3 to 4 minutes with a current of 600 
amperes at 60 volts. The fused metal which was obtained is so hard it 
scratches quartz. It cannot be fused in the oxyhydrogen blowpipe but readily 
liquefies in the electric furnace. It burns in fluorine at 205°C.; chlorine gives 
the yellow chloride. Bromine attacks it at a higher temperature, while iodine 
is without action at the red heat. At 400°C. the metal burns in oxygen and at 
a higher temperature in air. Alloys of niobium are obtained with difficulty ; 
sodium, potassium, and magnesium can be distilled over the fused metal without 
combining with it while only a small percentage of niobium combines with iron. 
While the metal does not decompose water, even at 600°C., at this temperature 
it burns in sulphur dioxide and nitric oxide. At a red heat phosphoric anhy- 
dride is reduced to phosphorus and carbon dioxide to carbon. Hydrofluoric acid 
attacks the metal but hydrochloric and nitric acids as well as aqua regia are 
without action. Boiling sulphuric acid is colored brown and at the same time 
mobic acid is precipitated. A mixture of nitric and hydrofluoric acids rapidly 
dissolves niobium. 

Alloys of niobium and tantalum have been prepared by Smith and 
Hamilton,** by reducing columbite with carbon in the electric furnace and 
fusing the resulting matte with metallic copper, which forms a product re- 
sembling metallic copper. An analysis showed: copper, 95:01%; niobium and 
tantalum oxides, 2°01% ; gangue, 2°57%. The matte resulting from the reduc- 
tion of 100 parts columbite and 15 parts carbon was fused with an excess of 
metallic iron. The powder was brittle and ‘steel gray in color and contained: 
Nb, 59°76% ; Ta, 18-77%; Fe, 15°73%; W, 5°12%; gangue, 5°76%. A matte 
of niobium and tantalum, a matte of titanium from rutile, and an excess of 
metallic iron fused in the electric furnace yielded an extremely hard gray colored 
alloy which contained: Fe, 80°02%; Nb, 10°15%; Ta, 291%; Ti, 318%; 
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©, 199%; Si, 2°14%. A current of from 145 to 165 amperes at 35 volts was 
used in this work. 

Levy" analyzes samarskite by fusing one gram of the mineral with six grams 
potassium acid sulphate. The cold mass is extracted with warm water leaving 
the silicon, niobium and tantalum as oxides. The filtrate is heated with hydro- 
chloric acid and precipitated by ammonia and the filtrate boiled to reprecipitate 
any uranium oxide or alumina. The filtrate from this is examined for calcium 
and magnesium in the usual manner. The ammonia precipitate is dissolved in 
hydrochloric acid, the alumina separated by sodium hydrate, the rare earths 
separated as oxalates and converted into oxides. The iron and uranium are sep- 
arated by means of ammonium sulphide and carbonate. The uranium is weighed 
as U,O, and UO,. The silicon, niobium and tantalum oxides are again fused 
with potassium bisulphate, the filtrate is treated as above and the residue treated 
with hydrofluoric acid, which removes the silica. The niobium and tantalum are 
separated by means of potassium fluoride and hydrofluoric acid. The silica is 
checked in the original mineral by determining it with hydrofluoric and sulphuric 
acids. The rare earths are separated by dissolving the ignited oxalates in hydro- 
chloric acid with the aid of a little potassium iodide, the solution evaporated to 
dryness, the residue dissolved in a small quantity of water, treated with saturated 
potassium sulphate and allowed to stand for two days. The yttria solution is 
precipitated by ammonia, ignited and weighed. The cerium group precipitate of 
double sulphates is dissolved in hydrochloric acid, precipitated by ammonia, 
ignited, and weighed. A sample of samarskite thus analyzed gave: Si0,, 2°86% ; 
Nb,022 3152 % = 14,0,,.16'63% + Fe,0;; 10°68%.; ALO, 307%; 0.04, 12:13%,; 
CaO, 334%; MgO, 0°1%; CeO,, 165% ; Yt,0,, 14°32%; insol. oxides, 0°79% ; 
ignition loss, 2°48%. Total, 99°57%. 

Nitrides.—Beilby and Henderson’* have submitted various metals to the ac- 
tion of ammonia at high temperatures. Iron in the compact state, heated in a 
current of ammonia, is more or less completely converted into the nitride Fe,N,, 
the essential conditions being the presence of a large excess of ammonia and a 
temperature of from 450 to 850°C. The nitride is a silver-white body readily 
soluble in dilute hydrochloric or sulphuric acids. Heated to redness in hydrogen 
it is completely decomposed into iron and hydrogen. Pure iron is rendered 
hard and brittle as steel by absorption of small quantities of nitrogen. Tubes 
of malleable iron exposed seven days to ammonia at 700°C. becomes brittle as 
porcelain, while charcoal iron becomes so hard that it can be used as a drill. 
In a similar manner, Co,N, is produced at 470 to 500°C. yielding a dull gray 
powder which in its properties resembles iron nitride. Ni;N is formed at 400 
to 600°C. It is black and resembles cobalt and iron nitrides. Copper is very 
sensitive to the action of ammonia at high temperatures, the nitride is easily 
. decomposed by heating in hydrogen and can only exist within a very narrow 
range of temperature. 

Osmium.—The use of osmium filaments in incandescent lamps has caused quite 
an active demand for this metal. Its price has been quoted during the year at 
$21 per oz., a slightly higher figure than gold. Welsbach has been able to 
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reduce osmium to a filament and substitute it for carbon in incandescent electric 
lights. It withstands a higher temperature, is more durable and gives a higher 
illuminating power. The osmium lamps can be operated at 25 and 50 volts and 
show an efficiency of 1 Watt per candle power. It gives a light of from 2 to 
200 candle power. Osmium is one of the older metals of the platinum group, 
it was discovered in 1803, and is found in nature associated with iridium and 
other of the platinum metals. The metal usually appears as a dark gray powder. 
One of the compounds which has been of commercial importance is the oxide 
which comes into trade as osmic acid. It is used as a black stain in optical 
apparatus. 

Palladium.—S. Cowper-Coles!*" describes a process of making non-tarnishable 
parbolic reflectors by the use of a silvered glass mold on which copper is electro- 
lytically deposited, the metal and mold being subsequently separated by immersion 
in lukewarm water, the different co-efficients of expansion serving to separate 
them easily. Palladium is then deposited uniformly from an electrolyte of the 
double chloride of palladium and ammonium dissolved in a concentrated solution 
of neutral sodium citrate. By rapid rotation of the metal mold the deposit of 
palladium is very uniform, the thickness of the deposit being from 70 to 80 grains 
of palladium per sq. ft. of surface. Palladium is practically non-corrodable, and 
resists to a remarkable degree the heat of the are light. 

The hardness of palladium compared with other metals, as represented by the 
number of centigrams weight on a diamond point required to produce a scratch, 
is as follows: Electrolytic nickel 10, Sheffield plate 10, electrolytic antimony 9, 
electrolytic platinum 9, electrolytic palladium 8,electrolytic chromium or copper 7, 
electrolytic cadmium 4°5, electrolytic silver (burnished) 4, silver deposited chem- 
ically 2. 

Radium.—The examination of the spectrum of radium and polonium shows a 
number of new lines which seem to belong to these bodies. Curie and Debierne 
show that while radioactivity is not produced by direct rays from a radium salt, 
it is communicated by the air from molecule to molecule from the radium salt 
to the body which is excited. It is possible to communicate radioactivity to dis- 
tilled water by distillation of a radium chloride solution which has been allowed 
to stand several days, or by placing a radium salt solution and distilled water 
in separate dishes in a perfectly closed space. The same result is obtained by 
placing a celluloid capsule containing a radium salt in distilled water. The 
energy may be transmitted by radiation and by a kind of conduction passing 
through gases and liquids but not ordinarily through solids. Becquerel shows 
that secondary radioactivity consists of a portion not deviable by a magnetic field 
and easily absorbed; a portion which is deviable by a magnet and identical with 
cathode rays; and a portion not deviated by a magnetic field and very pene- 
trating. It is worthy of note that radium rays cause skin wounds very similar 
to X-rays. 

Hofmann has carefully studied radioactive lead from the mineral broéggerite 
which is a uranium, thorium and lead uranate. An analysis of this mineral 
from Raade near Moss in Norway, shows UO,, 50%; UO,, 27'83%; ThO,, 
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4°96%; yttria earths, 456%; Fe,0,, 046%; Bi,O;, 0°35%; PbO, 9:06%. 
The radioactivity of lead sulphate from broggerite and other minerals may 
be increased by boiling it with a sodium carbonate solution converting the 
carbonate into chloride and crystallizing from water. The most soluble frac- 
tions are the most active. The active sulphate shows a blue fluorescence when 
exposed to cathode rays, and its spark spectrum shows a characteristic violet line. 
In many respects radioactive lead is chemically similar to ordinary lead. It may 
be precipitated as hydroxide, sulphide, sulphate, chloride, or iodide. The chlo- 
ride is more soluble than lead chloride, while two sulphates appear which show 
the metal to have a valence of two and four. The atomic weight of radioactive 
lead is probably about 260. 

Samarium.—In 1885 Crookes in his work on electric phosphorescence in 
vacuum observed a band in samaria which he called the “anomalous line” as it 
disappeared in presence of lime. Demarcay now gives the spectrum of a new 
oxide which shows no indications of the spectra of samarium, and only traces of 
gadolinium. The anomalous line of Crookes is the strongest line in this spec- 
trum. The new lines are considered to belong to a new element which has been 
named europium. As an element samarium is not at all sharply defined and it 
would not be at all surprising to have its character much more simplified. 
Samarium carbide has been prepared by Moissan in the electric furnace and like 
a number of the carbides of the more poorly defined elements, on treatment with 
water yields a mixture of solid, liquid and gaseous hydrocarbons, the hydrocarbons 
being of the acteylene, ethylene, and methane series. 

Selenium.—This element which forms a gaseous hydride has proved itself to 
be an interfering agent in carrying out the Marsh test for arsenic. The source 
of the arsenic in beer which caused the recent poisoning epidemic in England 
has been attributed to the impure sulphuric acid used in the manufacture of 
the brewing sugar. Berry’® has observed selenium in various acids and other 
materials and finds that like arsenic, it has the curious property of distributing 
itself over many manufactures into which it may be brought into contact. It 
is demonstrated that cotton wool moistened with lead acetate will remove selenium 
in the Marsh test and the arsenic may be subsequently deposited uncontaminated. 
Perreau has shown that Rontgen rays act similarly to light on selenium, and 
Bloch has observed that the emanations from radioactive barium carbonate act 
on selen cells similarly to feebly diffused light, lowering the resistance materially. 
By the electrolysis of potassium selenate containing a little free selenic acid, 
Dennis and Brown" obtained a white solid which contained as high as 74-44% 
perselenate. The substance is a powerful oxidant, oxidizing manganese dioxide 
to permanganate and losing oxygen when the solution is warmed. 

Silicon.—Ferrosilicon is now being produced on commercial scale at Meran in 
the Austrian Tyrol and in France by treatment of scrap iron, quartz and coke 
in the electric furnace. Five thousand one hundred and twenty K.W. hours are 
required for the production of a ton of 78% ferrosilicon. The selling price of 
the material is based on the silicon content; 21% sells at about $40 per ton. 
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Silicon improves the physical properties of steel where little carbon is present 
and it is of value in casting steel. Iron silicide as well as those of a number 
of the metals have received considerable attention at the hands of Moissan and 
Lebeau and the latter has shown that commercial ferrosilicon may contain the 
three silicides SiFe,, SiFe, and Si,Fe. The silicon copper manufactured by the 
Cowles Electric Smelting & Aluminium Co., at Lockport, N. Y., is marketed 
at 34c. per lb. in 500 Ib. lots. Silicon copper is successfully used as a deoxidizing 
agent in casting bronze, brass, and copper. It is broken into small pieces and 
added to the alloy or metal after the other ingredients are in the crucible. 

Cobalt silicide, CoSi, similar to FeSi, is prepared by Lebeau in the electric 
furnace by heating 400 g. copper silicide with 40 g. cobalt for 4 to 5 minutes with 
a current of 950 amperes at 50 volts. It appears in prismatic crystals which are 
so hard that they easily scratch glass. It has a specific gravity of 63 and is 
difficult to attack by the ordinary reagents. 

Tellurium.—Mathey™’ states that the presence of minute quantities of tel- 
lurium in bismuth renders the metal unsalable and it is necessary to remove every 
portion of the tellurium in refining crude bismuth. He worked up the alkaline 
residues obtained, and by means of hydrochloric acid and sodium sulphite ob- 
tained a specimen of crude metal weighing 25 kg. 

The alloys of tellurium with lead and antimony have been studied by Fay and 
Gillson.** In all the alloys prepared, lead telluride is a common constituent. 
Its amount gradually increases as tellurium is added to lead until the whole 
mass is lead telluride, and then gradually decreases until the whole mass is pure 
tellurium. ‘Tellurium forms a definite alloy with lead telluride but the latter 
does not form such a compound with lead. The antimony-tellurium alloys are 
in many respects similar to the lead alloys, the alloys being formed with tellurium 
and antimony telluride. 

Carnot divides the Kalgoorlie telluride ores into sylvanite, a bitelluride of 
gold and silver having a crystalline texture, calaverite, a bitelluride analogous 
to sylvanite but less crystalline and containing less silver, and coolgardite, or 
sesquitelluride of gold, silver and mercury, in which these metals are in variable 
quantities. 

The tellurides of Coolgardie, West Australia, occur in a schistose amphibolite, 
the upper parts of which carry free gold. The minerals are sylvanite, calaverite, 
petzite, and copper ore much like enargite in composition. In a number of the 
rich sulphide ores from the Hauraki gold fields in New Zealand, tellurium has 
been found, but it is always in the ores along with copper. Not sufficient has 
been found to indicate how it is combined. 

I have questioned the chemical composition of the telluride ores’? and have 
shown that all of the natural tellurides of gold precipitate metallic gold from 
solution when brought in contact with them. As a chemical compound cannot 
precipitate one of its constituents it is a question whether the tellurium and 
gold are chemically united in these minerals. In the mines in which the tel- 
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luride ores are worked, specimens of native gold are frequently found in the 
upper parts of the mine. The native gold is a pseudomorph after the tellurides 
and has doubtless been deposited by a gold-bearing solution coming in contact 
with the tellurides. Another striking point is that metallic tellurium quanti- 
tatively precipitates gold from solution and specimens of native tellurium fre- 
quently carry a small per cent. of gold. 

The quantitative precipitation of tellurium is effected by Gutbier by means of 
hydrazine in neutral solution. The method is applicable to both tellurites and 
tellurates. 

A series of determinations of the atomic weight of tellurium have appeared 
but all show that its atomic weight is higher than that of iodine and that tel- 
lurium still remains an exception to the periodic law. 

Mylius”® has shown that ordinary telluric acid, H,Te0,2H,0, when heated 
to 140°C. is converted into allotelluric acid (H,TeO,)n!.. This variety has five 
times the conductivity of the ordinary acid and forms white precipitates with 
solutions of guanidine carbonate and albumen. In solution it slowly reverts 
to the ordinary acid. The physiological action of tellurium compounds have 
been carefully studied by Gies.2* In many respects the action of tellurium in 
the body is like that of selenium, arsenic, and antimony. When tellurous oxide 
is inhaled it causes metallic taste, nausea, depression, and constipation, methyl 
telluride is excreted with the breath and skin, while methyl telluride itself when 
inhaled acts very similarly. Potassium tellurate has been used to reduce night 
sweats in consumptives, but on account of the obnoxious odor imparted to the 
breath the tellurates have not come into general use. 

Thalliwm.—In the examination of atmospheric dust from various sources 
Hartly and Ramage have detected the presence of thallium. Pumice from 
Krakatoa contains this element, while lead chloride from Vesuvius also contains 
it. The detection of thallium is effected by Reichard by the use of a saturated 
solution of an alkaline picrate, a light yellow precipitate is formed. The test 
is delicate to about 0°5 per cent. 

Thorium.—Baskerville,2? in a paper on the complexity of thorium, announces 
a new element for which the name carolinium is proposed. Thorium hydrate was 
dissolved in hydrochloric acid and the solution exactly neutralized with ammonia. 
This solution was saturated with sulphur dioxide, yielding in a few minutes a 
basic sulphite, which was filtered off and ignited to oxide. The filtrate was pre- 
cipitated by ammonia and ignited. The specific gravity of the oxide obtained 
in these fractions differ considerably. The sulphur dioxide precipitate had a 
density of 9°38, the soluble portion precipitated by ammonia had a density of 
10°367 while the original oxide had a density of 10°1. By boiling the citrate 
solution, a precipitate is formed which when ignited has a specific gravity of 
9:2 and a solution which when evaporated and ignited gives an oxide with a 
specific gravity of 10°5. The fraction of purest insoluble citrate shows the | 


20 Berichte, 34, 2208, July 20, 1901. 
21 American Journal of Physiology, 5, 104, March, 1901. 
22 Journal of the American Chemical Socvety, 23, 761, October, 1901. 
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element to have an atomic weight of 223°2 while the other element contained if 
tetravalent would have an atomic weight between 260 and 280. 

Metathorium oxide, according to Stevens,”* is a variety of thorium oxide which 
has the same composition but different properties than the ordinary oxide. The 
hydroxide is less basic than the ordinary, it does not absorb carbon dioxide from 
the atmosphere and on standing in contact with water it is transformed into the 
ordinary hydrate. A recent analysis of monazite from New Granada shows 
18% thoria, 25°02% ceria, 22°41% La,O,, 1:21% MgO, 2°13% CaO, 3:0% SnO,, 
28°23% P,O,, with traces of iron, zinc and sulphur. 

According to Nernst there is no special catalytic action of the Welsbach mantle 
to which the high economy is due. As the material of the mantle radiates very 
little red light and few ultra red rays, it yields little energy in that part of 
the spectrum in which the maximum emission of heat usually takes place, the 

mantle is consequently enabled to absorb the full heat of the gas flame and 
thereby to radiate a relatively large volume of light. 

Titanvum.—The introduction of titanium into steel is said to increase its tensile 
strength. Steel containing 0°5% Ti is used for piano wire, needles and certain 
electrical purposes. Titanium steel thus far is largely confined to the experi- 
mental stage. 

Brakes** modifies the Baskerville method for determining titanium by fusing 
5 g. ore with an equivalent amount of sodium fluoride and potassium sulphate, 
in a platinum crucible, dissolving the fusion in 10% suphuric acid and filtering 
into a 500-c.c. flask; 100 ¢.c. of this solution is placed in a Nessler tube and 
5 c.c. of hydrogen peroxide added and mixed thoroughly. A comparison test is 
made by placing 100 c.c. of 10% sulphuric acid in a second Nessler tube and 
adding the number of cubic centimeters of a standard ferrous sulphate solu- 
tion equivalent to the amount of iron present in 1 g. of the ore, 5 ¢.c. of hydro- 
gen peroxide are added and standard TiO, solution is added until the desired 
tint is obtained, the color being compared by reflected light. Great accuracy 
is claimed for the method. 

Uraniwm.—Uranium ores are sold in Denver according to the percentage of 
uranium content: 10% ores are quoted at $17°50 per unit, 10 to 15% ores at 
$18 per unit, 15 to 20% ores at $19 per unit, 20% and over at $20 per unit. 
The ore finds a ready sale at these prices. A large quantity goes to France. 

Kern*® has made a detailed study of the technical estimation of uranium with 
the view of finding the most accurate and satisfactory method. Uranium can 
be separated from the copper group by means of H,S in an HCl solution. 
From the third and fourth groups it is best separated by means of a saturated 
solution of sodium carbonate or by ether, followed by a saturated solution of 
ammonium carbonate. The separation from iron depends on the fact that 
ether extracts ferric chloride from an aqueous hydrochloric acid solution while 
uranyl chloride remains in solution. From the alkalies and alkaline earths, 
the best method of separation is the ees of a dilute acetate solution in 


23 8 Zeitschrift fuer Anorganische Chemie, 27, 41, 1901. 
34 Journal of the Society of Chemical Industry, 20, 23, Jan. 81, 1901. 
25 Journal of the American Chemical Society, 23, 685, October, 1901. 
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presence of sodium acetate; hydrated protosesquioxide of uranium appears on 
the cathode as a black deposit and this is ignited to U,;O,, which may be weighed. 
The separation by means of ammonia in presence of ammonium chloride is best 
effected by boiling 20 minutes when the yellow slimy precipitate of ammonium 
uranate becomes darker and filters more readily. This precipitate is ignited to 
U,0,. The most rapid determination of uranium is accomplished by reducing 
a sulphate solution with zinc, magnesium, or aluminum, and titrating with 
potassium permanganate in an atmosphere of carbon dioxide. The results ob- 
tained this way are as accurate as by the gravimetric methods. Kollock and 
Smith separate uranium from barium, calcium, magnesium and zine by the 
electrolysis of solutions of the acetate, nitrate, or sulphate, but cannot separate 
it from chromium and iron this way. 

Uranium amalgam is prepared by Férée by the electrolysis of uranous chloride 
using a mercury cathode and separating the poles by a porous diaphragm. When 
the amalgam is heated to 241°C. in vacuum, the mercury is driven off, leaving 
a pyrophoric metal which burns brightly in air. Uranyl nitrate may be pre- 
pared on a large scale by the solution of the pentoxide, prepared by igniting 
ammonium uranate, in nitric acid of a specific gravity of 1°32. 

Aloy has ascertained that for the preparation of metallic uranium in the 
electric furnace it is only necessary to use 15 to 25 amperes, while Moissan used 
500 to 800 amperes at 45 to 55 volts. Uranium red, a complex potassium sul- 
pho-uranate has been made by Kohlschiitter?* by treating potassium uranate 
solution with hydrogen sulphide, filtering rapidly, digesting the mass with potas- 
sium carbonate and extracting with alcohol, carbon bisulphide and ether to 
remove sulphur. When dry the substance is a carmine red powder. The am- 
monium and sodium compounds are also red and the barium compound is so 
stable toward carbon dioxide and hydrogen sulphide that it can be used as a pig- 
ment. 

Vanadium.—There is very little demand for vanadium oxide in quantities by 
the steel manufacturers and the supply from the slags of the Creusot steel works 
in France, amounting annually to about 165,000 lb., is used as a mordant in 
dyeing. A large supply would admit of the use of vanadium in the manufacture 
of armor plate, projectiles and bronzes. H. Proctor Smith?’ has studied the 
extraction of vanadium from the standpoint of obtaining a ferrovanadium alloy 
to be used in steel-making. The ore treated is an impure lead vanadate from 
Spain, crushed to pass through a 0°125-in. mesh sieve and fused for 20 or 30 
minutes with two parts sodium or potassium bisulphate. The fused mass is 
crushed and leached with water, the resultant solution is allowed to stand in 
contact with scrap iron, and the lead sulphate, silica and undecomposed ore 
separated. The iron is introduced for the purpose of insuring that the vanadium 
will be present as vanadic salt. The vanadium and iron hydrates are now pre- 
cipitated gray or black in color by the addition of a 25% solution of caustic 
soda. The gelatinous precipitate is filter pressed, washed and dried, and contains 
about 18% V,0, to 775% Fe,0,. To make a ferrovanadium alloy the reduc- 


26 Annalen, 14, 311, 1901. 27 Journal of the Society of Chemical Industry, 20, 1183, Dec. 31, 1901. 
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tion is effected in the electric furnace by carbon and aluminum or aluminum 
alone. A mixture of 8 parts dried oxides, 2 parts powdered charcoal and 1 part 
aluminum in small pieces subjecting to the action of the electric arc in a graphite 
crucible yields a brittle button of fine white granular fracture, which contains 
V, 16% ; Fe, 70% ; Si, 20% and Al, C, etc., 12%. A mixture of the oxides with 
granulated aluminum ignited by means of sodium peroxide and magnesium 
or aluminum gives a brittle yellow metallic button containing about 
V, 15%; Fe, 58%; Al, 26% and Si, 13%. When used in steel-making these 
alloys require the same care as ferrochromium or ferronickel, and they increase 
enormously the tensile strength and elastic limit of steel to which they have been 
added. 

Yitrium.—By the fractionation of the crude oxides from gadolinite by means 
of their ethyl sulphates G. and E. Urbain?* find that the gadolinium elements 
can be so completely separated that the yttria and ytterbia solutions do not show 
phosphorescent spectra. The atomic weight of ytterbium is given as 172°6 and 
that of yttrium as 88°6. 

Zirconium.—tIn the extraction of lead from a specimnen of euxenite from Brevig, 
for the examination of its radioactive properties, Hofmann and Prandtl?® have 
found an earth in the sulphate residues whose properties indicate an unknown 
metal. ‘The oxide is white, and cannot be reduced by hydrogen but when fused 
with potassium bisulphate becomes soluble. Alkalies give a white flocculent pre- 
cipitate. From the analysis of the sulphate its atomic weight is about 17°8. 

Boehm has patented*® a glow body for use in the Nernst lamp, which is re- 
sistant to outer influences. Such a mixture consists of 90 parts zircona, 5 mag- 
nesia, 4 lime, 1 manganese sesquioxide. This mixture is made into a paste with a 
sugar solution and is squirted into threads or rods. In Nernst’s early experi- 
ments magnesia was used as a glower. More recent experiments have shown 
zircona and the rare earths used in the Welsbach mantle are satisfactory. The 
Nernst lamp consists in using a refractory earth as an incandescent material, 
this substance being a nonconductor when cold but allowing the current to pass 
through after. it is heated. The glower in the present lamp is heated by means 
of a thin porcelain tube wound with platinum wire. Automatic cut-outs throw out 
the heaters when the current is established through the glower. The lamp is thus 
automatically lighted now while in the earlier types outside heat was applied to 
heat the glower. The present design of lamps gives from 50 to 2,000 candle 
power and it is expected that the new lamp will meet a want, as the light given 
off closely approximates the quality of daylight and shows colors in their proper 
shades. 


28 Comptes Rendus, 182, 136, January, 1901. 29 Berichte, 34, 1064, April 20, 1901. 
30 English Patent No. 12,241, June 15, 1901. 
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Tux total production of salt in the United States, including that used for the 
manufacture of alkali and heavy chemicals amounted in 1901 to 20,566,661 DbbL., 
as compared to 20,738,729 bbl. in 1900. The leading salt producing States rank 
in the order of maximum production and percentage of output as: Michigan, 
7,729,641 bbl., 37-6% ; New York, 7,286,320 bbl., 35°4% ; Kansas, 2,087,791 bbl., 
10°2% ; and Ohio, 1,153,535 bbl., 56%. These four States furnished 88°8% 
of the total United States output in 1901. 


PRODUCTION OF SALT IN THE UNITED STATES. (IN BARRELS OF 280 LB.) 


Cali- | Ili- ansead Bowles Michizan| Nev@| New pone Utah,| Other | Total | pas 
fornia] nois.| (d) | ana. oO da. | York. | Virginia. ‘| States.) Barrels. TORE. 
| (0) (bogs Me alleen Ro ane 


484,650! 58,764) 1, 224,980) 209,392! 5,470,621) 5,540 65 1,010,300|657,340|) 528,705!15, 822,923! 2,215,209 

667,293] 57,796) 1,810,809 120.300 6,728,005] 5,325 325,809} 1,044,036}121,429) 515,592| 18,756,394 2,625, 895 

590,386} 54,500)/2,172, 000 357,148] 6,699,060} 5,900 ; 1,215,000}448, 132) 594,555|19, 861, 948) 2, 780,677 

455,271) 55,000)2,350,000 386,744) 6,845,685) 5,786 |8,123, 1,688,286)267,857| 560,550/20,738, 729 2.903, 422 

601,659} 99,700|2,087,7911451,430) 7,729,641/18,781 86,¢ 1,885,257 |334,484 569, 092|20,566 6612, 879,433 
| 


(a) Amount inspected. (b) Includes the production of Pennsylvania. (c) Includes salt used for the manu- 
facture of alkali. (d) Output in 1900 is estimated. 


Imports and Exports.—The imports of salt during 1901 were 403,465,946 Ib. 
($676,332), as against 415,775,592 lb. ($638,192) in 1900; the exports of 
domestic salt amounted to 18,865,247 lb. ($86,414) in 1901, against 
15,021,861 lb. 410) in 1900, and the exports of foreign salt were 
3,699,411 lb. ($7,155) in 1901, as against 3,548,724 lb. ($3,907) in 1900. 

California.—The production of salt in 1901 was 601,659 bbl, against 
455,271 bbl. in 1900, an increase of 145,388 bbl. during the year. 

Kansas.—The mines of Rice County, near Lyons, are equipped with channelling 
machines and compressed air drills, and are working an 18 ft. bed of salt by the 
pillar and chamber method. The salt is crushed, graded and shipped without 
refining. Late in 1901 the Hutchinson-Kansas Salt Co. began the sinking of a 
deep well to prospect as far as the drilling machinery will permit. The wells now 
average from 750 to 800 ft. in depth. 

Louisiana.—The success of the Myles Salt Co., of Weeks Island, Iberia Parish, 
in sinking through the quicksand by the caisson method, has contributed not a 
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little to the possibilities of salt production in Louisiana. Steel and wood caissons 
were used until the salt bed was penetrated, when walls of the shaft were fused 
with blow-pipes and covered with pitch and asphalt overlaid with cement. The 
output of salt in the State increased from 386,744 bbl. in 1900, to 451,430 bbl. 
in 1901. 

Michigan.—During 1901 Michigan increased its salt production by 883,956 bbL., 
as compared with 1900, thereby taking first rank in the salt producing States. 
The Solvay Process Co. completed its additional installations at Detroit in the 
latter part of 1901, and the Pennsylvania Salt Co. purchased land on the Detroit 
river, near the Michigan Alkali Works, at Wyandotte, for the purpose of erect- 
ing an electrolytic plant for the manufacture of alkali and bleach by the Bell 
patents. 

New York.—The production of salt during 1901 showed a decrease of 
837,230 bbl., as compared with 1900. The report of the National Salt Co. for 
the year nee December 31, 1901 shows $5,758,250 common, and $3,758,250 
of preferred stock beside the 12,417-5 shares each of common and preferred stock 
deposited with the American Trust Co., of Cleveland, O., pending litigation with 
the United Salt Co. The accounts show profits as follows: From the New York 
Department, $290,581; from subsidiary companies, $28,052; dividends, ete., 
$156,465; total, $475,098. Deductions are: Loss on Michigan Department, 
$275,738; New York office, $160,445; total, $436,183, leaving a surplus of 
$38,915 for the year, which added to the surplus from the previous year made a 
total of $876,374. Total deductions were: $155,314 for 1900 profit not received ; 
bonds of subsidiary companies paid, $40,000; dividends paid, $651,172; total, 
$846,486, leaving a balance at the close of the year amounting to $29,888. An 
entirely new Board of Directors and Officers were elected during the latter part 
of the year. Early in 1902 articles of incorporation of the Oatka Mining Co. 
were filed at Albany. The capital stock is $500,000, and the company proposes 
to compete with the National Salt Co. 

Utah.—The output during 1901 was 334,484 bbl., compared with 267,857 bbl. 
in 1900. A discovery of a large body of rock salt was made near Gunnison, 
San Pete County, containing 98°88% NaCl, with impurities chiefly iron oxide. 
A plant manufacturing 2 tons per day has been started, and enlargements are 
contemplated during 1902. 


THE WORLD’S PRODUCTION OF SALT. 


Bosma and Herzegovina.—The production of salt in Bosnia in 1900 amounted 
to 15,791 metric tons, while that of Herzegovina was 100,116 metric tons. 

Canada.—The output in 1901 was 59,428 short tons, valued at $262,328, 
against 62,055 short tons, valued at $279,458 during 1900. Early in 1902 there 
were reports of the formation of a trust to consolidate the Canadian salt wells. 

China.—The annual production of salt in the Tze-liu-ching district of China 
is estimated at 178,571 long tons. The district produces both oil and brine 
from wells which are sunk to a depth of from 2,200 to 3,300 ft. by means of 
churn drills, the operation taking in some instances as many as ten years to com- 
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plete. The gas is conveyed in bamboo pipes to the evaporating kettles made of 
cast iron, 4 ft. 9 in. in diameter and saucer-shaped, provided with extension sides 
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made of iron plates luted with clay. This dish is set above a cup-shaped clay- 

lined hollow in the floor through the center of which the gas ascends. 
Japan.—The output of salt in 1899 was 590,433 metric tons, which was pro- 

duced chiefly from sea-water by solar evaporation only or by a combination of 
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spontaneous evaporation with artificial heating of the concentrated solutions. A 
small quantity of salt is produced from weak brine springs by artificial heating. 
One hundred and forty thousand workmen are employed in the Japanese salt 
industry. 

Russia—The principal deposits of salt in Russia are in the following 
Provinces: Tauria, Perm, Astrakan, Jekaterinoslaw, Charkow, Chersson, Oren- 
burg, Caucasus, Ural, Turgai, and in the Transcaspian and Turkestan districts. 
The opening of the Perm-Kotlass Railway within the last few years has renewed 
the activity of the Urals which supplied all Russia, until discoveries of rock and 
lake salt in South Russia and the Volga region deprived Perm of its supremacy. 


SALT PRODUCTION OF 


THE CHIEF COUNTRIES OF THE WORLD. (a) (IN METRIC 
TONS AND DOLLARS. ) 

Year Algeria, Austria. (d) Canada. France. Germany. 
ABC Ri tereaian- 19.658 | $85,121 | 308,932 | $9,809,068 | 39,880 | $169,693 | 1,042,614 | $2,473,568 | 1,803,319 | $4,416,952 
Bley fisremtora f 28,222 78,058 | 331,084 | 10,857,496 | 46,584 | 225,730 948,000 | 2,239,823 | 1,806,684 3,834,426 
Bio elaernictras 21,300 86,000 | 341,959 | 10,795,700 | 51,796 | 284,520 999.283 | 2,115,120} 1,370,341 3,954,743 
BOS Rien Rie 17,378 67,300 | 342,059 | 10,276,631 | 51,796 | 234,520 | 1,193,582 2.506.832 | 1,432,181 3,978,750 
AGO 18.325 | 76,288 | 343.844 | 10,165,181 | 56,296 | 279,458 | 1,088,634 | 2,415,973 | 1,514,027 | 4,627,500 

3 
e Te PPE ay ak be 

Year Greece. Hungary. (d) India. Italy. (e) 
TSOG SS caret 22,800. $344,280 180,133 $6,191,861 1,048,172 $1,097,909 29,274 $113,322 
POs aeten 20,421 308,357 171,711 5,375,788 937,888 975,260 | ° 31,526 117,504 
PROBE ie suk 37,125 579,150 178,551 5,679,534 1,043,828 1,485,702 29,745 120,715 
BOG aaron: 22,411 836,165 182,793 5,479,782 977,240 1,824,748 28,842 64,418 
TOO eestcces 23,079 351,700 189,363 5,456,600 1,021,426 1,146,363 29,221 128,617 

Year Japan. (/) Russia. Spain. United Kingdom. United States. 
TBOG asters, « 531,909 | 1,346,247 | $3,026,000 | 521,751 | $1,153,880 | 2,054,715 | $3,333,065 | 1,995,017 5,828,250 
WOOT ecco. 621,731 1,551,894 | 2,711,077 | 508,606 1,159,294 | 1,933,949 3,104,490 | 2,009,625 8,898,556 
ABO cilonss 646,719 1,505,600 2,566,906 | 479,358 1,025,682 | 1,908,723 3,100,575 | 2,882,197 4,753,664 
HOOD oe 590,483 | 1,681,362 | 2,767,168 | 598,108 | 1,091,133 | 1,945,531 | 3,220,870 | 2,522,610 | 5,437,941 
1900S sieve cia we (c) (c) (c) 450,041 834,535 | 1,878,601 | 3,059,600 | 2,651,278 6,944,603 

} J 


(a) From the official reports of the respective countries. For Austria, Hungary, Russia, Spain, and the 
United States, the production of all kinds of salt is given; Germany, rock salt and common salt; Greece, sea 
salt: France, rock and sea salt; Algeria, sea and rock salt; Italy, rock and salt from brine; United Kingdom, 
rock and brine salt: India, saJt which is liable to British salt tax only, and does not include salt madein certain 
native States. (b) Not reported in the official statistics. (c) Statistics not yet published. (d) The high valua- 


(e) 


tion of salt in Austria and Hungary is due to the government monopoly of production and high taxation. 
Rock and brine salt only. About 400,000 tons of sea salt is made annually. (f) No value given. 


SILICA. 


UNbER this caption are grouped the various forms of silica that have a com- 
-mercial or industrial value, including diatomaceous earth, tripoli, sand, silica 
brick, flint, pumice, sandstone and novaculite used in the manufacture of grind- 
stones and whetstones. Sandstone for building purposes will be found under the 
heading “Stone,” elsewhere in this volume. 

Diatomaceous Earth and TripoliDiatomaceous or infusorial earths were 

“mined in the following localities during 1901: The Blue Hill, in Maine; on 
Troy Mountain, Troy, N. H., from which place the material is shipped to Keene 
to be calcined, bolted, and made up into cleaning and polishing powders ; Framing- 
ham, Mass., where the product is burned and washed before it is marketed. In 
Calvert County, Md., infusorial earth was mined during the year. Hollow fur- 
nace brick and plastic asbestos cement is-to be made from the infusorial earth 
recently uncovered near Wilmot, Va., and shipments were continued from the 
deposits of Esmeralda County, Nev. Deposits of infusorial earth of from 18 
to 45 ft. in depth occur at Niederohe and Oberohe, northern Germany, from which 
large amounts are exported annually. The tripoli deposits of Murray County, 
Ga., were worked to some extent, and a limited quantity of the finely ground 
product was shipped. An unusual deposit of tripoli is that near Carthage, Mo., 
where it is found in a very compact but porous condition, so that it may be cut 
into shapes and used directly for water filters. The American Tripoli Co., of 
Seneca, Mo., made an unusually large production during the year, largely ac- 
counting for the increased value of the production for 1901 of both infusorial 
earth and tripoli, which amounted to a total of 4,020 short tons, valued at $52,950, 
as compared with 3,615 short tons, valued at $24,207 for 1900. 

Extensive deposits of kieselguhr occur at Wyrallah, Lismore district, and at 
Barraba and Cooma, New South Wales, and experimental shipments to Sydney 
have been made; the demand, however, is limited and mining operations have 
made but little progress. A deposit of infusorial earth varying in thickness from 
2 to 6 ft. and 600X1,000 ft. in area has been discovered at the bottom of Long 
Lake, Kings County, Nova Scotia. The material is light gray when wet, becom- 
ing almost white and very adhesive when dry. Its clay impurities render it unfit 
for use as tripoli. Another deposit occurs in Telegraph Lake in the same locality. 
Tripolite is produced in Nova Scotia by the Cairo Polishing Co., at River Dennys, 
Inverness County, and the Bass River Infusorial Earth Co., at Bass river, Col- 
chester County, N. S., Canada, where it is found in a bed 8 ft. thick. It is purified 
by special treatment. The Victoria Tripolite Co., which makes a specialty of in- 
sulating material, has commenced extensive exploitation near St. Ann’s, Victoria 
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County. The tripoli deposit of Fitzgerald Lake, near St. John, New Brunswick, 
is nearly white after calcination, and an assay gave: Soluble silica, 82% ; insoluble 
silica in the form of impalpable quartz flour, 17°5% ; clay, iron oxide, etc., traces. 
The tripoli is covered over by a deposit of grass and peat which is still forming. 

Grindstones.—The value of the production of grindstones in the United 
States during 1901 was $580,703, against a value of $710,026 for 1900. The 
value of the imports during 1901 was $88,871. The amount of pulp stones 
produced in the United States during 1901 was 860 short tons, valued at $18,800, 
as compared with 553 short tons, valued at $12,495 during 1900. The price per 
ton decreased from $26 in 1900 to $22 in 1901. Pulp stones were produced in 
1901 principally from the quarries at Empire, Peninsular, and Tippecanoe, O. 

Pumice—There was no output of pumice in the United States during 1901. 
The mines of the Chicago Pumice Co., in Utah, have been shut down owing to 
their inability to compete in price with the Lipari pumice, which is exported from 
Italy to the United States as ballast. A large deposit of pumice is reported from 
Sonoma County, Cal., and pumice sufficient to supply the demand of this country . 
is found in Hawaii. The pumice industry is principally carried on in the Island 
of Lipari, Italy, the annual output amounting to about 8,000 metric tons. The 
pumice mixed with volcanic ash is found in a stratum of from 1 to 4 m. thick, 
extending over an area of about 6 square miles. It is overlaid by volcanic de- 
posits of various character which have a thickness of from 4 to 8 m. At the 
present time over 200 mines are in operation, giving employment to 800 persons. 
As soon as the stone is brought to the surface it is sorted into grades, of which 
there are 16 recognized by the trade, determined by the size, color, and weight 
of the lumps. It is then forwarded to Lipari for manufacture. 

Quartz and Flint—The output of quartz or flint in the United States during 
1901 amounted to 34,420 short tons, valued at $149,297. Of this total 51°3'% 
was ground by the producers. There was a good demand and an increased price 
for flint during the year. The output of crude crystalline quartz during 1901 
was 14,050 short tons valued at $41,500, which was used after grinding chiefly 
in the manufacture, with Japans and oil, of wood filler, although some is sold 
as tripoli, a considerable amount used as an abrasive in marble cutting, and a 
limited amount for the production of sandpaper. 

French sea flint pebbles are gathered on the beaches between Havre and 
St. Valery-sur-Somme, a distance of a little over 100 miles. Those which are 
nearly spherical in shape are carefully selected and are used in the Alsing system 
of cylinder grinding, which is becoming so generally employed for pulverizing 
cement, pharmaceutical and chemical products, etc. The others are bought by 
the potteries for making ordinary porcelain ware, after being calcined, ground 
into a fine powder, and mixed with china clay. The yearly exports from France 
are about 13,500 tons, of which nearly one-half goes to the United States. The 
value of the selected pebbles varies from $8°52 to $10°21 per ton, in bags or 
barrels, f. o. b. at shipping port, while the pottery pebbles range from $1:27 to 
$2°92 per ton, f. o. b. in bulk. Ocean freight from Havre or Dieppe to New York 
averages 10 fr. ($1°93) per metric ton. Competition is keen with the Danish and 
other pebbles that are used for the same purposes. 
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Sand.—The bacteriological efficiency of sand as a filter for water is shown 
in the results obtained from the large filtration plant at Albany, N. Y. The 
weekly averages of bacteria in the unfiltered water ranged from 4,733 to 66,000 
per c.c. and the percentage of removal ranged from 94°8 to 99°7%; the former 
figure was exceptionally low, the next lowest being 97°8%. Slow sand filtration 
will remove nearly all pathogenic bacteria, but will not remove all coloring 
matter from the water; the amount of the latter removable ranging from 25 to 
50%. Odor is difficult to remove, and the results at Albany were not always 
effective, the odor being particularly noticeable in waste water from gas works. 


PRODUCTION OF WHETSTONES AND SCYTHESTONES IN THE UNITED STATES. 


Kind of Stone. 1898. 1899. 1900. 1901. 


(a) (a) (a) (a) 

Quantity.| Value. |Quantity.| Value. |Quantity.| Value. |Quantity. Value. 
Hindostan (finished product) 275,000 $8,225} 325,000 | $9,750 | 260,000 | $10,000 (c) (c) 
Indiana sandstone (finished product)! 100,000 2,000} 91,000 1,820 70,000 
Arkansas stone (‘‘ rough rock ’’) 40,000 60,000 2,409 50,000 
Washita stone (‘rough rock ’’) 350,000 350,000 4,575 | 360,000 
Miscellaneous oilstones (b) EO 4,000 
New Hampshire (Indian Pond, ete.).. ; 5 F 35,750 
Vermont (Lamoille, etc.)............ 5 750i E 17.500 
Ohio and Michigan grit 5,696 i, 89,425 


$107,990 1$115,220 SCUBA B Bat nae $158,300 


(a) Quantities given for Hindostan, Indiana, Arkansas and Washita stones and miscellaneous oilstones are 
pounds; for New Hampshire and Vermont scythestones, and Ohio and Michigan grit the quantities are number 
of gross. (b) Including Queer Creek, Chocolate, etc., estimated. (c) Detailed statistics not available. 


Ferrostlicon.—The 7,830 calories liberated by ferrosilicon, as against 2,473 
calories by carbon, when both are present (1% of either) in iron in process of 
Ressemerization to steel renders the use of the ferrosilicon in special processes of 
steel manufacture which deal with small quantities, far preferable to that of 
carbon alone, as the steel is not brittle unless there is also an excess of carbon. 
The metallurgical value of ferrosilicon increases with the percentage of silicon 
present. Ferrosilicon is being manufactured from scrap iron, quartz and coke 
at Meran, Germany, and at several carbide works in France. The product con- 
tains 77°5% Fe and 215% Si, and costs at Meran, $40 per metric ton, the yield 
in the electric furnace being one ton per 5,000 K.W. hours. The selling price of 
10% Si in ferrosilicon is about $36 per metric ton, and that of 25%, $60 per 
metric ton, each -1% additional from $2 to $2°40 extra per ton. The use of 
Martin slags assaying SiO, 50-42%, Al,O, 2°26%, FeO 341%, MnO 9-42%, 
CaO, MgO, ete. 3°3%, when mixed in the proportion of 1,680 kg. of slag and 
600 kg. of 80% OC. coke, yielded ferrosilicon containing 23°8% Si. There was 
produced in 110 hours, 4,090 kg. of material with a consumption of 5,380 K. W. 
hours per metric ton. The mixture used for the manufacture of ferrosilicon in the 
Styrian blast furnaces at Meran is 1,000 parts of forge iron scales, 410 parts of 
quartz, and 940 parts of coke. The electric furnaces use 1,000 iron scales, 410 
quartz, and 398 coke; the percentages of useful elements in the raw material 
being Fe 71:9%, SiO, 91:°3%, C 639%. 


SLATE: 


THERE was an increase in the production of slate in 1901, the output being 
1,304,379 squares of roofing slate, valued at $4,114,410 and $673,115 slate manu- 
factures, against 990,036 squares ($2,885,153) of roofing and $502,051 of manu- 
factures in 1900. The active demand in foreign markets had a buoyant influence 
on the industry during 1901, and the promise for 1902 is even better; the 
domestic trade also showed an increase in volume. The prices obtained for roofing 
slate were much better than in the preceding year, being more than in 1899, as 
the producers abided more closely by their established schedule of rates, the 
average price per square for the entire country being $3°15, against $3°01 in 
1900, and $314 in 1899. 


PRODUCTION OF SLATE IN THE UNITED STATES. (@) 


1900. 1901. 
States. Roofing [ _ ~ Other Roofing Other 
Slate. | Value. | Mfrs. | ~9'@! | Slate. | Value. | Mfrs. | fotal 
Squares. } Value. | | Squares. Value. 
@alifornias<..23--350 5s 3,500] $26,250] Nil. $26,250 2.500! $18,608|.........- $18,608 
Gacnninen ee ene Nibes |e: Nil. Vil. 800 SOOO Scere 3,0 
Maing sone ce 19,549] 88,988! $46905] 135,893] 20.791] 111,295] $91,030] 202,325 
Md., Pa. (Peach Bottom) .... 24.384 114,869] Nil. 114,869] b 20,153/ 104,781 1,017} 105,798 
Pa. (Chapman’s Quarries)... (er) 95,887 448 96,335 t i > = 
Pennsylva. (other districts)..|  563.014| 1,577,614 358,849| 1,936,463| ¢ 858;028/ 2,591,625; —892,689/ 2,984,264 
Vermont and New York..... 307,884] 837,844} 87,849] 925,693] 345,977] 1,076,122} 187,029] 1,263,151 
Vineiniacss ok ic ae ee 42.985] 139,701 5,000] 144,701 58,680| 178,979].......05. 178,979 
Other Statess .so.cc ee e 1,000] e4,000] ¢3,900/ —-e7,000 7500!  80,000|.......... 30,000 
Metis ss 990,036] $2,885,153} $502,051| $3,387,204] 1,304,879] $4,114,410] $673,115] $4,787,535 


(a) Not including slate pigment. (b) Peach Bottom included in Pa. (e) Estimated. 

Nots.—The pea: SAS of slate pigment, including Baraga graphite and various kinds of mineral black, in 
1900 was 6,617 short tons, valued, after grinding, at $72,787, against 4,911 ($50,338) in 1899. In 1901 the quantity 
of slate pigment produced in the United States is included under amorphous graphite, given elsewhere in this 
volume. 


Export Trade.—The value of the roofing slate and slate manufactures exported 
during 1901 amounted to $898,262, as compared with $950,543 in 1900. The 
greater bulk of the shipments were to the United Kingdom via New York or 
Philadelphia. 

The exports of roofing slate again showed a decrease in value due to the 
settlement of labor difficulties with the old, and the opening of new quarries 
in Wales. The exports to Australasia, however, increased, as they have done for 
several years past, by about 12%. New York, Philadelphia, Baltimore and Boston 
ports shipped the larger part of the slate exported to Denmark during the year, 
which country received roofing slate to the value of $43,344 in 1901, against 
$25,437 in 1900. 
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Market.—A short supply of rough slate at quarries at different times during 
the year, due to the heavy domestic consumption, resulted in premiums being paid 
on specified deliveries. Roofing slate of first-class quality sold f. 0. b. quarry 
in commercial sizes as follows: Maine, $4°80 to $7; Peach Bottom, $4°75 to 
$5°35; Pennsylvania Bangor No. 1, $3-25 to $450; Bangor Ribbon, $3 to $3°50; 
Albion or Jackson Bangor, $2°85 to $3°25; Lehigh, $2°75 to $38. New York- 
Vermont prices were: Sea Green, $2 to $3; unfading green, $3°25 to $425; 
red, $8°50 to $10°50. Mull stock showed increased competition and irregular 
prices. 

Arkansas—The Memphis Slate Co., organized in 1900 to operate slate quar- 
ries at Blue Mountain and Little Rock, produced no slate during 1901, but con- 
siderable development work is reported. Slate is reported from localities in 
Montgomery, Saline, Pulaski and Polk counties. 

California—Although the production in 1901 amounting to 2,500 squares, 
was below that of 1900 amounting to 3,500 squares, interest is steadily increasing. 
Kelsey and Placerville, in Eldorado County, produce most of the roofing slate, 
which is blue-black in color with good cleavage, although there are small quarries 
at Merced, in Mariposa County. 

Maine.—The production of roofing slate increased slightly during the year, 
while the price increased considerably, being $5°35 per square in 1901, against 
$4°77 per square in 1900. The value of the milled slate increased from $88,988 
in 1900, to $91,030 in 1901. 

Maryland.—Several new companies were formed during the year, and al- 
though the production of both roofing slate and milled slate was less than in 
1900, the demand and market were good, and manufacturers are looking forward 
to an increased production in 1902. 

New Jersey—The operations in the vicinity of Newton were very active in 
1901 and the production increased from 3,600 squares in 1900 to 7,500 squares 
in 1901. This slate belt is a continuation of the blue-black slate belt of Penn- 
sylvania and Maryland. The New Jersey Slate Co. made extensive improvements 
at its Newton quarry during the year, consisting in the installation of a new 
boiler and other labor saving machinery. 

Pennsylvania.—During 1901 Pennsylvania produced 62-33% of the slate mined 
in the United States, which was a slight decrease from the proportions of 1900, 
showing that the outside production is increasing at a greater rate than Penn- 
sylvania, although the home production registered a very large increase over 1900. 
The value of the output during 1901 was $2,984,264, against $2,713,598 in 1900. 
The gain was in the output and value of roofing slate, which was 853,028 squares, 
valued at $2,591,625 in 1901, against 788,571 squares, valued at $2,277,192 in 
1900, an increase of 64,457 squares during the year. The average value per 
square was $3:038 in 1901, against $2°887 in 1900. The value of the milled 
stock was $392,639 in 1901, against $436,406 in 1900, a decrease amounting to 
$43,767 in value for the year. 

Vermont and New York.—The output of roofing slate in New York State in- 
ereased from 7,713 squares, valued at $58,360 in 1900, to 15,786 squares, valued 
at $91,805 in 1901. The value of milled stock increased accordingly, the total 
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value of all kinds of slate being $62,755 in 1900, against $100,960 in 1901. 
The value of the roofing slate quarried in New York varies from $2 to $10 per 
square, the higher figure being caused by the small output of red slate, which is 
produced in no other State in the country. In 1901 Vermont produced 24:27% 
of the total slate of the United States during that year. In 1901 the total value 
was $1,162,191, an increase of $244,729 over 1900. The production of roofing 
slate was 330,191 squares, valued at $984,317, against 282,820 squares, valued at 
$795,474 in 1900. The smaller companies still held their prices through the 
selling agency established by them in 1900. The introduction of labor saving 
devices, notably by the Auld & Conger Co., of Cleveland, Ohio, who are the 
largest operators on the Poultney slate belt, has had much to do with placing 
the industry on a firm and economical basis. Among the improvements installed 
by the Auld & Conger Co. is an anchorage for the cables used to haul the slate 
from the pit. This anchorage consists of a heavily weighted car to which the 
cable is attached, and which travels on a track shaped to the segment of a circle, 
thus permitting a range of working of 50 ft. on either side of the normal line of 
a straight away cable. The saving in time by the use of this device will be 
appreciated by those who have been compelled to shift the bolthead anchorage 
of the incline, to accommodate some point perhaps but temporarily needing 
attention. This company has direct communication with the railroad three miles 
distant by means of an overhead cable tramway, and its self dumping waste rock 
rigging and system of providing splitting rock for the slate making sheds permits 
the most economical handling possible. 

Virginia.—The output of roofing slate during 1901 was 53,630 squares, valued 
at $178,979, against 56,365 squares, valued at $185,211, a slight decrease in pro- 
duction during the year, but the decrease of 2,735 squares in output was some- 
what compensated for by the increased average value per square, which was $3-33 
in 1901, against $3°28 in 1900. 

New Caledonia.—The slate deposits at Wagap and Manghine in New Caledonia, 
are said to be of excellent splitting quality, and the seams are very large. 

Newfoundland.—The Wilton Grove slate quarry at Smith's Sound was very 
active in its operations during 1901, with the result that 2,000 tons of slate 
(equivalent to 6,000 squares) valued at $22,500 was produced during the year, 
against 600 tons (equivalent to 1,800 squares), valued at $10,800 during 1900. 
All of the 1901 production was exported to England. ‘The slate is made in two 
sizes, 10X20 in, and- 12X24 in., the former size being exported to Newcastle, 
and the latter to London. A stone steamship pier has been erected on the water- 
front, enabling direct shipment of the finished product. About 50 men are em- 
ployed, and Ingersoll steam drills are in use, the slabs being hoisted from the 
quarry by derricks. The slate is largely a dark purple in color, but some sea- 
ereen is also found. Several new deposits were located during the year. 

United Kingdom.—The total quantity of slate produced in the United King- 
dom during 1900 was 585,859 tons (about 1,757,577 squares), valued at 
$7 336,613, of which all but about 10% was consumed in the United Kingdom, 
beside the large importation from Newfoundland and the United States. 


SODA AND SODIUM SALTS. 


TE production of soda in the United States for the year 1901 is estimated 
at 480,000 metric tons, as compared with 390,000 tons for the year 1900. The 
above figures cover production in all the usual forms, reduced to the basis of 58%. 

There have been various changes in the products or capacity of the several 
works producing the soda products mentioned in Tre Mrverat Inpusrry, Vol. 
IX., the principal ones being as follows: The Michigan Alkali Co. suffered from a 
disastrous fire in December, 1901, which destroyed the main building of the No. 1 
soda ash plant. This plant was being run at the time to its full capacity, and its 
destruction involved a loss estimated at upward of $300,000. The company is now 
engaged in reconstructing its plant, and expects to have it in operation about the 
close of 1902. In addition, this company is building a battery of coke ovens for 
the purpose of supplying its works with coke and by-products. The Columbia 
Chemical Co., at Barberton, O., went into operation the latter part of 1900, 
producing soda ash. The operation of their soda ash plant has continued through- 
out the year 1901, and in the course of the year it has also commenced the pro- 
duction of caustic soda. The Frasch Process Soda Co., of Cleveland, O., has 
been in operation during parts of the year 1901. This plant is a small one, 
the output being something less than 30 tons per day, and it is said to be 
on too small a scale to be profitable. The Mathieson Alkali Co., of Saltville, Va., 
continued in operation throughout the year, producing soda ash, caustic soda, and 
sodium bicarbonate. Alterations and additions to the plant have been in 
progress for two years and the plant is said to have been more or less entirely 
remodeled. Among the improvements has been the building of a wire rope tram- 
way for bringing the limestone from a point about 3 miles from the works, where 
quarries have been opened. The-Solvay Process Co., of Syracuse and Detroit, 
has continued the installation of additions to its plant at Detroit begun during 
the year 1900. These additions were largely completed during 1901, and the 
additional output from their operation was felt in the latter part of the year. 
Further, 30 Semet-Solvay coke ovens have been built at Detroit for the purpose 
of supplying ammonia and coke for the use of the works. These ovens were put 
in operation in the last quarter of 1901. The American Alkali Co., which has 
been operating a small electrolytic plant at the Sault Ste. Marie, on the Canadian 
side, has become involved in somewhat intricate legal difficulties. The points at 
issue originated with the promoters of the company and their dealings with 
the Commercial Development Co., of England, of whom they bought the rights 
to use the Rhodin system. The Acker Process Co., of Niagara Falls, N. Y., has 
been in operation throughout the year 1901 on a small scale, producing caustic 
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soda and bleaching powder by the electrolysis of fused salt. It is reported that 
they have had some difficulty with the bleach produced, but that they have now 
made arrangements by which these difficulties will be overcome. The Castner 
Electrolytic Alkali Co., at Niagara Falls, has had under way during the year 
1901 an enlargement of its plant which will enable it to use 6,000 H.P. in 
the production of caustic soda and bleach. Its first installation, which has 
been in operation for about two years, utilized 2,000 H.P. It is expected that the 
additional plant will begin producing in the latter half of 1902. The Pennsyl- 
vania Salt Manufacturing Co. has purchased land on the Detroit river, near the 
works of the Michigan Alkali Co., at Wyandotte. On this property, which has a 
large river frontage, it is erecting an electrolytic plant for the production of 
caustic soda and bleach. The company has acquired American rights in the 
patents granted to George Bell and George W. Bell, of Liverpool. It is said that 
ilhey expect to turn out 100 tons of caustic and 150 tons of bleaching powder 
per week, and if the venture is successful four similar units will be added. There 
was a continuance during the year of the increased output of natural soda in the 
West, and it is estimated that during 1901 there was produced from this source 
15,000 tons of soda in its various forms. The Occidental Alkali Co., of Haw- 
thorne, Nev., which produced a small quantity of natural sodium carbonate salt 
during 1900, made no production during 1901. In addition to the production of 
the soda products mentioned above, there was imported from English makers ap- 
proximately 15,000 tons of soda products on a basis of 58% in the forms of 
ash, caustic, bicarbonate and sal soda. This, as will be seen, is a radical reduction 
in imports from the year before. Furthermore, there has been a small exporta- 
tion of soda products from this country to various points, notably to Great Britain, 
These have not been of any considerable quantity and have tended to decrease 
in the latter part of the year. It is thought that there was not sufficient profit 
in the business to make it attractive. 


IMPORTS OF SODA PRODUCTS INTO THE UNITED STATES. 


1897. 1898. 1899. 1900. 1901. 


Pounds. | Value. | Pounds. | Value. | Pounds. | Value. | Pounds. | Value. | Pounds. | Value. 


$ $ $ $ $ 

Soda, nitrate. .|212,721,600 2,810, 187/330,386,560| 2,298,240 328, 142,080 3,486,313 407,921 ,920/4,935,520| 467, 440,960|5,999,098 
Soda. bicarb...| 965.669} 15,982) 280,988, 5,794) 162,398) 5,219} 138,187) 4,509} (b) (b) 

Soda, caustic. .| 57,742,392) 988,318) 24,981,873] 354,270) 13,363,529 186,008) 8,403,749] 150,530| 3,812,847] 94,803 
Soda ash (a) . . , 154,656,060) 1,122,867] 73,064,707] 447,119] 57,053,837| 425,205) 73,815.425| 613,379] 31,415,788] 276.261 
Oth'r soda salts| 7,927,145) 100,989) 28,354,295] 256,958) 26,340,840! 355,502) 20,351,801) 255.293] 14,491,559] 189,543 
Lime, chloride. 109,176,451 1 460,709) 108,462,828) 1,229,978 128,582,961 1,203,364 | 132,510,478) 1,524,205] 117,510,359] 1,673, 190 


(a) Including sal soda. (6) Included in other soda salts. 


Market Conditions—The average monthly price of domestic 58% ash per 
100 Ib. in lots of 50 tons or more f. o. b. works, is given in the following table :— 


ered tale | 
Year. | Jan. | Feb. | Mch. |April.| May. | June.) July.) Aug. | Sept.| Oct. | Nov. | Dec. | aerehaoe: 
Gol oS aA ine Ee eho ane Coe 38-75 51°25] 58°75] 50°50} 57°50) 57°50) 51°5 | 52°50] 50°00] 59°00] 57°50 57-50 54°35 
WOON SS crecernpe ete oral eros ce erste 57°50] 59°20} 62°50] 66°50) 67°50] 63°75} 68°75) 70°00) 71°75) 80°00) 82°50) 88°50 69°45 
UL eae aera rieiciemario sae 86:66] 87°50) 87°50] 82°50} 82°50} 82°50) 82°50] 82°50) 77°50) 77°50] 72°50) 75°50 81°43 
L901 es cee cee 80°00} 80°00; 74°00} 80°00 78°75| 77°50) 80°00) 76°50! 75°50) 77°50) 78-50} 85-00} 78°60 
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Domestic bicarbonate of soda sold at 95c.@$1°10 per 100 lb. f. 0. b. works, as 
compared with $1:065@§$1°375 in the previous year. Extra grades remained un- 
changed at $3°25@$3-50 per 100 lb. f. 0. b. works, less the usual discounts. 
Foreign ordinary grades brought $1:375@$1'75 per 100 lb, in New York. 

Domestic caustic soda sold at $1-70@$1°95 per 100 lb. f. 0. b. works, while 
foreign brought $1°85@$2'50 per 100 lb. in New York. Contracts for 1902 
and 1903 were made at $1°85@$1°925 f. 0. b. works. There was a good sale for 
this article among glass makers and mercerized goods manufacturers, but the 
imports were considerably less than in the preceding year. 

Domestic soda ash in bags sold at 70@85c. per 100 |b. f. 0. b. works for 58%, 
and 80@90c. for 48%. The market showed more strength in the latter part 
of the year owing to the destruction by fire of the plant owned by the Michigan 
Alkali Works and also to the depletion of stocks. Foreign soda ash was quoted 
at 80@87'5c. per 100 lb. in New York. 

Domestic sal soda was quoted at 50@55c. per 100 Ib. f. 0. b. works in the Kast, 
and foreign at 65@67-5c. in New York. These prices are much lower than those 
ruling in 1900, the decline being caused by the competition among manufacturers, 
although the imports were less. 

Bleaching powder of domestic make was quoted on the basis of the prices 
ruling for imported material, which were $2 for prime Liverpool and 
#1°75@$1°875 for Continental brands on contracts. New contracts for 1902 were 
made in the last quarter of 1901 at $1°75@$1°90 for prime Liverpool, and 
$1°70@$1°85 for Continental makes. 

Natural Sodium Carbonate-—The production of natural sodium bicarbonate 
reduced to a basis of 58% ash during 1901 was about 15,000 short tons 
($197,000), as against 14,100 short tons ($195,300) in 1900. The production 
continues to come from California and Nevada. 

Sodium and Potassium Chlorates and Hypochlorites—A review of these in- 
dustries during 1901 is given under the caption “Potash and Potassium Salts,” 
elsewhere in this volume. 

Sodium Nitrate-—Chile Saltpeter—The production of sodium nitrate in Chile 
during 1901 was 1,417,806 long tons, as compared with 1,473,091 long tons in 
1900, a decrease of 55,285 long tons due to the rigid restriction of output by 
an agreement dated April 1, 1901, entered into by the principal producers. 
The combination on April 1, 1901, allotted the production for the year ending 
March 31, 1902, on an exportation of 31,273,000 quintals, with a subsequent 
agreement that but 75% of this amount should be exported during the succeed- 
ing 9 months. Good dividends were paid during the year by many oficinas, due 
to the utilization of the costras, ripios, and cuevas caliche formerly wasted. The 
cost of production has, however, decreased but little, due to the extra care taken 
with shipments. The report of the Salar del Carmen Nitrate Syndicate for 
the year ending December 31, 1901, is as follows: Gross receipts, £47,320 
($236,600), showing an increase of over 37%, as compared with 1900. After 
providing for the debenture interest and redemption account there was a sur- 
plus of £26,076 ($130,380). A dividend of 10% has been paid and £15,000 
($75,000) carried to reserve account, while £3,000 ($15,000) has been written 
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off for depreciation of plant. The output of the plant was again fixed at 
600,000 quintals, and according to the report the cost of production should not 
exceed 4s. 8d. ($1°12) per quintal. It is estimated that the small nitrate com- 
panies averaged profits of from 24 to 42c. per quintal (about from $5°15 to 
$918 per long ton) during 1901, while the larger companies, with more oppor- 
tunity for economy, earned larger dividends proportionately. A description of 
the Chilean sodium nitrate industry may be found in THe MinzRAL INDUSTRY, 
Vol. I[X., p. 596, et seq. 

Sodium.—There are several works manufacturing metallic sodium in the 
United States, among them the Niagara Electro-Chemical Co., of Niagara Falls, 
N. Y., but no statistics of production, are available. It is reported that several 
tons per week of potassium cyanide are manufactured at Niagara Falls by means 
of metallic sodium, Sodium peroxide in quantity is also manufactured at Niagara 
Falls, N. Y. 


Tie IMPROVED AMMONIUM CHLORIDE DISTILLER FOR A 100-TON 
Sopa AsH PLANT. 


By JoHN R. WATSON. 


Tug distillers for the production of ammonium from ammonium chloride 
liquors in ammonia soda works vary considerably in detail, though in principle 
they are much the same. 

The original design of an efficient ammonium chloride lquor distiller must 
be credited to Dr. Ludwig Mond, and the improved apparatus shown in the 
illustration, Fig. 1, on the following page, is a development of the type described 
in Lunge’s Sulphuric Acid and Alkali, Vol. I11., p. 111. 

The most important improvements have been made along the following lines: 

1. In the proportion of the areas of the component parts. 

2. In the distribution of the descending lquors. 

3. In the form of the distiller portion, which comprises the lower compart- 
ments Nos. 1 to 11. 

4. In the form of the diaphragm plates, and 

5. In the location of the inlet and outlet pipes. 

While all of these improvements have resulted in a very efficient apparatus, 
perhaps the one of most importance is the better location of the inlet and outlet 
pipes. The diaphragm plates, as shown in the cross section, Fig. 1, are in the form 
of an ellipse, which have proven the most satisfactory of all the various forms 
tried. The scale in the compartments assumes this shape. Total height is 91 ft. 

Considering the requirements to be fulfilled in the distiller in which the 
ascending gases travel in a direction opposite to the descending liquor, a good 
rule to ascertain the proper area of the gas passages above the diaphragm plates 
and between them and the hood plate, is that each area shall be at least three 
times the area of the gas passage, and that the diameter of the hood plate at 
the point of denticulation shall be at least 70% of the diameter of the distiller. 
It should also be noted that the heater compartments of the distiller, shown in 
the illustration by Roman numerals I to XX, are of what may be termed the 
“bubble and spray” type. In all there are 33 compartments. 
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Gas Outlet. Inlet for Ammonitiny 
Chloride Liquor 


COMPARTMENTS 
NOS. 1 TO XxX 
COMPOSE THE 

HEATER, PORTION 


Perforate@ 


€Milk of Lime 
Inlet 


COMPARTMENTS 
NOS. 1 TO 11 
COMPOSE THE 
DISTILLER PORTION 


Steel Shell, 


Steam Inlet 


Fig. 1 Distituer ror AMmMonium CuLoripE Lrovrps 
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The object in the upper compartments of the apparatus is to offer a minimum 
resistance to the ascending gas, and at the same time to split up the descending 
liquors as finely as possible. This is attained by having the denticulations of the 
corona plates finished off to a knife edge, the denticulations acting as distributors. 
The descending liquor then takes the form of a thin veil, which is broken through 
by the ascending gases. The lower portion of the heater is of the “bubble” 
type, which offers a greater resistance but brings the ascending gases into closer 
contact, at the same time the liquor is heated to a greater extent than could 
be done with a spray. It should be noted that the depth of the liquor or the seal 
over the perforations in the bubble plates should never exceed 3°5 in. If these 
dimensions are exceeded to any great extent, the resistance to the passage of hot 
ascending gases materially affects the economical working, and also increases the 
back pressure on the exhaust steam used in the distiller. A heater of this type 
is operated under a partial vacuum of from 2°5 in. to 7 in. of mercury. 

The following table gives the results obtained in the practical working of the dis- 
tiller. The determinations for free ammonia were made on samples of 20 c.c. 
each of solutions taken from the several compartments, while those for combined 
ammonia were made on samples of 200 c.c. each. 


Distilier. Heater. 

No. of Free Combined ny No. of Free Combined 

Com- | Ammonia, | Ammonia by | Carbon gion ten ‘Com- } Ammonia, | Ammonia by} Carbon eoerer 

part- Direct Distillation | Dioxide. C : part- Direct Distillation | Dioxide. C 
ment. |20c.c. Test.|200 c.c. sample : ment. |20c.c. Test. |200 c.c. sample 

Lisa 10°6 "24 5 102 I AGRGS 36°1 _ 86:2 1:2 89 
nce aici 11°6 38 5-4 102 Divine os 41°5 91°2 58 85 
Biahiey 14°3 "48 5:4 101 Oianticee 61:0 114°6 17°8 82 
aaa 10°2 “%6 5°4 101 Ae aie eee 69-0 119°3 22°0 79 
Sanaa 11:9 1°24 5:4 101 Dnatcrers 81:8 135°2 27°5 %6 
Geka 10°3 2°18 5:5 100 Ceca 85°2 136°0 82°4 74 
RSA 12°8 8-4 5'5 100 Men tae kG 84 135°6 84°2 74 
Skee 11-7 23°6 5°5 98 Siete 83°2 136°0 . 86°9 W% 
Rare 13°5 37°6 5°6 98 
Once 20°6 157°5 5: ¢ 96 
Llsecen ites 39°9 352°0 54 68 


The working of a distiller is continuous for four or five weeks, and consists 
in admitting the ammonium chloride liquors, or what is termed “filter liquors,” 
to the top of the heater. During the descent the free ammonia is expelled while 
ihe combined ammonia is not driven off until the distiller portion of the ap- 
paratus is reached, where in contact with milk of lime it is liberated. Usually 
exhaust steam at from 15 to 20 lb. pressure is admitted at the bottom, as shown 
in the illustration. The waste lime is blown off from the. bottom compartment. 

' In order to obtain the maximum efficiency for the distiller, the following fac- 
tors of working must be carefully regulated :— 

1. The temperature of the incoming liquor at the top, also that of the heater 
portion of the apparatus and of the outgoing gases. 
+2. The strength of the vacuum at the top of the heater. 

3. The amount of lime and salt in the blow-off liquors. 

4. The amount of free and combined ammonia in the incoming liquor and in 
the blow-off liquor (tested every 15 minutes). 

The distiller described above will handle all the return ammonium chloride 
liquors for a plant producing 100 tons soda ash per day. 


STONE. 


THE leading varieties of stone produced in the United States in the order of 
their importance are limestone, granite, sandstone, marble and slate. Detailed 
information as to the important quarrying centers, character of their output, 
and the relative value of stones for different uses, will be found in THe MINERAL 
Inpustry, Vol. VIII. Slate is treated separately elsewhere in this volume. 

The total value of the stone produced in the United States during 1901 
amounted to $55,488,137, against $45,066,708 in 1900; neither of which totals 
includes the sandstone used in the manufacture of grindstones and whetstones, 
which is intluded under silica, and are also exclusive of the value of the produc- 
tion of slate, both of which may be found in detail elsewhere in this volume. 

The value of the imports and exports of stone into the United States for the 
fiscal year ending June 30, 1901, was $1,276,602 and $774,614, respectively, the 
former inclusive and the latter exclusive of the respective values of slate. 

Limestone.—The value of the total production during 1901 was $26,406,897, 
the value of that used for building being $5,219,310, including $404,163 for 
railroad bridges; for railroad ballast, $1,758,541; for macadam, $2,298,286; for 
concrete, $1,214,815; for riprap and rubble, $1,024,109; for the production of 
lime, $8,204,054; for blast furnace flux, $4,659,836, and for the limestone used 
in the manufacture of Portland cement, $570,882. The principal producers 
rank in the order of maximum production as: Pennsylvania, with a production 
valued at $5,081,387 for 1901; Illinois, $2,793,837; Indiana, $2,993,186 ; Ohio, 
$2,606,502 ; New York, $1,738,716; Missouri, $1,362,272; Wisconsin, $1,225,448. 

Granite.—The total value of the granite produced during 1901 amounted to © 
$15,976,971, which includes that used for concrete, $477,709; for road making, 
$2,008,966; and for railroad ballast, $516,768; for curbing and flagging, 
$670,703; riprap and rubble, $1,755,959; sold in the rough, $3,486,574, for 
paving blocks, $1,821,431; and for dressed building stone sold by the producers, 
$3,781,294. The principal States rank in the order of their maximum production 
as: Maine, $2,703,116; Massachusetts, $2,216,258; Vermont, $1,245,828; Cali- 
fornia, $1,134,675; South Carolina, $996,084, and New Hampshire, $935,494. 

Sandstone.—The total value of the production during 1901 was $8,844,978, 
of which was used for building purposes, $4,875,973 ; for railroad ballast, $30,887 ; 
for road making, $130,503; for concrete, $123,957; for paving, $358,910; for 
riprap and rubble, $447,520; for curbing, $636,722; for flagstones, $1,026,499 ; 
for other purposes, including grind and whetstones, $1,214,007. The principal 
producing States rank in the order of production as: Ohio, with a total produc- 
tion valued at $2,576,723 ; Pennsylvania, $2,063,082; and New York, $1,331,327. 

Marble.—The total value of the marble produced during 1901 was $4,965,699, 
of which that used for building purposes was $1,236,023 ; for ornamental work, 
$126,576; sold in the rough, $591,667; for interior work, $1,008,482, and for 
cemetery work, $1,948,892. 


SULPHUR AND PYRITES. 


THE production of sulphur in the United States during 1901 was 6,866 long 
tons, valued at $223,430, as compared with 4,630 long tons in 1900. The output 
by States in the order of importance was: Nevada, Idaho, Utah and Louisiana. 
The total quantity of sulphur produced in the United States has always been of 
insignificant proportions, as compared with the total consumption. More than 
400,000 tons of sulphur, including the sulphur content of pyrites are consumed 
annually in the manufacture of sulphuric acid. 


SULPHUR PRODUCTION, IMPORTS, AND CONSUMPTION IN THE UNITED STATES. 


Imports. 


Production. C 
onsumption. 
s alee (a) 
§ Sulphur. Crude. eee Refined. Totals. 
by 
Long | 1 Value | Long Long = Long ,| Long Long 
Tons. Value. per Ton} Tons. Value. Tons. Value. Tons. Value Tons. Value. Tons. Value. 


1897] 1,690 |$34,814 | $20°60 | 138,846 | $2,442,420] 319°00 | $7,950/148- 00) $3,887) 139,313 | $2, 453,757|140,809| $2 484,589 
1898] 2.726 | 59,754 | 21°92 | 159,790} 3,081,974] 507-:00 | 14,548/163-00| 4,391] 160,460| 3,100,913/161,772| 8,128,845 
1899] 1,565 | 33.585 | 21°46 | 140,841] 2.494.387] 3836-00 | 9.917/184°00| 4,519] 141,361] 2,508,823/142,449] 2,531,604 
1900} 4,630 | 102,091 | 22°05 | 166,457) 2,918,610] 628-00 | 17,437/243-00) 6,279] 167,828] 2,942,326/171,418] 3,030,922 
1901] 6,866 | 223.430 | 32°54 | 1'74,194| 3,261,397] 748-00 | 20,201|268°00| 6,308] 175,210] 3,287,906/182,076| 3,511,386 


(a) In calculating the consumption of sulphur the exports were taken into consideration, although they do 
not appear in the above table, viz.: 1897, 194 long tons ($3,982); 1898, 1,414 long tons ($31,822); 1899, 477 long 
tons ($10,804); 1900, 540 long tons ($13,495); and 1901, Nil. ‘ 

Market.—The average monthly price of seconds and thirds during 1900 and 


1901 is given in the subjoined table :— 


AVERAGE PRICE OF BRIMSTONE PER LONG TON IN NEW YORK. 


1900. 1901. 1900. 1901. 1900. 1901. 

Month. g a 4 a Month. Z B g i: Month. 2 a 2 a 

5 iS ° £ ) = i) 2 8 a 8 KSA 

B iS D i 3 a D i 3 fa D a 

wm & MD <a mM B MD isa) i) aH o2) al 
January..|$21°79|$19°79| $2267 |$20°67||May....... $2150 $1950) $2669) $24'69| |\September $23°73| $2163 $22°75|$19°75 
February] 21°97) 19°78) 22°44) 20°38)|June....... | 21:00; 18°97} 22°40} 20°35|;October...| 23°00} 21°25) 24°69) 21°31 
March ...| 21°87} 19°07| 25°30! 23°30||July....... 21°16} 19°16) 22°50} 19°92||November.| 22°50) 19°94) 26°25) 22°50 
April.....| 21°37} 19°31) 22°06) ea August... | 22°58; 20°25! 22°50! 20°50|| December. aes 20°05) 24°25) 21°25 

| | | 


Average for 1900: Seconds, $22°05; thirds, $19°89. Average for 1901: Seconds, $23°71; thirds, $21°22. 


WORLD’S PRODUCTION OF SULPHUR. (@) (IN METRIC TONS.) 

Year Austria| Franc ry | Ger 7|Greec sSié i United 
ar. Austria] F ce.| Hungary| Germany|Greece.| Italy. Japan. | Russia.| Spain. |Sweden States 
a Ske a PI) eta fre CO ENA Cais se iN eer aCe typ ei) . bela ees ¥ 
TS9G sora ' a eter 643 9,720 138 2,263 1,540 426,353 12,540 437 1,800 V7 3,861 
EBO Tsoi ses 530 10,723 112 2,317 358 496,658 12,013 574 6b 3,500 Nil. 1,717 
ditch? lope reer 496 9,818 98 1,954 135 502,351 10,339 1,018 3,100 50 2,770 
1090. Sakina’. 555 11,744 116 1 6638 1,150 563,697 | 10,241 451 1,100 Nil. 1,590 
LOOO totais 862 | 11,551 123 | 1,445 891 | 544,119 14,485 (e) 750 70 4,704 


(a) From the official reports of the respective governments. The sulphur recovered as a by-product by the 
Chance-Claus process in the United Kingdom, amounting to about 31;000 long tons in 1898 is not included. 
(b) Crude. (c) Raw mineral; limestone impregnated with sulphur. (d) Crude rock. (e) Statistics not yet 


published, 


094 THE MINERAL INDUSTRY. 


Australasia.—During 1900 there were produced 1,692 long tons of sulphur 
in New Zealand, the product being consumed by the sulphuric acid makers of the 
State. 

Chile-—The sulphur deposits at Taltal are being actively worked by a native 
company. It is reported that 60 men were employed during 1901. A company 
capitalized at $40,000 has been formed at Iquique to exploit the sulphur deposits 
in that vicinity, the product to be utilized at the nitrate works in Tarapaca and 
Atacama in the manufacture of blasting powder and in the extraction of iodine. 
The deposits are at an elevation of 3,500 or 4,000 m. and can only be worked 
during the summer months—from October to April. The location renders it very 
costly to transport the material to the railroad terminus, although the air-line 
distance is only 80 km. 

Canada.—A large deposit of sulphur is reported to have been found on the 
Skeena river, B. C., and arrangements are being perfected to exploit the property 
with the view of shipping the product to Victoria and other Sound ports. 

Greece.—Sulphur is found on the Island of Milos at Phyriplaka and Tsakis- 
tras as impregnations in weathered trachyte and at Phirlingos as irregular masses 
in porous sandstone (millstone). The earthy sulphur of Phyriplaka is used 
principally in grape culture, while the hard ores of Phirlingos are treated in 


distillation furnaces. At present there are five furnaces in operation all owned 


by La Société des Naraux Publiques et Communaux, and the annual production 
amounts to about 1,000 tons, which is consumed in the manufacture of sulphuric 
acid. 

Italy—The Trabonella Sulphur mines have recently been equipped with com- 
plete modern mining machinery. The old pillar method has been supplanted 
by the long wall system. A 600-H.P. Dawson gas engine motor driving six 
electric motors furnished hght and power. Hoisting is accomplished by a 60-H.P. 
three-phase motor, giving a speed of 4°2 per second with an unbalanced load of 
2°375 kg. A conical drum and a two-deck cage are used. Rich deposits of sul- 
phur have been reported in the Comitini district, at the Cannarella mine near 
Castrogiovanni, and in the Agira district. It is reported that prospecting 
operations have been carried on satisfactorily. 


SHIPMENTS OF SULPHUR FROM SICILY TO THE UNITED STATES. (IN LONG TONS. ) 


1895. 1896. 1897. 1898. 1899, 1900. 1901. 

Port. Cec aaa eS eae ee re eer ee 

wn 2) S Hn 3 B n w =) a 

Bodie heen hee al eh ce tra |e Pen ce ee Beate 

3S | 4 3 a 5 HE 3 a are pars S RE > | 2 

NM ial MN = NM B MN a NM = io] <) N a 
New York.......... 35,888} 19,975) 50,557) 17,796} 57,174} 13,300) 49,614, 22.475) 56,746} 26,650) 70,446} 24,3807] 72,104) 19,631 
Charleston......... 700} 8,450) 2,380) 5,370} 1,500} 3.630 DOO clROOW scrcecundicair intel coe ce micas| Snlearcet |e teeste ca alah cours 
Philadelphia....... 1,200} 7,150} 500} 5,500 199} 5,210] 1,200) 5,400} 2.740) 8,000] 1,600) 5,100) 2,300) 9.595 
Baltimore..ee...... 1,100} 8,620} 3,650] 10,500) 3,798] 10,033} 2,350) 12,015] 3,800) 8,600] 6,800) 5,400) 7,550) 2,900 
Boston.c20 660s. 2.350| 2,600] 4,600] 700) 7,220} 1,000] 4,500) 1,550) 600| 1,000} 1,500] 2,500} 3,497] 3.200 
Savannah.......... 3,784 800} 8.370) 1,025] 4,700])...... FARO Ta aeceh aR aes) Pema S| Tar TOU Neier certs oes 
Wilmington, N C..|...... 650} 1,260] 1,400|...... 1,550 SOS 31, BO eniceNe rails see tatosl ie ere ciel] Soe eaauucet oases oll meee ake 
New Orleans.......| 1,700}......| 2,100]...... BSA tere 500). 2,000)... ..-. S00) Soke. 3,000)... 1,400 
Portland, Me....... TBOO) cro ste 2,5B0).. oc. 4,343]. ..... 13,750)... VAS SOLON esos: 27,612)...... 21,990 ee: 
Other ports (@)..... 580} 2,380) 5,425) 1,290) 540} 600) 14.101, 3,200; 590)...... | 12,490)...... (i153 0) Freres 

|= Aas | | Sees —| Sar oe = 7% 

MOtals avast 48,602| 50,625) 81,842) 43,581 | 82,814) 35,323) 88,995, 49,440) 83.391| 45,050/122,198) 40,307 108,091 | 36,726 


(a) Norfolk, Mobile, San Francisco, Bangor, and Portland, Ore. 
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TOTAL EXPORTS OF SULPHUR FROM SICILY, 1893-1900. (a) (IN LONG TONS. ) 

Country. 1893. 1894. 1895. 1896. 1897. 1898. 1899. 1900. 1901. 
——- ES ) ——_____—— } ——_—_— 
Austria.:........-.. 10,169 11,494 12,170 13,799 | 15,993 15,796 | 18,519 21,594. 18,842 
Belgium. 3.600. 3 < 4,358 5,644 6,410 7,527 9,253 8,402 7,481 9,721 7,471 
HRANCCs ico wetioissce vars 89,736 56,932 69,696 76,739 84,895 88,657 96,043 103,647 74,394 
Germany........... 16,259 16,437 15,472 15,680 19,721 27,048 25,933 28,702 23,448 
Greece and Turkey.| 13,840 16,870 16,195 18,556 | 13,866 24,808 | 18,656 19,647 21,702 
Holland............ 2,957 2,365 3,335 3,834 3,599 5,646 6,408 18,595 10,848 
Tealy cere oes 54,486 49,895 49,349 54,009 43,052 | 62,652 | 87,280 | 101,073 74,516 
Porturales ci ee 14,545 8,670 14,562 12,001 7,054 8,257 | 12,269 10,937 11,335 
SAI ere sie tote ai 3,499 3,445 5,753 5,910 4,039 3,233 nevexe 6,187 2,979 
Sweden and Norway| 06,579 b7,887 b5,730 b14,540 | 611,226 | 612,831 | 612,476 622,681 24,486 
RUSSIANS sce le Se 19,730 17,977 17,962 18,752 17,532 12,285 19,211 22,090 15,110 
United Kingdom...| 27,453 22,165 24,043 21,913 24,520 26,983 25,038 23,973 22,464 
United States.......| 83,901 105,773 99,227 124,923 118,137 | 188,485 | 128,441 162,505 144,817 
Other countries.... 1.680 3,376 7,732 8,562 7,651 12,791 13,569 6,510 9,887 
Totals... 3%. 349,192 328,930 347,636 396,745 410,588 | 447,324 | 479,031 558, 162 462,299 
Stock in Sicily at 

end of year....... 210,665 | 198,513 | 203,756 | 222,999 | 240,867 | 248,023 | 277,098 | 221,204 | 302,410 


(a) From report of A. 8. Malcomson, New York. ©) Includes exports to Denmark. 

The Anglo-Sicilian Sulphur Co., with an authorized capitalization of 
£1,035,000, of which £607,200 has been issued, reports for the fiscal year ending 
July 31, 1901, a net profit of £106,644, after placing £8,500 to the reserve fund. 
Dividends to the extent of £34,335 were paid, and £36,403 was credited to the 
general reserve fund, which is now £119,245. This, with the capital guarantee 
fund, provides a reserve of £171,620, exclusive of £36,529 which has been set aside 
for depreciation of stocks of sulphur. The company renewed the contracts with 
the Sicilian sulphur producers for 5 years from July 31, 1902. 

Japan.—The production of sulphur in Japan during 1900 amounted to 
14,435 tons, valued at £31,000. The output was derived mainly from the 
provinces of Hokkaido, Rikuzen, Asumi and Shenaro. The imports of Japanese 
sulphur into the United States during 1901 amounted to 10,705 long tons, 
valued at $206,899. 

Russia.—Sulphur deposits have been reported near Damba and Shiik, on the 
road to Askahbad (Kara-Kum), as well as in the vicinity of Kukurtinsk, be- 
tween the railroad stations of Balla Ishem and Mulla Kara. During the last 
few years some several thousand tons of sulphur were obtained from the Kara- 
Kum district. A Belgian syndicate is about to exploit these deposits on a large 
scale. | 

Venezuela.—The German Venezuelan Sulphur Co., with a capital of 2,000,000 
marks ($476,000), is actively at work setting up the aérial cable by which the 
sulphur will be carried from the mine, near Carupano, to the port, a distance 
of about 18 km. The landing wharf is finished and the managers await only 
the termination of the wire-rope railroad to begin loading on a large scale. 


PYRITES. 


The production of pyrites in the United States during 1901 was 234,825 
long tons ($1,024,449), as compared with 201,307 long tons ($684,478) in 1900. 
In spite of this large increase the demands were far in excess of all records. It 
now seems out of the question materially to increase the tonnage mined in the 
Eastern States, and as there have been no new developments of properties nor 
any increased developments of mines in Massachusetts, Virginia and Georgia, 
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the condition exists that foreign pyrites must be consumed in a greater proportion 
than ever before. This means that the prices will be steadied to a point where 
it will become possible to open up new sources of pyrites to meet the greater 
demands for manufacture of fertilizers, the refining of oils and general chem- 
cal use. 

The most available supply of sulphur at present and most generally distributed 
over the country where consumption of acids is greatest is the zinciferous sulphur 
ores of Arkansas, Missouri, Kentucky, Kansas and other States. Millions of 
tons of these ores are obtainable and can be brought to common centers for ex- 
traction of their sulphur content, yet up to the present time only three plants have 
been established for this purpose, viz.: at Peru and Peoria, Ill., and at Argentine, 
Kan. By the use of specially constructed mechanical furnaces it is possible to 
save from 25 to 28% of the sulphur in these ores, bringing the cinders down to 
about 2% §$, and a subsequent roasting in a Falding or Chase furnace will fit 
the material for extraction of the zine by cheap methods. The coming year 
promises the installation of other roasting plants, so that doubtless the tonnage 
of sulphur from pyrites will be largely augmented by the utilization of the 
sulphur from zine sulphides, thus keeping the balance between domestic and 
foreign sulphur ores to its present ratio, 

The industrial activity of the United States is responsible for the enormously 
increased demand for sulphuric acid, and it is not difficult to prognosticate that 
should prices remain normal as at present, within a few years the demand for 
sulphuric acid of inland consumers will be supplied in a large part from domestic 
zine and other sulphide ores. 

The largest consumers of sulphuric acid,—the Virginia-Carolina Chemical 
Co., the American Agricultural Co. and the Standard Oil Co.,—now purchase 
ores, from which the acid is manufactured. Fully 90% of all the acid manu- 
factured in the United States is required for the different uses of these corpora- 
tions. 

The purchase in the United States of all domestic and foreign pyrites and 
other ores used for the sulphur content is practically in the hands of four trade 
combinations, and as the total purchases amount to approximately 500,000 tons 
annually, stocks of foreign ores can be accumulated at the seaboard and shipped 
inland in quantities to secure lowest freight rates; the importation of foreign ores 
is favored and but little incentive is left to develop domestic mines of uncertain 
character. 


PRODUCTION, IMPORTS AND CONSUMPTION OF PYRITES IN THE UNITED STATES. (d) 
(IN TONS OF 2,240 LB.) 


Production. Imports. Consumption. 


133,368 $404,699 259,546 $847,419 392,914 $1,252,118 
191,160 589,329 171,879 % 544,165 363,039 1,133,494 
178,408 583,323 810,008 7 1,074,855 488,416 1,658,178 
201,317 684,478 329,449 7 1,089,693 530,766 1,774,171 
234,825 1,024,449 403,706 7 1,415,149 638,531 | 2,439,598 


(a) These statistics do not include the auriferous pyrites used for the manufacture of sulphuric acid in Colorado. 


Market.—The heavy consumption of pyrites by makers of sulphuric acid for 


. 
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the fertilizer trade favored an increased domestic production and larger imports 
than in 1900. Prices were firm as the important consumers make season contracts 
in advance. In Virginia producers quoted f. o, b. Mineral City $490 per long 
ton for lump ore, and $420 for fines (basis 42% 8). Massachusetts miners 
quoted f. o. b. Charlemont $5@$550 for lump ore, and $4°75@$5 for fines. 
A prominent importer at New York contracted for the output of some Spanish 
mines and subsequently made good-sized contracts with consumers in the United 
States. The ocean freight from Huelva, the leading shipping port in Spain, 
fluctuated between $1:92 and $2°34 per ton to Atlantic ports. Spanish pyrites 
sold here at 12@14e. per unit of sulphur. The imports of Spanish and other 
pyrites into the United States in 1901 totaled 403,706 long tons, as against 
329,449 tons in 1900. 

Georgia—The Durgey property, near Villa Rica, owned by the Virginia- 
Carolina Chemical Co., has been brought to the producing stage and promises 
to be a steady shipper of high-grade pyrites. ‘There are several prospects which 
have been developed more or less, one of them in Harrelson County,—the Gamble 
mine,—and one of them in Carroll County, from which several thousand tons 
have been raised to the surface, but no shipments of consequence have been made. 

Massachusetts—The Davis mine was the only producer and has kept up its 
record for steady shipments and uniform products. All this ore is marketed near 
at home, and in this respect is and has been an exceedingly favorable mine proposi- 
tion. 

New York.—(By W. H. Adams.)—The Stella mine, at De Kalb Junction, 
was a producer for only a few months during the year. The deposits were opened 
only to supply the actual demands up to the time when the mine was closed. ‘The 
shipments were about equal in tonnage, the lump ore averaging about 35% and 
the concentrates averaging about 48% S. The machinery is not up to modern 
requirements, and this property, a very promising one, deserves development 
and working on a large scale. Every ton to be produced from this mine can be 
marketed within a short distance, and there is a constantly growing trade con- 
nected with sulphite pulp mills which could be handled from this location. 

Virginia—(By W. H. Adams.)—The Arminius Chemical Co., the Pyrites 
Mining & Chemical Co., and the Sulphur Mineral & Railroad Co. operated the . 
mines in Louisa County during 1901 and, with the Detrick mines, near Quantico, 
Prince William County, produced about 145,000 tons. 

Domestic Consumption of Sulphur and Pyrites.—The use of iron pyrite as 
a raw material in place of sulphur for the manufacture of sulphuric acid con- 
tinues to increase steadily. By far the greater part of the sulphur consumed 
in the United States is used in the manufacture of paper stock by the sulphite 
process. The wood pulp is digested under pressure with sulphurous acid or 
the acid sulphite of calcium and magnesium, which, reacting upon the hgnin 
and other incrusting material of the fiber, transforms them into soluble products 
which are subsequently removed in the liquor. 

The increased use of pyrites for acid making has been due very largely to 
the development of the sulphite wood-pulp industry for the manufacture of 
paper in which sulphur is used. There is but one sulphite mill in the United 
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States using pyrite in place of sulphur in the treatment of wood pulp, although 
in Europe a considerable quantity of pyrite is utilized for this purpose. Another 
important factor has been the increased production of phosphate: rock from 
Florida and Tennessee and the domestic manufacture of superphosphates. For 
these purposes a chemically pure sulphuric acid is not essential, and that’ made 
from pyrite serves the purpose equally as well as that made from sulphur. 


Ah 


CONSUMPTION OF SULPHUR IN THE UNITED STATES. (IN TONS OF 2.240 LB. ) 


1899. 1900. 1901. 


Domestic production of sulphur 1,565 4,630 | 6,866 
Imports of brimstone 159,790 140,841 166,457 175,210 


PROCAA eee ecient : 162,516 142,406 71,087 | 183,076 
Exports of brimstone 1,414 477 540 Nil. 


161,102 141,929 170,547 182,076 
157,880 139,090 167,136 178.434 
191,160 178,408 201,317 234,825 
171,879 310,008 829,449 403,706 


Sulphur in domestic pyrites at 44% 84,110 78,500 88.579 | 103,323 
Sulphur in foreign pyrites at 47% 80,7 145,704 154,841 189,742 


164,889 224,204 243,420 | 293,065 
157/880 139,090 167,186 |  478°484 


Grand total 322.769 363,294 410,556 471,499 


In the above table the imports and exports are for crude sulphur or brimstone only : the figures of con- 
sumption, therefore, differ slightly from those given in the preceding table on page 593. 


WORLD'S PRODUCTION OF PYRITES. (a) (IN METRIC TONS.) 


1 1 oe 


Belgium. | Bosnia. | Canada, | France. | Germany. Hungary. Italy, |N ees a 


2,000 80,586 282,064 129,168 52,697 45,728 27,712 
8,670 35,299 303,448 133,302 44,454 58,320 33,316 
240 29,228 310,972 136,849 58,079 67,191 33,100 
430 25,117 318,832 144,623 79,519 76,538 81,500 
1,700 36,316 805,073 169,447 87,000 71,616 (b) 33,000 


: ited 3 
Portugal. | Russia. Spain. Sweden. Rae tee Totals. 


11,550 464,882 1,009 10,178 117,782 1,440,072 

19,380 217,545 517 10,758 128,468 1,295,046 

24,570 260,016 386 12,302 194,219 1,465,086 

23,251 319,285 150 12,426 181,263 | 1,584,511 
845,380 | (&) 25,000 356,018 179 12,484 204.538 1,743,011 


(a) From the official reports of the respective governments except the figures for Spain in 1897, which are 
taken from C. Le Neve Foster’s report. (6) Estimated. (c) Not reported. Under Portugal is included only 
the output of pyrites carrying less than one per cent. of copper. Considerable amounts of the richer sul- 
phides are also used in sulphuric acid manufacture. In completing the totals the output in 1896 is estima- 
ted at 200,000 metric tons. (d) Does not include the production of copper-iron pyrites, from which the 
copper is extracted in Spain. 


Sulphuric Acid—The average prices of chamber and concentrated sulphuric 
acids in 1900 and 1901 are given in the subjoined table, which has been compiled 
from The Engineering and Mining Journal :-— 


Conc. Acid. Chamber Acid. Cone. Acid. Chamber Acid. 
66° B. per 100 Lb. 50° B. per Ton. Month 66° B. per 100 Lb. 50° B. per Ton. 


1900. 1901, 1900. 1901. 


Month. 


$14-00 $14°00 
14°00 14°00 
14°00 14°00 
14°00 14°00 
16°00 14°00 
16°00 14°00 


14°27;5| 14-3814 


$16° 162 
15°123 September... 
14°00 : October 
14°00 November ... 


14-00 
14:00 December.... 


ao or oe 


Average ...| 
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PROGRESS IN THE SULPHURIC ACID INDUSTRY DURING 1901. 
By F. J. FALDING. 


THE year 1901 has been characterized not so much by any startling novelty 
in the manufacture of sulphuric acid as by earnest work looking to the improve- 
ment of the technique, both of the old chamber process and the contact process. 

In Germany, exceedingly important papers have been published, the one a 
masterly treatment of the manufacture of sulphuric acid by the contact process, 
by Rudolf Kneitsch,' of the staff of the Badische Anilin und Soda Fabrik, which 
is given in full detail later in this section; another, by Fr. Luty and H. H. Nie- 
denfuhr,? being a discussion of the comparative costs of production of sulphuric 
acid by the contact process and modern lead chamber processes; also one by 
Dr. Theo. Meyer, on “The Reform of the Chamber Processes.* 

In France, L. Pierron has supplemented his valuable report to the International 
Congress of Apphed Science, of Paris, fully quoted in THe MINERAL INDUSTRY, 
Vol. IX., by a special paper relating to the manufacture of sulphuric acid by the 
vontact process.* 

These interesting papers are so remarkable for careful thought and so frank 
in their disclosures of the results of costly and laborious experiment and ex- 
perience as to make the year remarkable if nothing else had been done. 

The Contact Process—Dr. Kneitsch, by means of an examination of the 
history of the contact process, shows how failure followed failure until the quanti- 
tative conversion of sulphurous into sulphuric acid was regarded as absolutely 
hopeless; how finally “the surprising discovery was made that there are sub- 
stances which can even in exceedingly minute quantities diminish the catalytic 
action of the platinum to an extraordinary extent.” He further states that “the 
harmful action of arsenic alone, for example, was found to be so great that even 
in quantities amounting to only from 1 to 2% of the platinum contained in the 
contact mass it sufficed to render it entirely inactive.” Even with this certain 
knowledge of the cause of failure, success still seemed to be hopeless, as at that 
time the entire removal of the arsenical fumes from the burner gas was con- 
sidered technically impossible. Finally after years of “enormous expenditure 
of time, trouble, money and patience, experiment following experiment, the so- 
lution of the problem was found,” so that now it is “quite possible to rid the 
burner gas completely of all its impurities by subjecting it, after suitable treat- 
ment and cooling to a systematic and continued intimate contact with water or 
sulphuric acid. The manner in which the intimate contact with purifying liquids 
is obtained is a matter of indifference so far as the final result is concerneds 
For example, extensive washing and moist filtration alone or in combination are 
found to be equally effective.” 

Dr. Kneitsch states here that after the complete purification of the burner gas 
seemed to have been arrived at a gradual deterioration of the contact mass still 


1 Berichte der Deutschen Chemischen Gesellschaft, No. 17, Dec. 28, 1901. 

2 Zeitschrift fuer Angewandte Chemie, No. 11, March 18, 1902. 

3 Zur Reform des Bleikammer processes, Zeitschrift fuer Angewandte Chemie, No. 50, 1901. 

4‘‘Tq Fabrication de I’Acide Sulfurique” (Hist.: des procedés par contact), Revue de Chimie Industrielle 


(2), Vol, XII, No. 148, April, 1902. 
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took place. This was at last found to be due to the action of the acid formed 
in the cast-iron cooling pipes by which small quantities of arsine (As,H) were 
formed. After the cooling pipes were protected from the action of the acid 
“the activity of the contact mass remained unchanged.” Dr. Kneitsch also states 
that there is not the least difficulty in obtaining a quantitative conversion of SO, 
into SO, without pressure of any kind; a fact of great importance in practice. 

With regard to the absorption of the SO, Dr. Kneitsch states the remarkable 
fact that only sulphuric acid of from 97 to 98% H,SO, will absorb SO, in- 
stantly and completely. His researches into the action upon iron of sulphuric acid 
of various strengths are technically invaluable—to use his own words: “on these 
observations we have based a method for the production of sulphuric acid almost 
absolutely free from iron.” Probably, however, the most interesting part of the 
result of experiments recorded is that relating to the temperature at which the 
contact reaction takes place. On heating the contact oven containing platinized 
asbestos the rapidity of the reaction increases, so that at from 380 to 400°C. 
nearly all the SO, is found to: be converted into SO,. From 400 to 430°C. 
the reaction remains nearly uniformly quantitative, a conversion of 98 to 99% 
being maintained. From this point the curve falls, but not as rapidly as it 
rose before. At 700 to 750°C. only about 60% of the SO, is converted, and at 
900 to 1,000°C. no reaction can any longer be detected. After describing vari- 
ous experiments, Dr. Kneitsch states: “As the important result of these experi- 
ments we have found, then, a line of stable equilibriums which divides the whole 
range of temperatures into two divisions. Temperatures below 200°C. and above 
900 to 1,000°C. may be regarded ag resulting in no technical reaction ; between 
200 and 450°C. the formative reaction preponderates, while above this the 
decomposition of the sulphuric anhydride rapidly becomes prominent. From 
these facts important technical conclusions can be drawn; for, even if the 
boundary line has been determined for one particular technical gas mixture, the 
various modifications occurring in practice will scarcely have a very great influence 
in the position of this stable equilibrium. Further, it is evident that this tem- 
perature boundary line must be, theoretically and practically, independent of the 
kind of contact material, from which it follows that only such contact substances 
will be capable of bringing about an approximately quantitative reaction in a 
single operation as have their highest activity at the temperature of the zone of 
formation, that is, under about 450°C. All contact substances that develop their 
maximum power only beyond this temperature will never be able to bring about 
a quantitative yield, however long they remained in contact with the gases. At 
present there is only one contact substance which fulfils these conditions, namely, 
platinum ; nor can this be replaced by any of the other metals of the platinum 
group, even with approximately good results.” 

Dr. Kneitsch adds the following statement of the yearly growth of the manu- 
facture of sulphuric acid in terms of sulphuric anhydride at the works of the 
Badische Anilin und Soda Fabrik: 1888, 18,500 tons of SO,; 1894, 39,000 tons; 
1899, 89,600 tons; 1900, 116,000 tons. Dr. Kneitsch also gives some hitherto un- 
published and very precise and complete descripticns of the physical and chem- 
ical properties of different strengths of sulphuric acid. 
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In connection with Dr. Kneitsch’s statement regarding the reaction tempera- 
ture and the line of stable equilibrium of SO, and his conclusion that platinum 
contact mass is the only contact substance “capable of bringing about an ap- 
proximately quantitative reaction in a single operation,” it is interesting to read 
Mons. Pierron’s conclusions on the subject of the technical production of sulphuric 
anhydride. 

“There is a difference of opinion amongst technical men on the subject of the 
‘modus operandi’ of obtaining the most economical results. The object being to 
convert the greatest possible quantity of SO, into sulphuric acid. There are 
two methods which can be used :— 

“First, to regulate the temperature of the contact oven in such a way that only 
a very small quantity of SO, will escape unconverted. 

“Second, to follow the ordinary contact oven (from which a considerable quan- 
tity of SO, is allowed to escape unconverted) by one or more contact ovens in 
series in which the SO, escaping from the first oven is converted into SOs. 
These secondary ovens can either contain the same contact substance or sub- 
stances having a different contact action.” 

This last plan, 7.e., the combination of several ovens in series has recently been 
recognized as technically the most practical, as is proved by the fact that 
certain concerns such as the Verein Chemische Fabrik Mannheim, The Badische 
Anilin und Soda Fabrik, Meister Lucius und Bruning after having in their 
early patents treated the operation as complete in a single catalytic reaction, 
have in their recent patents described the use of a series of apparatus as being 
advantageous. 

The four contact plants erected early in 1901 under the Grillo-Schroeder 
patent,® after meeting with difficulties natural to new processes and novel and 
untried conditions, are stated to be working regularly and producing a satisfactory 
yield of acid. Other works are about to be established. Of these four plants 
cne is using the waste gas from roasting zine blende; two are using arsenical 
Spanish fines, and one highly arsenical gold and silver concentrates. It is not 
necessary to say that more difficult raw materials to handle could not well have 
been selected, and the ultimate success of these plants therefore is all the more 
satisfactory. 

A steady improvement has been made especially in Germany in the various 
parts of the chamber plant, especially in the accuracy of details tending to 
secure a complete functioning of the various apparatus. This is notably the case 
in the packing of the Gay-Lussac, Glover and intermediate towers and surface 
condensers, as also in the pumping and acid distributing arrangements and all 
details of construction and operation which tend to reduce the size of the ap- 
paratus and to secure a maximum production at a minimum of cost. 

The Meyer-Tangential chamber system, mentioned last year® as being in opera- 
tion at Harburg and Rensberg, in Germany, is now in operation in the United 
States at the works of Griffith & Boyd, in Baltimore, Md. ; 

I regard this system not only as being rational but also as being the first and 
only distinct advance in construction of the lead chamber proper. As erected 


6 THE MInrnat INDUSTRY, Vol. IX., p. 617. 6 Ibid., p. 618. 
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in Baltimore, with the exception of some cooling pipes inserted into the roof of 
the first chamber, these chambers are perfectly plain and without any adventitious 
aid such as fans, surface condensers, etc. The system consists of a set of lump 
burners, Glover tower—three cylindrical chambers 30 ft. diameter by 34 ft. high 
with tangential gas connections at the upper periphery and bottom central outlet, 
with a small preliminary cooling tower, and final Gay-Lussac tower. During the 
summer weather these chambers are working at the rate of not less than 10 and’ 
not more than 11 cu. ft. of space to 1 lb. of sulphur burned; the yield is excel- 
lent, and while at this particular plant the consumption of nitrate of soda is 
too high, both the results obtained in this respect in Germany and the rationale 
of the process would tend to show that such high consumption of nitrate of soda 
is unnecessary and is due either to some defect in construction or operation. 
When it is considered that to approach or equal these results either the skilled 
management necessary for “marche intensive” or costly apparatus such as fans, 
surface condensers or Lunge intermediate towers must be made use of, the 
economy of construction becomes evident with a consequent economy of land, 
buildings, repairs, amortization and interest. On the other hand if this system 
were used in connection with the above appurtenances it is difficult to surmise 
just what the output of such a plant would become. 

The most recent proposition for the manufacture of sulphuric acid is that of 
C. B. Jacobs,” assignor to the Ampere Electro-Chemical Co., of Jersey City, N. J. 

Mr. C. P. Townsend® states that “Faraday and a host of subsequent experi- 
menters have investigated the electrolytic oxidation of sulphur dioxide in aqueous 
solution, and have found that under normal conditions one-half the oxide under- 
goes oxidation to sulphuric acid at the anode, the remainder appearing as sulphur 
or hydrogen sulphide at the cathode. In 1895, however, Dr. Leonard Wacker 
succeeded in rendering the oxidation quantitative by the concurrent use or pro- 
duction of carriers of oxygen, such as the persulphates, or even the halogens. 
Mr. Charles B. Jacobs now finds that the same result may be accomplished by 
a judicious application of the principle that oxidation is facilitated by a con- 
centrated solution and low current density at the anode. In Jacobs’ apparatus 
the anode is a porous composition through which the gas is injected in a continu- 
ous stream into the cell; and the anode area is 33 times that of the cathode. In 
the apparatus used the vessel is provided with horizontal electrodes and an inter- 
posed diaphragm. The porous anode constitutes a partition near the base of the 
cell, and into the lower compartment so formed sulphur dioxide is injected 
through the pipe, passing through the previous anode and undergoing oxidation 
therein. An outlet is provided for withdrawal of the sulphuric acid when the 
hydrometer shall indicate that the desired density has been reached. <A re- 
frigerating jacket is provided in order that advantage may be taken of the in- 
creased solubility of sulphur dioxide at 0°C. 

“Jacobs, like Wacker, finds that by continuously injecting sulphur dioxide, the 
sulphuric acid may be brought to standard concentration. The electrolytic 
efficiency is given as 54%, with a potential difference of two volts and a current 
density of 15 to 20 amperes per sq. ft. of anode surface.” 


7 United States Patent No. 704,831, 1902. 8 Electrical World and Engineer. 
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The following tables have been compiled and calculated by Mr. F. J. Falding 
from the tables of the United States Manufacturing Chemists’ Association and 
other authorities. 


TABLES FOR SULPHURIC ACID CALCULATIONS. 


Weight : 
Bé. - of Per Cent,| Pounds | per Cent.| Per Cent.|Per Cent. Pounds Per Cent.| Pounds. 
U.S Sp. Gr. Gee OLY, OnVeun SO H.SO 60° 60° in 50° 50° in 

Cae Lb ie aye 1 Cu. Ft. 3° ets : 1 Cu. Ft. : Cur kt: 

0 1:000 62°27 0°00 0°00 

1 1:007 62°81 1°00 0°63 : 

2 1:014 63°24 2°50 1°58 s 

3 1021 63°68 3°66 2°33 39 

4 1:028 64:12 5°00 3°21 = 

5 1:036 64°62 6-00 3°88 = 

6 1°043 65°05 7 00 4°55 e 

vi 1°051 65°55 8-00 52k 2 

8 1.058 65:99 9°00 5:94 i 

9 1°066 66°49 10°25 6°82 f) 

10 1°074 66°99 11.50 7-70 = 

11 1:082 7°49 12°50 8°44 5 

12 1-090 67°98 13°60 9°25 

13 1:098 68°48 14°70 10°07 CS 

14 1:107 69°04 16°00 11°05 ND 

15 1°115 69°54 17°00 11°82 Pt 

16 1°124 70°10 18°25 12°79 a 

17 1:138 70:67 19°60 13°85 q 

18 1°442 71:23 21°90 14°96 mR 

19 1°15) 71°79 22°00 15°77 + 

20 1°160 72°35 23°25 16°82 s 

21 1°169 72°91 24°50 17°86 < 

22 1°179 73°53 26°00 19°12 © 

93 1°188 74°10 27°25 20°19 By 

Q 1°198 74°72 28°50 21°30 q 

25 1:208 75°84 30°00 22°60 m 

26 1°318 15:97 31°25 23°77 n 

Q7 1°229 76°65 32°75 25°10 o 

28 1°239 77-28 34-00 26:28 s 

29 1°250 77:96 35°50 27°68 5 

30 1:361 78°65 37°00 29:10 g 

31 1-272 79°32 38°37 30°44 i 

32 1°283 80°02 39°75 31°81 = 

33 1°295 80°77 41°25 33°32 2 

34 1°306 81°46 42°62 34:7 3 

35 1°318 82°20 44-00 36°17 i 

36 1°330 82°95 45°50 37°74 H 

37 1°342 83°71 47°00 39°34 & 

38 1°355 84°51 48°50 40:99 

39 1°368 85°32 50°00 42°66 

40 1°381 86°13 51°50 44°36 39-308 | 48-152 62°05 58°44 7744 66°7' 

41 1°394 86°94 53°06 46°08 40°458 | 49-555 63°85 55°51 79:7 69 29 

42 1°408 87°82 54°50 47°86 41-597 50°957 65°66 57°66 81:95 71°97 

43 1°421 88°63 56°00 49°63 42-743 52°360 742 59°80 84°21 74°64 

44 1°436 89°56 7°50 51°50 43°887 53-762 69°28 62°05 86°47 77°44 

45 1°450 90:44 59°00 53°36 45°038 | 55°165 71°08 64°28 88°7 80°24 

46 1°465 91°37 60°50 55°28 46°17 56°567 72°89 66°60 90° 98 83°13 

47 1479 92°25 62°00 57-20 47-328 57-970 74°70 68° 9) 93°28 86:00 

48 1°495 93°24 63°50 59°21 48° 467 59-372 76°50 71°33 95°49 89°03 

49 1°510 94°18 65°00 61°22 49-612 60°75 78°31 73% 97°74 92°05 

50 1°526 95°18 66°50 63°29 50° 757 62°17 80°12 76°26 100°00 95°18 

51 1°542 96:17 68°00 65°40 51-902 68 580 81°93 78°7 102° 26 98°34 

52 1°559 7-23 69°70 67°77 | 537199 65° 169 83°98 81°65 104°81 101°91 

53 1°57 98-3 71-30 70°09 54420 | 66-665 85°90 84°44 10722 105: 40 

54 17593 99°36 73,00 72°53 55°718 68° 225 7° OB 87°39 109°7 109°07 

5D 1°611 100-48 74°60 74°96 56°940 69-751 89°88 90°31 112°18 112°7 

56 1°629 101-60 76°20 77-42 58° 161 T1247 91°81 93°28 114°59 116°42 

57 1°648 102°7 778% 80°40 | 59°435 72°808 | 93°82 96°44 117710 120°37 

58 1°666 103°91 79°50 82°61 60°67 74-332 95°78 99°52 119°55 124-22 

59 1°686 105-16 81°30 85°50 62° 053 76° 015 7°95 108° 00 122° 26 128°57 

60 1°706 106°40 83:00 88°31 63851 7-605 100°00 196° 40 124°81 12°80 

61 1°726 10765 85:00 91°50 64°87 79°475 102°41 110°24 127°82 137760 

62 1:°747 108°96 87°00 94°80 66°404 81°345 104°82 414°21 130°88 142°55 

63 1°768 10°27 89:00 98°14 67° 931 83°215 107°28 118-24 133°83 147-57 

64 1°790 111°64 91°62 102° 29 69:930 | 85:665 110°39 123°24 137°77 153°81 

64:5 1:801 112°33 83°12 104°60 T1075 TOE lal IR aad oe Af eA OG ibe 

64°75 1°807 112-71 94:00 105°94 T1747 TRESS fies ce eecearl tines ese pesos sess fumronotees cateers 

65 1°812 113°01 94°70 107-02 72° 281 88°544 114°10 128°94 142°41 160°94 

iF 1°818 113°39 95°66 108°47 | 73:014 BOAO SE les ee dc loth coast ern Paar ueeares ha oorelerateterate 
1°824 113°76 96°86 110°12 73° 884 GO°508 [os ee ceaes[escteewees|aceeeceeee|enenen es 
1°830 114°14 98°33 112°23 75° 052 OPES in Maly eee a ear th be or ena Inner ned 
1°835 114°45 100°09 114°45 *6°3265 | 93°500 120°48 137°89 150°38 172-11 
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TABLES FOR SULPHURIC ACID CALCULATIONS.—Continued. 


Per Cent. PEE : Per Cent. par Per Cent. PBY . || Per Cent. 

SO Cent S03 Cent. | S03 Jent | 8 

Found by H SO. ‘a. || Found by H SO, “|| Hound by H SO. <7, || Found by 

Titration. arora: ok Titration. AS al aon ore Hid Ba fereye) KO) ale at ae eect Paton. 
ee i} 
| 


“7340 { | “9387 90° 0516 li y 95° 2244 
5509 : | 1224 : 90+ 2653 5s 47 || 95'4081 
3° 3673 ‘ 85° 3061 3 90°4489 | 52 48 || 95°5918 
+1836 g 85° 4897 ¢ 906326 5 ‘ 95° 7755 
9°9299 3 35 6734 P 90°8163. | 5 & 95° 9591 
8163 85° 8571 b 91° 0000 ‘ 5) 96° 1428 

| 3°0408 76 91° 1836 5% 96° 3265 

32244 i i 91 +3673 dé 96°5102 
3°4081 - 5 91°5510 | j é 96° 6938 
35918 ( 91° 7346 46 5d 96° 8775 
6320 ( 86° 7755 7 91-9183 | 56 97° 0612 
°8163 | 3° 9591 i ¢ 92°1020 £ t 97° 2448 
82°0000 | 3 | 1428 5 92° 2857 : 97 4285 
1836 é | “3265 if é 92° 4093 i! 97-6122 
“3674 j | +5102 32 92° 6530 0 |) 977959 
2° 5510 95 t 7° 6938 5 E 92°8367 | 3 | 6 97° 9795 
ieee 8775 16 é | 93° 0204 é i 98° 16382 
80612 i 3 93° 2040 : de 3469 
* 2448 36. | 93°3877 é j | 98°5306 
38° 4285 if 37 93°5714 © 3E “7142 
5° 6122 iy é 1}. 98°°%551 : De 988079 
“7959 j 3¢ 93° 9387 Be MY 0816 
9795 5 | 94°1224 33 j | 99-2653 
1632 5g | 94°3061 é if 99° 4489 

9° 3469 : 2 | 94° 4897 é ead 9° 6326 
5306 i ‘ 94°6734 8 8163 
9°7142 94° 8571 2 |} 100°0000 
“8979 5é E 95° 0408 ‘¢ 


Fuming Acids. 
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YIELDS IN POUNDS OR KILOGRAMS OF SULPHURIC ACID SOLUTION PER 100 LB. OR 
KG. OF AVAILABLE SULPHUR OR SULPHUR OXIDES ACTUALLY 
CONTAINED IN BURNER GAS. 
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GERSTER’S FoRMULA FOR MIXING A STRONG SOLUTION OF SO, WITH A WEAK 
SOLUTION OF SO, TO PRODUCE AN INTERMEDIATE SOLUTION OF 
SO, oF ANY DESIRED STRENGTH. 


K—10002” 
a—cC 


When X = quantity of weak solution required to mix with 100 parts of the 
strong solution. 

a = total SO, in 100 parts of the solution desired; > -= total SO, in 100 parts 
of the strong solution ; c= total SO, in 100 parts of weak solution. 

Approximate Calculation of Volume of Burner Gas at 32°F. and 29°92 in. 
(0°C. and 760 mm.).—1 cu. ft. of SO, weighs 0°1787 pound ay. (1 liter weighs 
2°86336 grams), and contains 0°1787+2—0:08935 lb. 8. Therefore, 1 lb. 
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sulphur burned in 24 hours produces 11°191942 cu. ft, of SO,, or 0:0077722 cu. ft. 
per minute: Therefore, neglecting SO, formed 


0°77722 X actual sulphur burned in 24 hours , _ 
( average per cent. of SO, in burner gas produced ) = 

cubic feet of burner gas per minute, or for 10,000 lb. of sulphur burned in 24 

hours (7,772°2+7:5)—1,036°3 cu. ft. per minute of burner gas containing 

75% SO,. 

To Correct for Higher Temperatures at Normal Pressure.—Co-efficient of ex- 
pansion of air = 0-003667= 54,5 and that of ordinary burner gas may be taken 
as slightly in excess of that of air (say s4;to sty) at O°C. and 760 mm. The 

O(N 
volume at t°C. is V ees or for 10,000 lb. S in 24 hours 75% SO, 
burner gas at 760 mm. and 100°C. (V as above=1,036'3 cu. ft.) 
1,086°3X100 


HYDRATES OF SO,. 

SO; =100:00% SOs. || SOst+ 2H,O=68'97% SO3. 
4803+ H,O= 94°68% SOs. SOg+ 8H_gO=59'70% SO3. 
2S80,+ He O= 89°80% SOs. SOst 5H,0=47:07% SOs. 
480.1 3H,O= 85°56% SOs. SO;-151H,0= 2°86% SOs, 


SO,-+ H,O= 81°63% SOs, 


SuLpHuric Acrip AND ITs MANUFACTURE BY THE CoNTAcT PROCESS. 


By R. KNEITSOH. 


Ir is hardly necessary to call special attention to the fact that the manufacture 
of sulphuric acid is a matter of the greatest industrial interest; for it is right- 
fully considered as the basis not only of inorganic chemical industry, but aiso 
in later years of the manufacture of organic dyes. In addition it is used in 
manifold industries. This is the case particularly in the manufacture of 
alizarin dyes, and most recently in the manufacture of synthetic indigo. 

When a complete revolution takes place in an industry of such importance, a 
presentation of these discoveries and proved principles which have made this 
revolution possible may be of interest. Briefly summarized the chief results 
as obtained by the Badische Anilin & Soda Fabrik are as follows: The chemicai 
reaction representing the production of sulphuric acid is an exceedingly simple 
one, and apparently chemistry plays only a subordinate part in it. This simple 
process is a very interesting and important example of a gas reaction which takes 
place only at high temperatures. The reaction between sulphur dioxide and 
oxygen, although it is exothermic, takes place only very slowly and for this reason 
it has always been the endeavor of industrial chemists to accelerate it by the 
use of catalytic substances. The old chamber process itself is based upon the 
use of a catalytically acting substance, as nitric acid or the lower oxides of 
nitrogen. 

There are also a number of solid contact substances which, however, act only 
at a higher POP peraee but because they are oa there is no loss of contact 


-1 A lecture aaa before the German Gheniea: Beuiety. Oct. 19, 1901. Translated by O. H. Ruhoff. ~ 
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material. Above all they exercise their catalytic action in the complete absence 
of water, producing not dilute H,SO,, as in the chamber process, but sulphuric 
anhydride itself. 


I. HistToRIcat. 


The historical development of the contact process may be divided into four 
periods, the first of which is opened in 1831 by the discovery of the catalytic 
action of platinum in the sulphuric acid process. The second period may be 
dated from the discovery by Mohler and Mahla in 1852 of the catalytic action 
of a number of substances and the clearing up of the mechanism of the reaction 
in the case of several catalysors. The third period was brought to life by 
Winkler, and is characterized by the use of certain particular mixtures of gases 
for the production of sulphuric oxide, which according to views held at that 
time, were particularly compounded for the quantitative production of anhydride. 
In the fourth period, finally, burner gases were again. made use of. 

The practical results to which these efforts tended, differed from each other 
in that the earlier ones, as also those of the fourth period, had as their object} 
the supplanting of its chamber process by means of catalytic substances, while 
the workers of the third period, after the great number of failures of their pred- 
ecessors, confined themselves to the production of fuming sulphuric acid which 
was at that time still very high in price. 

The discoverer of the catalytic action of platinum in general was Humphry 
Davy,? who announced in January, 1817, that heated platinum. wire, when 
brought into a mixture of oxygen or air with hydrogen carbon monoxide, 
ethylene, or cyanogen, etc., became heated to redness and that then the mixture 
purns sometimes slowly, often, however, rapidly. Edmund Davy discovered in 
1820 that finely divided platinum obtained by precipitating a solution of platinum 
with hydrogen sulphide, treating the precipitate with nitric acid, evaporating 
the solution and boiling the residue with alcohol, glowed in the air, the 
alcohol being consumed. Dobereiner found in 1822 that the residue obtained 
by heating ammonium platino-chloride when moistened with alcohol shows 
the same phenomenon in the air, and in 1823 that in the presence of air finely 
divided platinum ignites a current of hydrogen directed against it. Upon this 
fact Dobereiner based his famous lighting machine in 1824. The honor of having 
applied this catalytic action to the production of sulphur trioxide belongs, as 
before mentioned, to the acetic acid manufacturer, Peregrine Phillips, Jr., of 
Bristol, who took out an English patent* on his invention in the year 1831. 

Soon after, in the year 1832, two eminent German scientists, Dobereiner and 
Magnus‘ confirmed the discovery of Phillips. After Phillips’ discovery had 
remained idle for 17% years, the problem of the manufacture of sulphuric acid 


Tekst ts 


2 Kopp, Geschichte der Chemie, Vol. 3-4, p. 226. 3 English Patent No. 6,096, 1831. 

4 Mangus confirms, in Poggendorf’s Annalen, 24, p. 610, Phillipps’ assertion that sulphurous acid and 
oxygen, or air (the latter only more slowly), heated with platinum or, better, spongy platinum, may be con- 
densed to sulphuric acid, and Dobereiner says in the same journal at the end of a discussion on making of 
oxygen ethers by means of platinum black: ‘“‘ I have succeeded in condensing a mixture of two volumes of sul- 
phurous acid by means of hygroscopically moist platinum black.” Even though Dobereiner does not mention 
Phillips’ name it may be assumed with certainty that he, as well as Magnus, knew of Phillips’ discovery and 
the work of both of them was only intended to prove Phillips’ assertions. 
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without lead chambers was claimed as solved by the Belgian chemist Schneider,” 
who, as he stated, believed he had found in a specially prepared pumice stone a 
catalytic substance of high activity. This alleged discovery, though given to tne 
world with much ado,® never gave evidence of any success. The sanguine hopes 
of that period are evidenced by a portion of a letter which Clement Desorme 
wrote to Schneider in the year 1835, years after Phillips’ discovery. It reads 
literally as follows: “I am convinced that in at most 10 years it will be pessible 
te manufacture sulphuric acid on a large scale, out of its constituents, without 
lead chambers, nitric acid, or salts; do not lose courage, and direct your efforts 
toward this important end.” 

From this it is evident that the great object was plainly marked out even in the 
year 1835. 

Richard Lovering was just as over-sanguine as’ Schneider in the description 
of his discovery, for he too claimed to have discovered a process for the produc- 
tion of sulphuric acid without the use of lead chambers. Again pumice stone 
was said to be exerting its wonderful power, and prepared by being boiled in. 
concentrated sulphuric acid, then brought into ammoniacal water, dried, and 
thereupon treated with about 1% of MnO,. Then it was to be again treated in 
a retort to 600°F. and allowed to cool without access of air. Here, for the 
first time, is mentioned a different contact substance, which, like platinum, 
occurs in different degrees of oxidation, viz.: manganese compounds. But here 
too, a complete failure seems to have destroyed great hopes, as in Schneider’s 
ease. According to Dengler, Lamun’s patent was even a plagiarism on Schneider’s 
work. 

The English patent of 1846, by Jullian,’ deserves particular mention, because 
here the use of platinized asbestos is mentioned for the first time. Jullian in- 
tended to use this catalytic substance, which later became so important, among 
other things for the production of sulphuric acid. As forerunners of the second 
period there appears the beforementioned work of Lamun as also the experi- 
ments of M. C. Blondeau® (1849). The latter passed a mixture of sulphur dioxide 
steam and air through a glowing porcelain tube filled with clayey sand containing 
iron, and obtained sulphuric acid. 


5 Schneider exhibited before a Belgian committee a model apparatus in which he made sulphuric acid for 
a whole day by burning sulphur. The committee came to the following characteristic conclusions, based on 
Schneider’s claims and experiments: 


**(1) That according to Schneider’s method, sulphuric acid can be made without the use of nitric acid or 
nitrates. (2) That the yield of acid approaches the maximum _ hitherto reached in sulphuric acid plants. 
(3) That the committee is not acquainted with the method by which the property of combining sul- 
phurous acid with the oxygen of the airis imparted to pumice, so that it must confine itself to mentioning the 
inventor’s claim that his manner of preparing the pumice stone involves but a slight expense.’’ What the 
secret manner of preparing the pumice stone was. therefore, was not made public, but it is very probable 
that Schneider wanted to profit by Phillips’ discovery without mentioning it, but grossly deceived himself re- 
garding the discovery. In the year 1848, he says, for instance, regarding his alleged discovery: ‘‘ Of late the 
most eminent chemists, Gay-Lussac, Clement, Desormes, Dumas, Payen, Bussy, Chevallier, Peligot and others 
have been working on this discovery. But there is still lacking an apparatus enabling us to do without the 
lead chambers in the manufacture of this acid. I believe that I have solved this problem in its practical as 
well as its scientific aspect.” 


6 Schneider closes his experiments in the year 1848 with the words: ‘‘I believe that I have neglected noth- 
ing im achieving a result which isan important advance in the manufacture of sulphuric acid. My chief pur- 
pose was to construct an apparatus which can take the place of the lead chambers and the platinum stills. I 
have been completely successful in this.” 7 English Patent No. 11,425, 1846. 

8 Comptes Rendus, 29, 405, 1849. .Blondeau’s work was based upon an observation of Boussignault’s, who 
had noticed that sulphuric acid occurred in rivers in whose vicinity the gases of burning iron sulphide deposits 
had been converted into sulphuric acid by the heat of the combustion under the influence of clayey sand and 
slate. 
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Then came Mohler and Mahla’s discovery in 1852 that copper, iron and 
chromium oxides gave evidence of catalytic properties similar to spongy platinum 
and sheet platinum with a mixture of sulphurous acid and oxygen, and that 
mixtures of copper oxide and chrome oxide were particularly active. These 
investigators, too, gave even then a correct explanation of catalytic action, for 
they found that copper oxide and ferric oxide, heated without blast excess of air 
are reduced to cuprous acid and ferrous acid, with formation of sulphuric acid. 
As soon as the reduction is complete the formation of sulphuric acid stops. 
Chromic acid, however, remains entirely unchanged when heated with sulphuric 
acid without presence of air, and no trace of sulphuric acid is found. Metallic 
copper in the spongy form, or mercury, brought into a mixture of two volumes 
of sulphurous acid and one volume of oxygen, have no action on each other. 
If, however, heat is applied, then, when copper is used there is first formed 
copper oxide and only then sulphuric acid. The two investigators further pointed 
out that the presence of moisture in the gases is not necessary for the formation 
of sulphuric acid. These important observations are the foundation of the later 
investigations of Lunge in the catalytic action of burnt pyrites, as also the very 
recently worked out process for the production of sulphuric acid by means of 
burnt pyrites, of the Verein Chemischer Fabriken.® 

In the year 1852 Plattner and Reich likewise worked with the use of heated 
quartz, but unsuccessfully. It is very interesting to note that even at this time 
Robbe proposed ferric oxide or powdered pyrites cinders as contact substances. 
Pirie recommended, besides heated quartz, pumice stone saturated with a solu- 
tion of platinum as a substitute for metallic platinum. Thornthwaite™® (1854) 
comes in for mention at this place. Among other things he again took up 
Jullian’s idea of using platinized asbestos, manganese dioxide, first mentioned as 
contact mass by Lamung, and further had Mohler and Mahila’s observations pro- 
tected for himself by an English patent. Into this period there belongs further 
the work of Alfred Truemann.'! He impregnated clay with platinic-chloride, 
and formed from this a red heat metallic platinum.” 

Hundt,!? in 1854, allowed burner gases to pass through a canal which was 
heated up by the heat of the gases themselves and which was lined with pebbles 
so as to convert as large a portion as possible of the sulphurous acid into sulphuric 
acid, and then worked up the burner gases further.“ 

In the year 1855 Schmersahl and Bank’ prepared sulphuric acid by passing 
sulphur dioxide, air and steam over heated contact substances, absorbing the 
sulphuric acid thus formed, and continuing this process until all the sulphur 
dioxide had been converted into sulphuric acid. 

Henry Deacon*® took out patents in the year 1871 aside from those on his 


° German Patents Nos. 107,995 and 108,446. 1° English Patent No. 188, 1854. 13! English Patent No. 982, 1854. 

12 Trueman’s patent treats of the use of platinum or ferric oxide with pumice stone or other porous mate- 
rials, for the manufacture of sulphuric acid from burner gases. He describes also the use of porous substances 
which have been saturated with the sulphates of iron, copper, chromium and manganese, and then heated to 
redness, in order to form the active oxides by driving off the sulphuric acid. 

13 English Patent, Feb. 16, 1854. 

14 Hundt believed also that the burner gases could be converted into sulphuric acid in sprayed towers 


alone, without the use of chambers. 
15 English Patent No. 183, 1855. 16 English Patents Nos. 753 and 1,682, 1871. 
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celebrated chlorine process, in which the production of sulphuric acid by means 
of his contact substances, especially copper sulphate, is described.” 

This closes the second period of the historical development, which, like the 
first, is characterized by having made its purpose the attainment of the—I should 
like to say “great”—end, of supplanting the chamber process by the contact 
process. These efforts, however, gave no evidence of practical success, and it 


was not even possible-to produce fuming sulphuric agid cheaply enough to com- 
pete with Stark’s product obtained by the distillation of slate containing iron 
sulphate. he turning point in the manufacture of sulphuric acid was made by 
the work of Clemens Winkler who, from experimental investigations on the 
formation of sulphuric acid from sulphur dioxide and oxygen, came to the con- 
clusion that only a stochiometrical mixture of 2 volumes of SO, and 1 of O 
was suitable for a conversion of these into SO, as complete as possible, and that 
all other gases, even oxygen, exercised a harmful influence on the progress of the 
reaction. This stochiometrical mixture Winkler produced in a very simple 
manner by decomposing ordinary hydrated sulphuric acid by means of heat, 
into water, sulphurous acid and oxygen, and removing the water. In this way 
he obtained by the subsequent concentration of the gases, sulphuric anhydride or 
fuming sulphuric acid. This work, which became celebrated, was published in 
Dingler’s Journal in 18%5. The assertion based by Winkler upon his experi- 
ments read as follows: “According to these experiments, of 100 parts by weight 
of sulphurous acid used there are converted into sulphuric acid under various 
circumstances: (a) of a mixture of pure sulphurous acid*and pure oxygen, 73°83 
parts by weight; (b) of a mixture of pure sulphurous acid and air, 47-4 parts 
by weight; (c) of a gas containing 4 to 5% by volume of sulphurous acid ob- 
tained by burning sulphur in a current of air, 11°5 parts by weight. 

“Tt is evident from this that the action of platinized asbestos and doubtless of 
other contact substances is decreased in proportion as the dilution of the 
sulphurous acid by other indifferent gases becomes greater. Of course oxygen 
and. sulphurous acid themselves remain inactive and so act as diluents in so far as 
they are not present together in the stochiometrical proportions necessary for 
the formation of sulphuric acid, and one or the other is present in excess. In 
the abovementioned experiments this condition was unavoidable, and it may be 
for this reason that even when pure oxygen was used, only about 75% of the 
sulphurous acid was converted into sulphuric acid. 

“Tt is a well-known fact that ordinary English sulphuric acid is broken up 
ata bright red heat into sulphurous acid, oxygen and water vapor. Of these 
three decomposition products the water vapor can be completely condensed, and 
there then remains a gaseous mixture of oxygen and sulphurous acid in exactly 
the proportions necessary for making sulphur trioxide. In this way it was 
possible to prevent the harmful admixture of any indifferent gases, and it was 
now only necessary to recombine the dried decomposition products, by contact 
action. There would thus be formed sulphuric acid, and the whole process 


— 


17 Deacon noticed the fact that the reaction takes place better when air or oxygen are used in excess, but 
mentions that in that case larger quantities of gas have to be heated and moved. 
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amounts then to an indirect transformation of hydrated sulphuric acid to an- 
hydrous acid.” 

This view of the most suitable conditions for the contact process for sulphuric 
acid appeared to be very reasonable, at that time, and well suited to explain all 
the failures of Phillips’ reaction when applied to the utilization of the burner 
gases. Winkler’s work caused a great stir at that time and influenced further 
work on the contact process for a long time after that. At about the same time 
the same process was discovered also in Messel’s'® works and protected by patents. 
Winkler published a new method for making contact substances, viz.: by utilizing 
the reducing action of formalin.” 

This daring advance of Winkler’s at once called into life the technical syn- 
thetic production of fuming sulphuric acid which up to that time had been 
attempted in vain, for a number of manufacturers,—among the first of whom 
was the Badische Anilin & Soda Fabrik,—took up the new process, with his work 
as a basis and Stark’s monopoly in Bohemia was broken. [For this reason the 
whole industrial world has occasion to be thankful to Winkler for the stimulus 
given by him to technical work. Further work in this field was now ruled by 
Winkler’s influence,. for example, Hanish & Schréder’s®® patent, taken out 11 
years later; they replaced pure oxygen by air but still used pure sulphur dioxide 
and as a correction for the diluting influence of the nitrogen had the reaction. 
take place under pressure, in order, ag the patent says, to bring the molecules 
of the gases closer together. This process, too, was tried in the Badische Anilin 
& Soda Fabrik.. Messel?* and Lunge (Ellice Clark??) proposed a method of 
obtaining the stochiometrical mixture and excluding the nitrogen of the air, 
viz.: by roasting pyrites with oxygen. None of these processes, however, was 
capable of competing with the chamber process, and therefore had to be confined 
to making the fuming sulphuric acid. 

Still further attempts to solve this problem have not been lacking but prac- 
tically nothing has become public about such work. Winkler himself published 
nothing about his work in this direction, nor any results he may have ob- 
tained that conflicted with his publication, so that it was only a year ago that 
it became known by Lunge, and Winkler’s significant lecture in Hanover on the 
development of sulphuric acid manufacture, that at his instigation however 
burner gases had been used at the Muldener furnace and two-thirds and at most 
three-quarters of the sulphur. dioxide obtained in them had been converted into 
sulphuric acid. 

From a patent of Rath’s, too,?? which deals with the utilization of burner 
gases, evenly mixed with fire gas, nothing of importance can be gathered. The 
patent gives chiefly a description of how the gases are to be freed. from moisture 
and unconsumed organic admixtures, while no particulars are given about the 
contact process itself other than that the gases are to be led through contact 
evlinders heated to redness. Nothing was ever heard of any practical success 
of the process. 


18 English Patent, Sept. 18, 1875. 21 English Patent No. 1,828, 1878. 
19 German Patent No. 4,566, 1878. 22 English Patent No. 3,166, 1888. 
20 German Patent No. 42,215, 1886. 23 German Patent No, 22,118. 
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II. PURIFICATION. 

The problem of transforming burner gases completely into sulphuric acid by 
the contact action remained for solution, but considering everything that was 
known about it at that time, it was regarded as hopeless. When I approached 
the problem in the works of the Badische Anilin & Soda Fabrik, it was 
chiefly theoretical considerations which. made the possibility of accomplishing the 
great purpose seem not altogether hopeless, as it is well known the gases leaving 
the sulphuric acid chambers still contain 6% of oxygen. If no change was made 
in roasting, there would have to be this same excess of oxygen in every contact 
process working with burner gases, and it was not comprehensible why in spite 
of such an excess of oxygen the reaction should not take place quantitatively. 
This question was investigated with purposely highly diluted gases made by 
mixing pure sulphur dioxide gas with air, and it could be proved that under 
certain conditions a complete cessation of the reaction occurred only very close 
to a quantitative conversion. Strange to say it was found that the greatest dilu- 
tion with air had practically no influence on the transformation into sulphur 
trioxide of the sulphur dioxide gas that was present. It even seemed that the 
conversion was improved in proportion with the dilution; the relation between 
oxygen and sulphur dioxide gas in the mixture being changed in favor of the 
oxygen. 

It proved from this fact that the views held up to this time that diluting gases 
acted unfavorably on the progress of the contact process required a critical in- 
vestigation. Experiments were now tried with conditions as they occur in prac- 
tice, that is, burner gases. For this purpose burner gas was led directly to the 
laboratory from the pyrites burners by means of a long lead pipe, the latter 
acting as a long dust canal, and freeing the gas as much as possible from flue- 
dust and other mechanical impurities. Besides this the gas was drawn through 
several wash bottles containing sulphuric acid before it entered the tube con- 
taining the contact mass. The result was gratifying in no slight degree, for 
almost as favorable results were obtained in this way as before with an artificial 
gas mixture. 

A decrease in the contact action could not be noticed though the action was 
continued for several days with the same contact mass, so that it seems quite 
justifiable to hope that in this very practical manner sulphuric acid could be 
produced almost quantitatively directly from burner gases. The experiments 
were therefore tried on a large scale. It was now seen very soon that the activity 
of the contact mass did not remain constant after having been used for some 
time and finally ceased entirely. There was no change in this state of affairs 
when the burner gases were not only cooled in long canals and repeatedly washed 
with, sulphuric acid—exactly as in the laboratory experiments—but were also 
passed through dry coke and asbestos filters, so that they could be regarded as 
clean as was technically possible. The experiments on a large scale had to be 
considered failures; then, though confidence in success had been badly shaken 
by these unexpected failures, further laboratory experiments were made in order 
to determine the cause of the slow but none the less sure deterioration of the 
contact mass. 
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In these experiments the surprising discovery was made that there are sub- 
stances which even in exceedingly minute quantities, can diminish the catalytic 
action of the platinum to an extraordinary extent. Among the first of these sub- 
stances belongs arsenic, quicksilver, and phosphorus,” while antimony, bismuth 
lead, iron, zinc, and other substances which would have to be taken into con- 
sideration in roasting, are harmful only in so far as they naturally cover and 
clog the contact mass when carried over into it. The harmful action of arsenic 
alone, for example, was found to be so great that even quantities amounting 
to 1 to 2% of the platinum contained in the contact mass sufficed to make it 
entirely inactive. By these investigations it had, then, been irrefutably deter- 
mined that there are bodies which are actually capable of exerting a specific, 
one might almost say, poisonous action on the contact process. The question was 
therefore, whether, in spite of the method of purification described above, there 
were still bodies of the character contained in the burner gases used. It could 
be determined, in fact, that the white mist of sulphuric acid in them which could 
not be precipitated, contained chiefly arsenic. 

Though the reason for our failures appeared to have been revealed by the 
recognition of this fact, still no remedy for the evil was known. For at that 
time the complete deposition of the white mist, the so-called “Htittenrauches” 
(arsenical fume), was considered technically impossible according to the most 
eminent experts.?? The prospects for ultimate success after such long and labori- 
ous efforts now became very doubtful. But now that the harmful influence had 
been discovered, the new problem to be solved was taken up with .renewed energy ; 
this was, to free the burner gas of all impurities completely so that finally there 
would remain only a mixture of absolutely pure gases, viz.: sulphurous acid, 
cxygen and nitrogen. 

With an enormous expenditure of time, trouble, money and patience, experi- 
ment was followed by experiment in order to accomplish this great purpose, 
and it may be said without exaggeration that it was one of the most difficult 
problems in the progress of the industry to show the well-known revolution in the 
sulphuric acid industry. It is impossible in this short time to go into the details 
of the experiments, which required several years of the severest effort after the 
process was being tried on a large scale, before a positively certain purification 
of the burner gases could be regarded as having been accomplished. The diffi- 
culty of this problem lay chiefly in the fact that there had to be carried on a 
wearing struggle with, one might say, an invisible foe, and that every misstep 
avenged itself by influencing for some time the output of the whole work. 
The result?® of this is that it has become quite possible to rid the burner gas 


o 


24 A subsequent and more searching investigation of the harmful action of phosphorus showed that this 
was only the result of the arsenic it contained. 

25 Extract from Schnabel’s Huecttenkunde, 1890, p. 500: ‘*‘ Contrivances for catching flue-dust and for con- 
densing metallic vapors in furnace gases (Huettenranch), are based upon cooling, filtration, washing, contact 
with surfaces, diminution of velccity and change of direction of the current of gas. Electricity of high ten- 
sion has also been used as an experiment. Neither the first-mentioned methods, separately nor a combination 
of them in the most various ways have until now been found sufficient for completely freeing ‘* Huettenrauche ” 
from the substances mentioned. A large field for inventive genius is still open in this field.” 

26 German Patent No. 113,938, July 22, 1898. 
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completely of all its impurities, by subjecting it, after suitable treatment and 
cooling, to a systematically continued intimate contact with water or sulphuric 
acid. This has to be continued until an optical and chemical examination demon- 
strates the complete absence of all harmful admixtures. The manner in which the 
intimate contact with purifying liquids is obtained is a matter of indifference so 
~ far as the final result is concerned. For example, extensive washing and moist 
filtration, alone or in combination, were found to be equally effective. I should 
like to mention in particular only a few of the difficulties which came up in 
the purification of the gases on a large scale. To obtain good results it had been 
found best to cool the gases slowly. For it is an exceedingly remarkable and 
a not yet sufficiently explained phenomenon, that the sulphuric acid mist of the 
burner gas is deposited with much greater difficulty when the latter is cooled 
rapidly than when cooled slowly. 

For this purpose there was necessary a long iron flue which could be cooled 
by the air. Nothing was known at that time, of any harmful influence that 
such a flue might exert on the contact process, for the sulphuric acid contained 
in burner gases when dry pyrites are used, has a strength of over 90% H,S0,, 
so that if the iron were attacked it was to be expected that it would be only 
with evolution of sulphur dioxide, which in itself could not be harmful to the 
process. In spite of the fact that the gases were now completely free from 
mechanical impurities, so that the optical test which at that time was still 
regarded as sufficient, did not give evidence of even the slightest trace of any 
impurity, the gases were even filtered through masses of moist filtering material, 
so arranged as apparently to secure perfect purification, yet it wag seen that the 
contact mass lost its activity very slowly (only after weeks and months) but 
with unfailing certainty. After long and difficult lapses and after the presence of 
arsenic, in spite of its apparently complete removal by the above described 
process of purification had been confirmed with certainty by examination of 
the inactive platinized asbestos, it was conjectured that the cause for all these 
disturbances might be traced to the reaction products, the sulphuric acid con- 
densing in small quantities in the iron cooling flues, and it became more and more 
certain that arsenical gas, probably arsine (AsH,) must have been formed 
here. Such changes were made as were necessary to prevent the condensing 
sulphuric acid from coming in contact with the iron cooling flue, and from this 
time the activity of the contact furnaces remained unchanged; some hydrogen 
must have been evolved by the action of concentrated sulphuric acid on iron, 
contrary to the views held up to that time, for it is only thus that arsine 
(AsH,) can be formed. 

This ended probably the most obstinate struggle that was fought in the 
introduction of the new sulphuric acid process, although this struggle was not 
the last. In carrying out the process on a still larger scale, new disturbances 
occurred in the purification of the gases, whose causes were almost as mysterious 
and impossible to foresee as the one above mentioned. When the pyrites burners 
were run to their full capacity, there resulted misty formations which mocked 
all efforts to precipitate them. The explanation for their existence was finally 
found after a long search in very slight quantities of mist composed of uncon- 
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sumed sulphur. This mist, like quickly cooled sulphuric acid mist, could be de- 
posited only with the greatest difficulty. But how could sulphur act harmfully, 
when it would only burn to sulphurous acid in the contact apparatus? The ex- 
planation is that the sulphur mist also was found to contain arsenic, and there- 
fore had to be removed. 

A radical means for the purpose was finally found in the thorough mixing 
of the still hot burner gas, so as to insure the combustion of even the last traces 
of sulphur. This mixing is most suitably accomplished by means of a jet of 
steam, the use of which is attended with the important advantages that the 
strong sulphuric acid present in the gas is diluted, and does not condense in the 
preliminary iron coolers, therefore not attacking them with formation of arsine 
nor, as a result of its low concentration does it destroy the main coolers of lead, 
when it condenses. Besides this the steam prevents the formation of hard crusts 
of flue-dust in the canals and coolers, which otherwise easily causes them to 
become obstructed. 

The problem of regenerating a contact mass which has become inactive is dealt 
with by two patents?’ of the “Actien Gesellschaft fiir Zink Industrie vorm: 
Grillo & Schroeder. Their mode of procedure is based on the assumption that it 
is impossible in practice to remove all impurities from the gases. One of their 
patents therefore proposes the use of soluble salts as a carrier for the platinum, 
so that the ineffective platinum may be regenerated, while the other consists of 
removing the inactive contact mass by means of chlorine. 


III. REGENERATING COOLING. 


We come now to another principle of great importance in the contact process, 
viz.: the rational removal of the harmful excess of the heat of reaction. As 
is known, the chemical process taking place in the contact process, is exothermic 
and may be expressed as follows :— 


SO,+0=S0,-+ 22,600 cal. 


But little attention had hitherto been paid, in the technology of fuming 
sulphuric acid, to this great evolution of heat. It is true that in Lunge’s Hand- 
buch der Soda Industrie reference is made to a process which is said to consist 
of heating a mixture of pure sulphur dioxide and air only to the temperature 
necessary for the contact process and then to allow it to pass into a contact 
apparatus which is not to be further heated, but only protected as much as pos- 
sible from cooling, and which similarly to a Deacon chlorine apparatus was 
filled with platinized spheres of clay. But in this apparatus there was used a 
highly contracted mixture of gas, containing about 25% SO, by volume, and 
no conclusions could be drawn from .it with regard to conditions that would 
exist when burner gases from 3 to 4 times more dilute were used. On the con- 
trary it was generally considered necessary in the use of ordinary gas mixtures, 
not only to protect the contact vessels against radiation but to heat them directly 
to redness. 

Accordingly, the contact apparatus first constructed by us was provided with 


27 German Patents Nos. 115,333 and 102,244. 
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heating arrangements suitable for this purpose. In order to economize in costly 
platinized asbestos, vertical contact tubes of not too great width were used, sincé 
if was found that in such tubes the platinum asbestos could be uniformly dis- 
tributed with greater certainty than in other horizontal tubes or vessels. Thus 
the contact furnace consisted of a series of narrow iron tubes, the lower halves 
of which were filled with contact mass, as is shown in the accompanying drawing 
taken from our patent (Fig. 1A). When this furnace was set into operation at 
the customary low red heat, the exceedingly surprising observation was made 
that not only the yields rose, but that also the volume of the current of gas could 
also be very comfortably increased if in place of the hot fire gases from the lower 
heating arrangement, cold air was introduced between the pipes and thereby the 
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temperature of the furnace materially lowered. By this experiment the road was 
opened to a rational operation of the contact furnaces,”* just the opposite of the 
former mode of procedure. The furnaces had to be cooled in an adjustable 
manner if there was to be a maximum conversion and capacity. Such a furnace 
was operated by first heating up the cold furnace with both heaters, h and Nh’. 
As soon as the furnace had been set in operation the lower heater h was ex- 
tinguished and cold air led by the contact mass, so that on the one hand the 
mass was cooled, and on the other hand the mass affected by the rising heated 
current of air and heating of the incoming cold gases which had to be com- 
pleted by the heater h’. As could be seen with the eye, only the upper layers of 
the contact mass now became heated to dull redness, and by the passage of the 


28 German Patent No. 113,932, June 3, 1898, 
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gases there was maintained a degree of heat best suited for the completion of 
the reaction. This simple mode of operation and type of furnace which I have 
described stood the test of years; further the temperature may be observed con- 
tinuously even without pyrometers, by the direct observation of the series of tubes. 

Further investigation showed that the quantity of heat which could be ex- 
tracted without injury from the contact process was so great that it seemed pos- 
sible to use the burner gases themselves as cooling gases and thus utilize the 
excess heat of reaction directly for preheating the cold burner gases. In this 
way originated the various modifications of our apparatus described in our 
German patent, one of which, for example, is shown in Fig. 1B. 

The manner of utilizing the heat of reaction is described by a patent of the 
“Hochster Farbwerke,”?® according to which the heat of the gases after they have 
left the contact vessel is made use of. If we consider the effects of the cooling 
of the gases more closely we find that by it chiefly four important results are 
accomplished: (1) An overheating of the apparatus is prevented and such a 
temperature maintained as assures securing the theoretically possible highest 
yields, that is, 96 to 98%. (2) The iron apparatus is protected against premature 
destruction by the lower temperature at which the reaction takes place. (3) The 
contact mass is kept from becoming overheated and retains an undiminished de- 
gree of activity for years, and (4) The absolute capacity of the contact mass 
and thus also of the apparatus, is quite considerably increased, because fresh 
quantities of gas can continually be passed through the contact mass without 
overheating it, and because the contact mass itself is brought to a temperature 
most favorable for the greatest capacity. Should the furnace become overheated 
it is now no longer necessary, as formerly, to diminish the quantity of the gas 
to be converted, but its cooling action is regulated by varying its quantity, or 
its temperature as it enters the cooling spaces, or by a suitable change of the 
point at which it enters. 

Another encouraging characteristic of the new process is that the reaction takes 
place without the application of pressure. You will remember that according 
to the views formerly held, the influence of inert gases was to hinder the reac- 
tion so that it was believed that this harmful influence had to be counteracted by 
using highly compressed gases. But, either there is no such influence or it 
amounts to practically nothing. There is not the least difficulty in obtaining 
under the right conditions, even without additional pressure, a quantitative con- 
version of SO, to SO,. This fact is of great importance in practice; for when it 
comes to competing with the chamber process, all large expenditures must be 
avoided. To carry on ‘the process rationally it is, on the other hand, necessary 
that the gas should be compelled to pass through the contact mass itself and 
come into the most intimate contact with it. But with such loose material as 
platinized asbestos, this necessitated a firm, close packing, which again resulted 
in a great resistance to the passage of the gases. 

The object to be accomplished therefore was to reduce the resistance in the 
contact mass to a minimum without however leaving any other passageway 
open for the gas except through the mass, and still not to make it impossible 


29 German Patent No. 105,876. 


SULPHURIC ACID AND ITS MANUFACTURE. 617 


to cool the contact tube. This was accomplished by a very simple apparatus” 
which is explained by Fig. 1A. The contact mass is distributed on perforated 
plates which are strung upon a central round iron rod, and the pressure of the 
separate layers on each other by short pieces of pipe or short pegs inserted be- 
tween them, so that there is only the resistance of the loose contact mass opposing 
the current of gas, which, however, is exceedingly slight, so that only a small 
mechanical force is necessary to overcome it. 

This manner of filling also has the great advantage that the tubes can be 
filled so as to produce in all of them an equal pressure which can easily be tested 
in any one, so that the whole apparatus, even if consisting of a great number 
of such contact tubes is absolutely certain of securing an equal distribution of the 
gas, thus doing the best possible work. 


IV. ABSORPTION. 


We come now to the question of the best method for absorbing the sulphur 
trioxide in the gases. 

As is well known, sulphur trioxide has a much greater affinity for water than 
for concentrated sulphuric acid, which fact is numerically expressed by the heats 
of absorption.** 

The most natural method of procedure would be, therefore, to set up in a row 
a number of absorption vessels in which the absorbing sulphuric acid increases 
in concentration in the direction of the gas current so that water or chamber 
acid or other dilute sulphuric acid would follow into the last vessel, and fuming 
sulphuric acid or acid of such strength as may be required, flow from the first. 

Such a method, contrary to all appearances, does not result in the highest 
absorption capacity; it is, on the other hand extremely difficult to absorb sul- 
phur trioxide completely in water or dilute sulphuric acid, for considerable 
quantities of white mist which will condense only with great difficulty, always 
leave the vessel causing considerable losses. It has been found however that 
sulphuric acid of a very limited range of strength, viz.: from 97 to 98% H,SO, 
will absorb sulphur trioxide instantly and completely. 

As is shown from the compilation of the properties of sulphuric acid in the 
curves, grouped together for purposes of comparison, there takes place at the 
abovementioned, I should like to say, critical concentration point, a whole 
series of changes in the properties of sulphuric acid. In the first place, at this 
concentration the boiling-point curve makes a remarkably sharp turn, which is 
characterized by the fact that at all points to its left, water or dilute sulphuric 
acid distil off until a strength of about 93°3% H,SO, is reached, at which the 
acid then distils over from beginning to end at the same concentration and at 
the same constant boiling point of about 330°C. like a simple substance. From 
all strengths to the right of this point, on the other hand sulphur trioxide is 
distilled off until again the same concentration of 98°3% is reached. 

The vapor pressure, measured at 100°C. in a vacuum, shows a minimum at 


30 German Patent No. 119,059, July 23, 1898. 
31 When 1 kg. sulphuric anhydride is mixed with much water, then are liberated about 500 calories 


while by the solution of 1 kg. sulphuric anhydride in much sulphuric acid of 66°B. only about 300 calories are 
developed. 
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this point, or more correctly, can scarcely be detected by ordinary means as is 
seen by the curve. 

The specific gravity of hydrated sulphuric acid is highest at this point. It is 
here also that there is the greatest contraction of sulphuric acid, the electrical 
resistance suddenly begins to rise at this point and attains a maximum close 
to monohydrate with remarkable rapidity. Closely connected with this is the 
fact that the rapidity with which iron is attacked at this concentration reaches 
a minimum which of course is of the greatest importance when the durability 
of vessels is considered. 

The absorbing power of this strength of acid is so enormous that it is possible 
completely to deprive a rapid current of gas of its sulphur trioxide in a single 
vessel, provided of course that the concentration of the acid is always kept con- 
stant at 97 to 99% H,SO, by a continual addition of water and a continual 
removal of the excess of sulphuric acid that is formed.*2 

For making fuming sulphuric acid one or more absorption vessels must: be 
inserted before the one kept at 97 to 99% H,SO,. Here, again, other very 
remarkable phenomena may be observed. While cast-iron vessels are well suited 
for use with watery sulphuric acid, resisting its action very well, they cannot 
be used with fuming acid of any kind, for while cast iron is attacked but little, 
what is much worse,—it explodes. This remarkable phenomenon is based 
upon the fact that oleum diffusing in the pores of the cast iron, begins the 
work of destruction there by being converted by the reducing action of the iron 
into sulphuric dioxide and hydrogen sulphide, and some times even generating 
carbon dioxide from the carbon of the iron, all of them gases whose critical 
temperatures are quite low, and as a result of this cause high tensions within 
the cast iron. If such a piece of iron is broken in fragments, sulphur dioxide and 
hydrogen sulphide are distinctly recognizable by the odor, and their evolution 
of gas can be perceived by immersing them in a suitable liquid. This portion of 
a valve shows very plainly the beginning of this action. 

In contrast to cast iron, wrought iron is comparatively rapidly attacked by 
weak fuming acids up to oleum containing about 27% free SO,. This action evi- 
dently has its scientific explanation in the increase of the electrical conductivity 
of these corrosive strengths of oleum. 

A glance at the curve of the conductivity of the various concentrated acids 
(Fig. 2) shows that after reaching a minimum appearing as a sharp point at 
monohydrate, oleum again became strongly conducting, until a maximum is 
reached at about 10 to 15% oleum, when it again falls just as rapidly to in- 
finitely small values. Its corrosive effect upon wrought iron (and also upon 
zinc) undergoes changes very similar to those in the electrical conductivity, as 
may be seen from the figure. 

In oleum with about 27% free SO., wrought iron becomes practically entirely 
passive, and wrought iron vessels can be used for many years for manufacturing 
oleum of high sulphur trioxide content without being perceptibly attacked. 

On these observations we based a method for the production of almost abso- 
lutely iron free sulphuric acid.?? 


32 B, A. & S. F. Patent Anm. B, No. 28,724, 33 B. A, & S. F. Patent Anm. No, 28,290, 
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Sulphuric acid has a number of other properties of general as well as prac- 
tical interest, some of which are presented in the accompanying curve diagram. 

Perfectly pure sulphuric anhydride is, as is perfectly well known through 
tudolph Weber’s researches, liquid at the ordinary temperature, melting at 
pay ou OF ae 

Its melting point is raised by the addition of small quantities of water and 
reaches a maximum of about 27° at 85% free SO;. These statements hold only 
for freshly prepared mixtures, because after standing, oleum polymerizes and 
then does not melt any more at all, but sublimes directly at higher temperatures, 
again reverting to the ordinary modification. 

Continuing the dilution the melting point falls to from 0 to 2°C. and reaches a 
minimum at this point with oleum having 60 to 65% free sulphur trioxide and 
then rises again to a maximum of 36°, which unquestionably belongs to pyrosul- 
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phuric acid, H,SO,+S80,. This highest point is further of interest in that it cor- 
responds very closely with the greatest density, the greatest viscosity, and a 
distinct angle in the curve of capillarity. 

Further dilution brings us to the strengths of oleum which corrode iron, having 
a minimum melting point of 12°, and here the curves of electrical conductivity, 
corrosive effect, and melting point show similar forms. The curve then rises 
again and reaches a maximum of +10° at monohydrate. Still further dilution 
results in a decided fall of the freezing point; a minimum of —35° is reached 
at a concentration very familiar to us, the so-called acid 66°B. of commerce, 
the hydrate 2H,SO,+-H,0, and then the curve rises again to +8° at the 
hydrate H,SO,+-H,0, to fall to bélow —50°, from which it rises only at 30% 
acid, and from 20% sulphuric acid it falls almost in a straight line to 0°. (Ac- 


34 R. Weber found the melting point to be 14°8°C., but he did not have the thermometer in the liquid. If 
this is the case the sulphuric anhydride all melts at 17°7°C. 
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cording to Thilo there seems to be another maximum at 57% H,SO,+4H,0.) 

It is noteworthy that every summit of the melting-point curve corresponds 
to a simple hydrate which solidifies constantly as a single substance, while the 
depressions of the curve represent mixtures of the neighboring hydrates com- 
bined in the form of crystals. If the crystals of the concentrations lying 
between the high points of the curves are examined they will be found to have 
a composition characteristic of concentrations at the summits of the curves. Upon 
this Lunge** based his well-known process for making monohydrate. Hydrates 
corresponding to the other summits could be technically produced in a similar 
manner, if it were still of interest to do this. 

The curve of the specific heats too, has a noteworthy form, falling continu- 
ously to about 20% oleum, and then rising again to the high value of 0°77 at 
pure sulphuric anhydride. 

The curve of the heats of solution of sulphurous acid and sulphuric. acid on 
the other hand, is quite regular so that the formation of the various hydrates 
seems to have no practical effect in this. 

The curve of viscosity is noteworthy in that water and sulphuric anhydride 
have almost the same viscosity. Its highest point lies at the greatest density of 
fuming sulphuric acid, with a second, lower turn at the hydrate H,SO,+-H,0. 

As is evident, sulphuric acid offers such a variety in its properties that it is 
specially suited for purposes of instruction. 

In the melting point phenomena we have an excellent illustration for present- 
ing the theory of eutectic combinations. It can be used to present very clearly, 
and at the same time so as to be of the greatest value practically, the interesting 
phenomena of electrical conductivity, their important relations to purely tech- 
nical questions, such as the degree in which metals are attacked, the phenomena of 
heat of solution, of variable specific heat, of various contractions of volume, as 
also the difference in behavior toward metals of the iron and copper group. 

On several of these properties there can be based analytical methods for the 
determination of sulphur trioxide without the use of balance, which may often 
be of value in practice where specific gravity is no guide. 


V. THEORY OF THE ContTActT PROCESS. 


I shall proceed now to a closer consideration of the contact process itself. For 
this purpose allow me to present to you the details of a few fundamental experi- 
ments. 

First, considering the reaction as it takes place at various temperatures and 
with various quantities of gas, we see that a quantitative conversion of the sul- 
phurous acid into sulphuric anhydride cannot be accomplished under technically 
possible conditions, when burner gas is used, which contains besides nitrogen, a 
stochiometric mixture of sulphur dioxide and oxygen. This reaction is repre- 
sented by the curves S and S’, Fig. 3, and we see that according to the quantity of 
gas, maximum yields of from 77 to 78% and from 90 to 91%, respectively, are 
reached. Exactly similar in behavior is a pure mixture of sulphur dioxide + 
oxygen; here too a quantitative conversion is impossible (curve 8). 


35 German Patent No. 24,402. 
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If there is used, however, a gas mixture in which the oxygen or the sulphur 
dioxide is present in excess, it becomes possible by mass action of the one con- 
stituent to displace the other almost entirely from the mixture, by its combination 
with the corresponding quantity of the constituent in excess of the formation of 
sulphuric anhydride. 

Every sulphuric acid contact process will then be the more successful, the more 
oxygen there is in the gas mixture in proportion to the sulphurous acid, while 
the nitrogen has no influence on the reaction.*® 

Let us consider now the behavior of a technical burner gas such as is obtained 
in roasting pyrites and in which the relation of the quantity of the sulphur dioxide 
present to the quantity of oxygen is as 250,: 30,, corresponding to a composition 
by volume of 7% SO,, 10% O, and 83% of nitrogen. If we allow this mixture to 
pass through an empty, uniformly heated porcelain tube, we perceive even under 
this condition the formation of some sulphur dioxide at certain temperatures, 
though it is very slight in quantity. 

The results of this experiment are represented by the curve P, Fig. 3. 

As a further experiment we fill the tube with a platinum contact substance, 
for example, platinized asbestos,*” and now traverse all temperatures which need 
to be considered. With a rise of temperature the rapidity of the reaction in- 
creases, so that even at 380 to 400°C. nearly all the sulphur dioxide is found to 
be converted into sulphur trioxide. From 400 to 430°C. the reaction remains 
nearly uniformly quantitative, a conversion of from 98 to 99% being maintained ; 
above this, however, there is a distinctly perceptible decomposition of sulphuric 
anhydride into the components, the curve falls again, though not as abruptly 
as it rose before. At from 700 to 750°C. only about 60% of the sulphurous 
acid is transformed into sulphuric anhydride, and at about 900 to 1,000°C. the 
curve reaches the zero mark, and no reaction between sulphur dioxide and oxygen 
can any longer be detected. 

If we repeat this experiment under exactly the same circumstances but with 
smaller quantities of contact mass, or what amounts to the same thing,—with 
larger quantities of gas, we get a series of curves, 2, 3, 4, 5, 6 (Fig. 3), whose 
left and right portions have an entirely different appearance. For while the 
portions of the curves up to their highest points are approximately parallel to 
each other, they are seen to diverge somewhat if examined more closely, which 
points to a common origin; the decomposition side of the curves converge and 
finally all unite at about the same temperature, between 900 and 1,000°C. the 
zero point of the reaction. 

If we follow the highest points of the curves, we notice a peculiar movement 
of their maxima with decreasing quantities of platinum in the direction of an 
increasing temperature and likewise a marked decrease in the highest attainable 
percentage of sulphuric anhydride formed. If these maxima are connected by 
a curve, this will on the left systematically approach the theoretically possible 


36 The formula SO.+0=SO, accordingly does not express the conditions existing here, but should be 
written, 280,+n0,=2SO,-+(n—1)O., where n should not be less than 2. 

87 For such an experiment there should be taken such a quantity of from 5 to 10% platinized asbestos that 
there is about 0°5 g. platinum in the farther half of the tube, while the first half remains empty and serves to 
preheat the gases. 
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conversion of 100%, while on the right its direction is toward a point in the 
neighborhood of 600°C. The convergence of the curves on the decomposition 
side leads to the conjecture that the decomposition of sulphurous anhydride be- 
comes more and more independent of the contact substance that is used and 
develops into a function purely of temperature. 

The correctness of such a conjecture could be tested very simply by a repetition 
of the experiment with the platinum left out, but for this test the mixture of 
gas must previously be brought into a condition of an almost complete conversion 
of the sulphurous acid into sulphuric anhydride before beginning the experiment. 

This experiment was tried with a very surprising result. A curve was ob- 
tained which is moved to the right by several hundred degrees and falls strongly 
only at from 800 to 900°C. without, however, completely reaching the zero point 
at the temperature of from 1,100 to 1,200°C. which was at our disposal. 
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The once formed sulphuric anhydride, therefore, is very stable at high tempera- 
tures in the absence of contact substances. Consequently we have here an un- 
stable equilibrium which is quickly destroyed by any contact substance and tends 
to become a stable equilibrium. The curve # shows this influence by the gradual 
approach of the curve D toward S when the same experiments as those giving 
curve D were tried but with a tube filled with fragments of porcelain. These 
phenomena call to mind those of overfusion and of delay in boiling of liquids 
heated above their boiling points. Porcelain and other substances evidently 
seem to act as catalysors, very much as does platinum, at these temperatures. 
Still it is very remarkable that at the high bright red temperatures that were 
used, a condition of unstable equilibrium should not become one of. stable 
equilibrium more readily. 

The formation of sulphur trioxide, as shown by curves, 1, 2, 3, and 4, is 
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dependent upon the length of time of contact of the gases with the contact sub- 
stance. 

A very simple means of getting a clear view of the changes taking place in the 
conversion is obtained by representing the results for different lengths of time 
isothermally, i.¢., by letting the X axis represent length of time, or what comes 
to the same thing, the quantity of platinum, and the Y axis the quantity of sul- 
phur dioxide converted into sulphur trioxide. 

In this way a group of curves (Fig. 4) is obtained, which shows at a glance 
the length of time or the quantity of platinum necessary for a certain percentage 
of conversion at a certain temperature. The form of the curves shows further 
that these begin at zero and continue indefinitely, being parallel to the XY axis 
and symmetrically approaching the maximum corresponding to that particular 
temperature. 

It is further shown that with rising temperatures and with increasing con- 
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tent of sulphuric anhydride, the curves turn more and more, thus deviating 
more and more from a complete conversion. Finally, the speed with which the 
reaction begins becomes so great that the first portion of the curves almost coin- 
cides with the Y axis at higher temperatures. The first meeting of the burner 
gas with the contact mass must be accompanied then by a very violent reaction, 
and here takes place the great rise in temperature of the first portions of the 
contact mass which may become heated to redness, depending on the manner of 
exterior cooling. It follows further from these curves for this very reason, that 
with the formerly generally used red heat of the contact furnaces a quantitative 
reaction was impossible, and it is only sulphur trioxide itself that exerts a retard- 
ing influence on the speed of the reaction. 

As the important result of these experiments, a line of stable equilibriums is 
shown which divides the whole range of temperatures into two divisions. Tem- 
peratures below 200°C, and above from 900 to 1,000°C. may be regarded as re- 
sulting, technically, in no reaction; between 200 and 450°C. the reaction of for- 
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mation preponderates, while above this the decomposition of the sulphuric anhy- 
dride rapidly becomes prominent. 

Important technical conclusions can be drawn from ‘these facts, for, even if 
the boundary line A has been determined for a particular technical gas mixture, 
the various modifications occurring in practice will scarcely have a very great 
influence in the position of this stable equilibrium. Further it is evident that 
this boundary line must theoretically and practically be independent of the 
kind of contact material ; from which it follows, that only such contact substances 
will be capable of bringing about an approximately quantitative reaction in a 
single operation, as have their highest activity at the temperature of the zone of 
formation, that is under about 450°C. All contact substances that develop their 
maximum power only beyond this temperature will never be able to bring about 
a quantitative yield, however long they remained in contact with the gases. 

At present there is only one contact substance which fulfills these conditions, 
namely, platinum; nor can this be replaced by any of the other metals of the 
platinum group even with approximately good results. 

At the close of my lecture may I be permitted to present to you the development 
in the manufacture of sulphuric acid that has taken place in the works of the 
Badische Anilin & Soda Fabrik alone since the discovery of the contact process 
which I have described. The yearly production of sulphur trioxide by this con- 
cern has been as follows: 1888, 18,500 tons; 1894, 39,000 tons; 1899, 89,600 tons; 
and 1900, 116,000 tons. 

For the development of such an enterprise the energy of any single individual 


would, of course, have been insufficient. The powerful assistance was necessary 
of a concern such as the Badische Anilin & Soda Fabrik, guided by the foresight 
of a Heinrich Brunck, the wide experience of a Gustav Jacobsen, and the ex- 
pert assistance of prominent engineers was necessary in order to achieve the 
success which I have described and which is an honor to our national industry. 


LABORATORY DETERMINATION 8. 


Melting Points.—To determine the melting points, a glass cylinder containing 
the acid and a movable thermometer graduated to tenths of a degree, was im- 
mersed in a cooling bath. First were noted the temperatures to which the acid 
could be cooled with stirring without freezing (overcooling) (see accompanying 
curve, Fig. 4). As soon as the first crystals were formed, the cylinder was re- 
moved from the cooling bath and, with continual stirring, the highest temperature 
was noted to which the thermometer rose to remain constant even with the further 
formation of crystals. (Melting temperature, see table.) Then the crystals were 
again melted by careful warming and the temperature noted at which the last 
portions melted. (Higher melting-point curve, Fig. 4.) 

Specific Gravity.*°—Method: Weighing with brass weights in air at 15°C. 
in a narrow-necked graduated flask containing 500 c.c. which had been calibrated 
by weighing with water at 15°C. (I was assisted by Dr. Seitz and Dr. Slama 
in these determinations. ) 


38 See also Lunge & Isler, Lwnge’s Handbuch, 1893, p. 107, and W. Kohlrausch, Wiedermann’s Annalen, 
%-69, 1882. 
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MELTING POINT OF ORDINARY AND FUMING SULPHURIC ACID OF FROM 
0 To 100% so,. 


Sulphuric Acid. Oleum. 
Total Melting Total Melting Total Melting Total Melting Total - i 
SO. Point. SOg. Point. SO. | Point. SO,. | Point. So,. | Melting Point. 
fo % % 
— 0°60 18 —13°2 70 -+ 4:0 85 —11°0 0 +10°0 
2 — 1:0 19 —15°2 71 — 1:0 86 — 2°2 5 + 3°5 
3 —1°7 20 —17'1 72 — 72 87 +-13°5 10 — 48 
4 — 2:0 21 —22°5 73 —16°2 88 +26°0 15 —11'2 
5 — 27 22 —31°'0 74 —25'0 89 +84°2 | 20 eg 3 1(0) 
6 — 3°6 23 —40°1 > —34:0 90 +84°2 || 25 — 0°6 
f¢ — 49d Vaecuses § Under %6 } —82°0 91 +25°8 80 +152 
8 ae EO ee lites shabret rs { —40°0 W7>a —28°2 2 +14°2 35 +26°0 
9 — 6:0 61 —40°0 78 | —16'5 93 + 0°8 40 +33°8 
10 — 6°7 62 —20°0 79 — 52 94 + 4°5 45 +84°8 
11 — 72 63 —11'5 80 + 3:0 95 +148 50 +28°5 2 
12 — 9 64 — 48 81 + 7:0 96 --20°3 55 -+18°0 
13 — 82 65 — 4:2 81°63} +10°0 97 +-29°2 60 +07 
14 — 9:0 66 + 1°2 2 + 8:2 98 +33°8 65 + 0°8 
15 — 9:3 67 + 8:0 83 — 0°8 99 +386°0 = || i + 9:0 
16 — 9°8 68 + 8:0 84 — 9:2 100 +40°0 05 417°2 
17 —11°4 69 + 70 80 +22°0 
85 -+83°0 (27°) b 
90 +34:0 (27°79 
95 +36°0 (26°) 
100 +40°0 (17°72) 


(a) So-called 66° B. (6) The numbers in parenthesis denote the melting points of the not yet polymerized, 
freshly prepared oleum. 


SPECIFIC GRAVITY OF FUMING SULPHURIC ACID AT 35°06. 


—— 


Total | Free | Specific || Total | Free. | Specific || Total | Free. | Specific |} Total | Free. Specific 
SO3. SOs. | Gravity. || SOs. SO 3. | Gravity. || SOs. SO3. | Gravity. |} SOs. SOs. Gravity. 
% % % % % é % h 
81°63 0 1°8186 86°40 26 1:9158 91°18 52 1°9749 95°95 vi 1°9315 
81°99 2 18270 86°76 28 19220 91°55 54 1°97'60 96°32 80 1:9251 
82°36 4 1°8360 87°14 30 1°9280 91°91 56 1:9772 96°69 82 1°9183 
82°73 6 1°8425 87°50 32 1°9338 92°28 58 19754 97°05 84 1:°9115 
83°09 8 1°8498 87°87 34 1°9405 2-65, 60 1:9738 97°42 86 1°9046 
83°46 10 1°8565 88° 24 36 1°9474 93°02 62 19709 97°78 88 1°8980 
83°82 12 18627 88°60 88 1° 9534 93°38 64 19672 98°16 90 1°8888 
84°20 14 1°8692 88°97 40 19584 93°75 66 1:9638 98°53 92 1°8800 
84°56 16 1°8756 89°23 42 1°9612 94°11 68 1°9600 98°90 94 1°8712 
84 92 18 1°8830 89°71 44 1°9643 94°48 7 1°9564 99°26 96 1°8605 
85°30 20 1:8919 90°07 46 1°9672 94°85 72 1°9502 99°63 98 1°8488 
85°66 22 1°9020 90°44 48 1°9702 95°21 74 1°9442 100°00 | 100 1°8370 
86°03 2 1°9092 90°81 50 1°9733 95°58 76 1°9379 


SPECIFIC GRAVITY OF CONCENTRATED AND FUMING SULPHURIC ACID 
AT 15:°O. AND 45 °C: 


Specific Specific 5 Specific Specific 
Total Free re N : Total Free ; b , 
H,SO,. a Gravity, Gravity, H,S0O,. Gravity, Gravity, 
Boh ala: Oe SOs. 15° C. BOs BOs. 15° C. 45° C. 
% % % % % 
95°98 78°35 A BA1 Sia iuss & dienes ee ae lhe ane eat 85°30 20°0 1°920 1°887 
96°68 78°92 AP MEIG) ois 3x bean oe vere at are Mie aaa penny ake 87°14 80°0 1°957 1-920 
96°99 79°18 SIA RAa cater ale hoary serrate al | cater etetetayase 88°97 40°0 1°979 1945 
97°66 79°77 ASQASAE Weare lie ee eran eeralll Mate oeeas 90°81 50°0 2°009 1°964 Max. 
98°65 80°53 fod ORs elas, eee aural |felamerercne ae 92°65 60°0 2°020 Max.) 1°959 
99°40 81°14 PARBOS MMI Le ajctevere ele sslei| |iess ere nidiese ete 94°43 70°0 2°018 1°942 
99:76 81°44 1'8418 See eae 96°32 8)°0 2:008 1°890 ? 
100°00 81°63 1°8500 98°16 90:0 1:990 1°864 
earner 83°46 1°888 Noniaetaiene le 2 LOOROO 100-9 1°984 1°814 


Specific Heat.*°—Method: The calorimeter consisted of a vessel of sheet zine 
protected against radiation by means of felt and containing 2 kg. water at room 
temperature (about 18°); about 1 kg. of the acid to be examined was warmed 
in a flask to something over 35°C. with shaking (calibrated thermometer reading 
to 0'1° was used) and then quickly immersed in the calorimeter water and allowed 


39 Values for watery sulphuric acid, see Lunge’s Handbuch, 1893, p. 123. 
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to cool to 25°C., again with shaking, and then removed from the calorimeter. 
The temperature measurements in the calorimeter were taken with a Beckman’s 
thermometer divided into 0:01 of a degree, the scale of which had been tested 
for correctness. The indicated temperature was corrected by the temperature 

of the different parts of the calorimeter and flasks used. 
Example: 1 kg. oleum, 70% free SO, was cooled from 35 to 25°C. in 2 kg. 
of water. There were found in four experiments changes in temperature of: 

2°41°C., 2°41°C., 2°41°C., and 2°42°C.; average, 2°4125°C. 


Multiplying........ 2°4125+-2=4°825 calories. 
Correction for calorimeter -+0°045 


4°8700 
Correction for flask....... —0°1500 


Specific heat........6+ +008 0°4720 at 85°C.(to 25°C. 


SPECIFIC HEAT. 


Total | Free | Specific || Total | Free | Specific || Total | Free | Specific || Total | Free Specific 
SO3. SO3. Heat. SO3. SOs. Heat. SO3. SO3. Heat. SOz. SO. Heat. 
fo % % % % % % he 
MGzBcalis.cacsien a 0°3691 85°48 | 20°95 | a 0°3391 91 51°00 0370 
hole oneal Wiring a 0°3574 89 23°78 0°340 93 56°45 0°400 96°52 81 a 0°5598 
BO Sa leercarceles 0-350 87°13 29° a 0° 3392 93 61°89 0° 425 97 83°67 0-590 
BONO es lerierercisees a 0°3574 88 34°67 0°350 93°3 63°5 a@ 0° 4325 97°99 88 6 a 0° 6526 
Bb Gres | sscrecnrs 0°3478 88°75 | 88°75 | a 0°3498 94 67°34 0° 455 98 89°12 0-650 
82 2°0 0°345 90 45°56 0-360 94°64 | 70°06 | a5°4730 99 94°56 0°710 
83°46 10-0 a 0°3417 91-1 46°1 a 0°8599 95 72°78 0°495 99°8 98-9 a0°7413 
84 12°89 0340 90°73 | 49°4 | a0°3660 96 78°23 0°535 100 100 O47 


(a) Values interpolated. 


Heat of Solution —Method : The calorimeter consisted of a glass flask of about 
8 liters capacity, set up to its neck into a vessel of sheet metal, carefully insulated 
by means of felt and containing from 5 to 6 kg. of water at room temperature 


—|_ Specific Gravity at 


S| ny be 


20 | 40 | 60 


80% 90% 1008 H»SO4 


(from 18 to 22°C.). The whole apparatus could be lifted by means of the sheet 
metal vessel and shaken. According to the concentration of the acid from 40 to 
15 g. of acid were used which were sealed up in a thin walled glass bulb ending in 
two capillary tubes. After breaking off the two capillary ends the acid was 
allowed to flow out under the surface of the water in the calorimeter as quickly as_ 
possible, being forced out by means of dry air if necessary. Finally the glass bulb 
and the capillary tubes joined to it were quickly broken and thrown into the 
calorimeter. The apparatus was then shaken up and the highest temperatures 
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read by means of a Beckman’s thermometer divided into hundredths of a degree. 
Corrections were made for the water equivalent of the calorimeter and the 
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thermometer. The weights were not reduced to a vacuum because the error 
amounted to less than 10%. of the experimental error. Two titrations of the 
acid, independent of each other, were made and the avrag etaken. 

Example :— 


40°247 g. oleum, 91°07% SO,=51°38% free SOg. 
43°758 g. oleum, 91°07% SO,=51°38% free SO3. 
Increase of temperature in calorimeter containing 5 kg. HyO=2'610° and 2°835°, 
Calories found 
Correction for calorimeter 
14:3397 
Calories due to 1 kg. acid 827-70 


Average 327°895 


In determining the heats of solutions of solid oleum which however solidifies 
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completely only at temperatures lower than the room temperature, the loss of heat 
due to this cause was of course included in the calculations. 


The determinations were also made on a large scale. A wooden cask or hogs- 
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HEAT OF SOLUTION. 


Ee eee oo 


| | 
SOs. Free SO . | Calories. H,S0,, SO3. Free SOs. | Calories. 
% % % % 

CHIE arn eua HOA oOCoS AM Arees | llirerepsererea crete.» | 85°26 19°75 245° 27 

AQUI 44 ltrs sity inte sae Gis AG aati reteietetrersteras 87°31 30°91 v7" 

Beeler lee srainisieressterers CONV D aise il eisioreretetstenstetet = 89°08 40°55 299-05 

i Oe cl teratalerete Sareele = TOS OD cove Wiraisrscoteterascarsts 91°05 51°28 327-9 

GO olieallerrcrers ores ee POOR YS Gaal aap Angers c | 92°67 60°10 361°4 

(Set ies oman’ ace a Uaiiled cee alle Boeor ie 94°72 71°26 393°6 

(2 cpa ae aacscmad ANF Mee seo cell Reve setoal ob eve  atecets 96°62 81°60 433°5 

81°62 0-0 QA OGL oe Hice dare ciietie ere 98°48 97°81 470°6 
Bi aavarePelererarec ots 83°49 10°12 221°4 Aer An. 99°64 99°48 491°1 


HEAT OF SOLUTION OF SOLID FUMING SULPHURIC ACID. 


Total SO3. Free SO3. Calories. Total SO3. Free SO3. Calories. 
fo % he % 
89°4 42°3 271°0 96°28 49°75 408°8 
90°73 49°53 303 °2 98°14 97°32 436'1 
92°5 59°2 830°4 99°54 99°34 481°4 


94°5 70°1 369° 2 99°84 99°77 486°0 


head having a capacity of 500 liters was filled with 400 liters of water and closed 
by means of a wooden cover. The weighing was done on a platform scales 
which had been calibrated. The water in this calorimeter remained constant in 
temperature for a very long time after having been stirred with a wooden stirrer. 


Pee seen eseansweseewassasansaleet! 


Fig. 5.—APPARATUS FOR MEASURING ELECTRIC REsIsPANCE OF SULPHURIC ACID. 
A corresponding quantity of acid about 1 or 2 kg., was then added and the tem- 
perature taken with a Beckman’s thermometer divided into hundredths of a 
degree. The results of these two methods corresponded very well, and so have ; 
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not been kept separate. It may be stated however that the methods of determin- 
ing the heats of solution on a large scale is much simpler, and if the weighing 
is sufficiently close, at least as accurate as the ordinary method on a small scale. 


HEAT OF SOLUTION OF ORDINARY AND FUMING SULPHURIC ACID. 


: Heat of Solu- 
H.S80,. | Calories.|| SOs. H,SO,. | Calories. . | Free SOs. | Calories. | tions of Solid 
3 Oleum. Cal. 


82°08 93 
83°30 98 
84°53 103 
85°75 108 
86°98 113 
88°20 119 
89°43 126 
90°65 133 
91°88 139 
93°10 146 
94°33 152 
95°55 160 
96°78 168 
98°00 178 
: 99-23 188 
81°63} 100°00 193 
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210 
223°5 
237°5 
250 
265 
278 
292 
305 
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344 
863 
381 
401 
421 
442 
465 
490 
515 
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Electrical Resistance—The measurements of the electrical resistance of sul- 
phuric acid was made in the usual manner with an alternating current and 4 
Wheatstone bridge with telephone, in an apparatus of glass with electrodes of 
circular platinum plates 4 cm. in diameter and 1°5 cm. apart. The arrangement 
of the parts of the apparatus is shown by Fig. 5. In order to be able to empty 
and wash the apparatus most conveniently, a glass stopcock was attached at the 
bottom. The distance between the electrodes was made constant by means of 
platinum wires attached to them and melted into a U-shaped piece of glass tubing. 
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Tt was possible to measure differences of 0°02 ohm with sufficient accuracy. For 
monohydrate a slight deviation from the values given by Kohlrausch*® was found, 
the maximum resistance being at from 99-9 to 99°95% H,SO, instead of at 
from 99°74 to 99-75% H,S0O,. For these determinations the purest obtainable 
sulphuric acid, made from gaseous SO, was used. Otherwise the figures agree 
well with those of Kohlrausch. The determinations have been extended to 
100% SO;. These measurements were made in company with Dr. Bazlen. 


4° Particular attention is called to the exact investigations by W. Kohlrausch in Wiedermann’s Annalen, 
17-69, 1882, 
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ELECTRICAL RESISTANCE OF SULPHURIC ACID AT 25°C. 


SOs. -| H,SO,.} Ohm. SO3. | HagSO,4.| Ohm. || SOs. | H_SO,4.| Ohm. SO3. H,SO,. Ohm. 
% % to % % % % 

40°19 49°23 0° 235 65°14 79°8 |0:67 foul 97°01 |0°70 Min. || 81°27 99°55 |2°2 

48°80 59°79 0°29 67°04 82°14 |0°74 76°73 94°0 0°72 81°345 99°64 |2°7 

53°27 65°14 0°345 68°53 83°97 |0°75 78°45 96°11 |0°795 1} 81°425 99°74 |3°5 

57°54 70°55 0°43 69°12 84°68 (0°76 Max.|| 78°52 96°2 |0°79 81°455 99°78 |4°2 

60°28 73°85 0°475 70°23 86°03 |0°745 79°55 97°46 10°80 81°53 99°87 |5°7 

61°07 74°82 0°525 70°84 86°79 |0-74 80°22 98°27 {1°10 81°585 99°88 |5°7 

64:0 78:4 0°60 3°4 89°92 |0°705 80°98 99°21 [1°95 i 81°59 99°95 |7°45 Max. 
ra Kee a i eh LD tha A ee fe A Saar bi Pees 2 

ELECTRICAL RESISTANCE OF FUMING SULPHURIC ACID AT 25°C: 
Total | Free Total | Free Total | Free Total | Free 
SO;. | S05. | .Obm. SO. | SO, | CB™ |) go,. | so, | OP™- || so. | SO,. Ohm. 
% lo % % % % % % 

81°695 0°34 | 6°15 85°2 19°4 2°23 90°5 45-0 23°4 94°4 69°6 759 

81°74 0°5 5°35 86°3 25°5 2°95 90°8 50°0 53°0 95°4 75°0 1,265 

82°4 4:0 2°48 87°05 29°5 4°05 91°6 54:0 88-0 96°35 | 80:0 4,000 at 27°. 
83°44 9°8 2°20 88°3 36°3 6°65 92°7 60°3 220 96°87 83-0 6,650 at 32°, 
84°2 14°0 er Min 89-0 40°2 15.2 93°4 | 64:0 287 98°16 90:0 61,850 at 36°. 
84°7 16°7 2°15 : 


Corrosive Hffect upon Iron.—For these experiments there were used prismatic 
iron rods 10X10X10 mm., whose surface had been planed and smoothed. After 
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being freed from grease by means of caustic soda and alcohol, they were dried 
in a dessicator, weighed and laid for 72 hours in the acid whose corrosive effect 
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was to be determined. Then the acid was poured out, the rods washed with an 
excess of soda solution, hot water and alcohol, and carefully rubbed off with a 
cotton cloth. They were then dried in a dessicator and finally weighed. The 


DECREASE IN WEIGHT OF WHITE IRON AT 19°C. IN GRAMS PER SQUARE 
METER AND HOURS. 
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2177 99°30 : 0: 057 
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(a) Total SOs. (b) Free SOg. 


BOILING POINT. 


Melting Barometic 2 Melting Barometric 
H,S0,. | SOs. 3 Point. Pressure. : 3 Point. Pressure. 


4 % Mm. 4 Mm. 
61°69 | 50:36 140 750 2° 3° 212 759 . 
70°90 | 57-88 162 750 3° 6 170 759 
81°49 | 66°44 e 202 750 “At 98 125 759 
89°23 | 72°84 240 750 39°F 8: 92 759 
96°26 | 78°56 292 "50 3° 53° S 60 759 
98°54 | 80°44 B17 750 97° 48 159 
99°91 | 81°56 273 753 


experiments were carried out together with H. Schulze, Dr. Scharff and Dr. 
Slama. 
Boiling Points.—The temperature indicated at the first ebullition by a ther- 


it 300°C. 
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mometer dipped into the liquid was taken as the boiling point. If the liquid 
is allowed to boil with a reflux condenser, slightly higher values are obtained.*? 


42 See also Regnault Annalen d. Chim., 15-179, and Lunge’s Handbuch, 1898, 122-123. 
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Vapor Tension—Method: The vapor pressures of watery sulphuric acid 
were found in the ordinary manner by measuring the depression of the mercury 


DEPRESSIONS IN MM. QUICKSILVER. 


H.SO, 20°. 40°, 60°. 805. 100°. 
% Mm Mm Mm. Mm. Mm 

61°7 3 10 25 68 143 
70-9 2 3 8 22 57 
81°4 1 1 Tis 5 3 10 
89°23 
93°8 
96°26 0 Q 0 0 0 
97°76 
98°56 J 


column of barometer height at various constant temperatures. With fuming 
acids this method cannot be used, the free sulphuric trioxide attacking the mer- 
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cury. The measuring was therefore done in an iron apparatus by means of a 


manometer which method is probably sufficiently accurate for practical purposes 
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VAPOR TENSION OF VARIOUS FUMING SULPHURIC ACIDS (75%. VOLUME OF ACID 
AND 25% VOLUME OF AIR). 


Vapor. Vapor. Vapor. | Vapor. Vapor. Vapor. Vapor. 
Tension of Tension of Tension of Tension of Tension of Tension of /Tension of 
Acld. Acid. Acid. | Acid. Acid. Acid. Acid. 


Temperature 
309. 40%. 50%. 60%. 0%. 80%. 100%. 


Atmospheres] A tmospheres|Atmospheres|Atmospheres|Atmospheres|Atmospheres| Atmos. 
0°150 0400 
0°500 
0°650 
0°875 
1°200 
1°500 
1°900 
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Viscosity —Method: The acid was drawn up to the work in a cylindrical 
glass tube containing 320 ¢.c. narrowed at the top and having a diameter of 
28 mm. ‘The acid was allowed to flow out through a short opening about 
1:75 mm. in diameter. The time taken for equal volumes to flow out was 
160 Seconds 
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measured by means of a watch registering quarter seconds. The temperature was 
almost constant at 23°C. during these experiments. 

Capillarity—The rise in capillary tubes was measured in flat capillary tubing 
used for thermometers, carefully cleaned and dried for each determination; the 
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heights were measured in dry tubes and also in tubes previously moistened with 
the same acid that was to be tried. In most cases these determinations agreed 
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with each other. Where differences existed the height for the moistened capillary 
tube was taken as the correct one. The tube had a lens-shaped cross section. 


CAPILLARY ATTRACTION OF ORDINARY AND FUMING SULPHURIC ACIDS. 
; : Velocity of Outflow of Ordinar 
Capillary Attraction at 22° C. and Fuming Sulphuric Acid ‘é 
H2SO.4 SO, Free SO,. a aul Determined. - Determined. aes aro 
% % % Mm Seconds. 
cadaver suavarpnetiang) anata:  Gnknalecolster ere viata Rel brcloitvars etaroiats 100 85 T'5 100 
uaigmepned Pataca oct any | Une RD On On 95 29 81 %5°5 100 
5 ojo peeeauaers [onan Geren ret ewe lceoricie Teron TC 90°58 V7 75°75 100°3 
Nie ieaice real at eeenasa ee avertinaesfioecer eter wlevereraiarae 85°88 73 76°5 101 3 
SE oo | eeare ciarovaxanetaues] noneua re cgay sickest she 82°35 70 V5 102°6 
AGS Ase rat erate € piatalal| hescaiee eye eee 76°47 65 80°0 106°0 
BD Biri oeshe ok etteateiccayet | Mevaherarscin nies oles YA 61 82°5 109°3 
GBs Braid een eerste a cistal | Reraarecaret canton 65°88 56 86°5 114°6 
ake # Ua scat cids Reb ea cre ell Ng Eats eheleimtat ciate Gl: 27 52 95°0 125°8 
SUG 5 5 Ault arse secterateme|P mericieremietertce 55°88 475 104°5 138°4 
SH e ee ores esate e olperte ask teiaeve de 51°76 44 107°0 141°7 ‘ 
BGS Bi ok 22: ecoreatarors ail Mio crciaiore a stadol| SLL 43°5 107°25 142°0 
SOP Ria sire ciaiael carro Srilie su bistae ed alos 49°41 42 105-5 139°7 
GBs Bin ze' sal basco rms a: aorta rareinaeestavereratetts 44°70 38 98-0 129°8 
DGS elves sieedeserataictal eiore memen eaioters 42°35 36 103°5 137°1 
(a eetata PR eek inion VA PS 40°58 34°5 105°5 139°7 
Cloke) Pea liane erie wins arin RS fear os 40°00 34 106-0 140°4 
100°3 81°8 09 38°23 82°5 110°0 145°7 
100°9 82-4 4°2 38° 23 82°5 111°0 147°0 
101°9 §3°2 8°5 37°64 32 111°5 147°7 
103°4 84:4 15°1 37° 64 32 114°0 151°0 
104°4 85-2 19°4 86°47 31 117°5 155°6 
106°8 87-2 30°3 86°46 31 126-0 166°9 
108°8 88°8 39-0) 35°29 30 130°0 170°8 
111°2 90°8 49°9 35°29 380 150°0 198°7 
113°2 92°4 58°6 32°94 28 145°0 192°0 
115°6 94°4 69°5 29°41 25 109°5 145-0 
11871 96°4 80°4 25°88 22 95:0 125'8 
120°1 98-0 89°1 24°71 21 83°0 109°9 
122°5 99°8 98°9 23°52 20 76°0 100°7 


in length weighed 0°0366 g., one 52°5 mm. in length, 


A mercury thread 22 mm. 
0087 g., so that a length of 1 mm. corresponded to 0°00166 g. of mercury or 
a volume of 0°122 c.mm. 


TABLE TO CALCULATE THE FREE SO, CONTENT OF. FUMING SULPHURIC ACID FROM 
THE TOTAL 80, PRESENT. 


SO3. SOsz. SOg. SOsz. SO3. SOsg. SOs. 

Total. | Free. | Total Free Total. | Free. | Total. | Free Total Free. | Total. | Free.| Total] Free. 
81°63 0°0 843 14°5 87-0 29°2 89°6 434 92°2 57°65 94°8 | 71°7 | 97°4 | 85°8 
81°7 0-4 84°4 1 871 29 8 89°7 43°9 92°3 58:1 94°9 72°2 | 97°5 | 86°4 
81°8 0°9 84°5 15°6 87°2 80°3 89°8 44°5 92°4 58°6 95:0 72°8 | 976 | 86°9 
81°9 16 84°6 16°2 87°3 80°9 89°9 45°0 92°5 59.2 95°1 73:3 | 97°7 | 87°5 
82:0 2°0 84:7 16°7 v4 31°4 90°0 45°6 92°6 59°7 95°2 73°9 | 97°8 | 88:0 
82:1 2°6. 84°8 17°2 875 31 9 90°1 46°1 92°7 60°3 95°3 74°4 | 97°9 | 88°6 
82°2 Sel 84°9 8 87°6 82°5 90°2 46°6 92°8 60°8 95°4 750 | 98°0 | 89°71 

2°3 3°6 85°0 18°3 87°7 33°0 90°3 47°2 92°9 61°3 95°5 75-5 | 98-1 | 89:7 
82:4 4:2 | 85-1 18°9 | 878 | 338°6 | 90:4 | 47-7 | 9830 | 61:9 | 95:6 | 76-1 | 48°21] 90-2 
82°5 4°7 85:2 19°4 87-9 84°1 90°5 48°3 93°1 62°4 95°7 76°6 | 98°3 | 90°7 
82°6 5°3 85°3 20°0 88-0 34°7 90°6 48°8 93°2 63°0 95°8 77'1 | 97-4 | 913 
82°7 5:8 85-4 20°5 88°1 35°2 90°77 49°4 93°3 63°5 95°9 77°7 | 98°5 | 91°8 
82°8 6°4 85°5 21°0 88°2 85°8 90°8 49°9 93°4 64:1 96:0 78°3 | 98°6 | 92:4 
82°9 6:9 85°6 21°6 88°3 36°3 90°9 50°5 93°5 64°6 96°1 78°8 | 98°7 | 92°9 
83:0 9°5 85:7 22°2 88°4 36°8 91:0 51°0 93°6 65°2 96°2 79°3 | 98 8 | 98°5 
83:1 8:0 85°8 22°7 88°5 74 91°1 51°6 93°7 65°7 96°38 79°9 | 98:9 | 94:0 
83°2 8:5 85°9 23°2 88°6 387°9 91°2 52°1 93°8 66°2 96°4 80°4 | 99°0 | 94°6 
83°38 9-1 86°0 23°8 88-7 38°5 91°3 52°6 93°9 66°8 96°5 81°0 | 99°1 | 95:1 
8B°4 9°6 86°1 24°3 88°8 39.0 91°4 53°2 94:0 67°3 96°6 81°5 | 99°2 | 95°6 
83°5 10°2 86°2 24°9 88°9 39°6 91°5 53°7 94°1 67-9 96°7 82°0 | 99°3 | 96°2 
83°6 10°7 86°3 25°4 89-0 40°1 91°6 54-3 94°2 68°4 96°8 82°6 | 99:4 | 96°7 
83° 7 1£:3 86°4 26°0 89-1 40°6 91°7 54°8 94°3 69°0 96°9 83°1 | 99°5 | 97°3 
83°8 11°8 86°5 26°5 89°2 41°2 91°8 55°4 94°4 69°5 970 83.7 | 99°6 | 97°8 
83°9 12°3 86°6 27-0 89°3 41°7 91°9 55°9 94°5 70°1 971 84°2 | 99°7 | 98°4 
84°0 12°9 86°7 7°6 89°4 42°3 92°0 56°4 94°6 70°6 97°2 84°8 | 99°8 | 98°9 
84:1 13°4 86°8 28°1 89°5 42°8 92°1 w°C 94°7 41°22 97°3 | 85:3 | 99°9 | 99°5 
84°2 14:0 86°9 REIL i bcrvesee asec tte rer ie decade skate, wise Guo oTarores ale kode iavelerexeis losae tare el] aia eata a eau ade nee wea [ oceania 


TALC AND SOAPSTONE; 


THE production of fibrous tale in 1901 was 69,200 short tons, valued at 
$483,600, showing a large increase compared with the figures for the previous 
year. The production of common tale during 1901 is included with soapstone ; 
the output in 1900 was 7,770 short tons ($60,217)... The output of soapstone 
amounted to 28,643 short tons ($424,888), against 18,956 tons ($189,560) for 
the preceding year. 


PRODUCTION AND IMPORTS OF FIBROUS TALC AND SOAPSTONE IN THE UNITED 
STATES. (IN TONS OF 2,000 LB.) 


Production. Imports. (6) 


Fibrous Talc. Common Tale. Soapstone, 


Tons. | Value. |PerTon| Tons. | Value: |PerTon| Tons. | Value. (a)|Per Ton 
| 


| 
52,836 | $283,685 | $5°37 | 10,164 } $90,908 | $8" 16,904 |$169,040 | $1000 | 799 | $8,428 | $10°54 
54,807 | 285,759 | 5°21 | 9,112 | 78,645 “63 | 18,862 | 158,635 8:41 | 445] 5,526 | 10°70 
57,120 | 272.595 | 4°77 | 6,671 | 51,763 “71 | 20,011 | 189,504 9-47 | 254] 3,534 | 18°91 
45.000 236,250 5°25 770 60,217 mage 18,956 189,560 10°00 és) 1,070 13°50 
69,200 | 483,600] 6°99 | (ce) (c) ») |@28,643 | 424,888 | 14°88 | 2,886) 27,015 | 11°32 


(a) In reporting the value of their output of soapstone producers generally give the figures for the finished 
articles which they make. Since a varying proportion of labor enters into these,.such figures are apt to be 
misleading. Few producers are able to name a, value of the crude stone, or roughly dressed blocks. We have 
therefore valued the material arbitrarily at this stage at $10 per ton, except in 1898 when a large production of 
inferior stone reduced the average. The value in 1899 is that reported by the producers. (6) Tale, ground, 
powdered or prepared. (c) Included with soapstone. (d) Includes common tale, 


Fibrous Talc.—The larger part ‘of the fibrous tale production continues to 
come from St. Lawrence County, N. Y., and its use for incorporation with paper 
pulp is increasing. A consolidation of a number of small properties will in all 
probability develop an increased production, during 1902. Fibrous tale also is 
largely used for paint and plaster for walls. 

Talc and Soapstone-—The bulk of the Virginia output of soapstone is manu- 
factured into articles of utility by the producers. Considerable amounts of the 
North Carolina tale found its ultimate usage in paper making. There was a 
large increase in. the output of pyrophyllite soapstone from Moore County, N. C. 
during 1901. The greater part of the tale which is used for the manufacture of 
pencils, and of coal and acetylene gas tips, is obtained from Swain County, N. C. 


This variety of tale commands the highest prices of any in this country. There 
appears to be an increasing demand in the United States for tale suitable for 
grinding to flour, 


TEN. 


As in previous years, there was no production of tin in the United States 
during 1901. Some experimental work was carried on in the Black Hills, South 
Dakota, and at one prospect near Oreville five tons of selected ore was concen- 
trated to 1,361 lb. of tin oxide (cassiterite) which contained gold to the value 
of $10. The total value of the product was reported to be $1,525. The process 
consisted of heap roasting with wood fuel, dry crushing to SOamneels size and 
concentration on Wilfley tables. Several hundred tons of low-grade ores have 
been mined for exploitation purposes, but as yet the tin industry in the Black 
Hills has not been placed on a commercial basis. 

The separation of tin from tin-plate scrap was continued during 1901 by the 
Vulcan Detinning Co., which early in 1902 was capitalized at $3,500,000 to 
acquire the Vulcan Metal Refining Co., of Sewaren, N. J., and the Vulcan 
Western Co., of Streator, Ill., the production of both plants during 1901 being 
about 500 ton of pig tin. The production of The Ammonia Co., of Philadelphia, 
from scrap tin during 1901 was about 75 tons of pig, which was chiefly converted 
into chloride of tin. ‘The production of the Johnston & Jennings Co., of Cleve- 
land and Chicago, from scrap tin was about 250 tons, partly made into pig and 
partly into tin oxide. 


IMPORTS OF TIN INTO THE UNITED STATES. 


Year. | Pounds. Value. Year. Pounds. Value. Year. Pounds. Value. 
1896) si. 5 es 44,639,32¢ $5,848,933 TSOB Sie ast 62,748,399 | $8,770,221 T9005: 69,989,502 | $19, 458,586 
IBOG coe iol 55,172,571 7,415,933 18995 ese. 71,248,407 16,746,107 || 1901....... | 74,560,487 | 19,024,761 

|| 


THE PRINCIPAL TIN SUPPLIES OF THE WORLD. (@) (IN LONG TONS.) 


1894, 1895. 1896. 1897. 1898. 1899, 1900. 1901. 
Finglish:- DrOGUGhOM: cp iicersiasclsis v'eicles) sivditie so sie 8,328 6,648 4,837 4,453 | 4,648 4,013 4,268 4,125 
Straits shipments to Europe and Ameri ica. 45,640 47,840 | 47,180 | 41,700 | 43,850 | 44,460 | 46,070 49,925 
Australian shipments to Europe and Ameri ica] 5.824 4,992 4,320 3,466 | 2,420 3,337 3,178 3,345 
Bankassales amprrolann din. casas cise citee'o sielereters 5,626 6,221 6,735 8,900 9, 038 9,066 | 11,820 14,978 
Sales of Singkep in Holland................. 261 644 839 800 Nil. | Nil. vil. Nil. 
Billiton sales in Java and Holland.......... 4,735 4,539 5,040 5,100 5,342 5,057 5,820 4,387 
Bolivian arrivals: ONY CONvIMENE «Ue cieicc ce'c.e cs oisjs | slike ese ls aac 210 1,208 1,000 813 1,900 |) ey 
Bolivian arrivals in England................- 3 4,097 3,829 4,298 8,464 8,940 5,037 | ¢ 9,670 
Straits shipments to India and China........ 4,655 | 4,674 | 6,118 | 3,214 | 2,551 1,484 1,785 2,650 
Votals in One CONS a. tececkere viavcicie bioietie 8 om 78,551 79, 655 79,108 | 73,189 | 71,763 | 72,557 | 79,878 89,080 
Potals:MsMethic TONS ewer vie cecs'e tc weet 79,808 | 80,980 | 80,374 | 74,809 | 72,911 | 78,718 | 81,156 90,505 
} | 


(a) This table is based on the statistics compiled by William Sargant & Co. and Ricard & Fr eiwald, but { the 
fizures of English production are taken from the British blue-book. This table does not include the production 
of Germany, Austria, Spain, Portugal, and various other countries. 
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PRODUCTION OF TIN IN THE WORLD. (7) 


Banka 
Australia. Austria. and _ |Bolivia. England. Germany. 
(a) (b) Billiton.| (d) (e) 
pes EE 
| 


Value. |Per M| Met. | Value. |Per M! Metric | Metric} Met. | Value. |Per M) Met. 
(0) Ton. |Tons.| (0) Ton. | Tons. | Tons. |Tons. (0) Ton. |Tons. 


$496,060] $286 | 54 | $18,260 | $341 | 11,968 | 4,104 | 4,915 | $1,538,390 $313 | 826! $238,017 
350.640| 303 | 48 | 16,806) 350| 14,224 | 5,594 | 4’524 |) 1.456,680| 322 | 929| 287,829 
302.825 383 48 | 19.074/ 397 | 14.610 | 4.535 | 4:722| 1,729,060! 366 | 993] 372.252 
490,690] 587 | 41 | 24.639| 601 | 14,496 | 8,012 | 4,077| 2)540;470| 623 | 1,481] 870,750 
600;160| 656 | 40 | 28,066) 72| 18,934 | 10,245 | 4386! "(p) | (p) | 2,081)1,332°750 


Straits 
Settle- Tasmania. 
ments. (m) 

(1) 


Per M| Met. | Met. fet. | Value. 
Ton. |Tons.} Tons. cote ()) 

| 

} 4 | os 


852 | 53,964 9 |$1,327,369! $290 | 83,237 
813 | 45,632 749,970| 75,409 
Nil. il. 685 | 46.635 | 2.038} 705,810) 346 | 75.211 
Nil. al. 678 | 46,679 | 2.275 | 1,355,438 3 | 78,592 
Nil. il. 5 575 | 46,795 |” (p) 83,015 


(a) From Report of Secretary of Mines and Agriculture of New South Wales, which is the only Australian 
colony that produces metallic tin. Tim ore is also exported from New South Wales. Tin ore is produced in 
Victoria, Queensland, South Australia, and Western Australia, but its metal contents are reported in the pro- 
ductions of other countries. 

_(b) From the Statistisches Jahrbuch des K. K. Ackerbau-Ministeriums. The tin production of Austria is 
Bessie partly from domestic ores, and partly from Bolivian ores and impure tin from the East imported for 
refining. 

(c) Total sales in Holland and Java as reported by William Sargant & Co. 

(ad) Exports of tin and tin in ore from Bolivia to England and the Continent. Some of this tin may be pro- 
duced in Peru. It is all exported through Peruvian and Chilean ports. 

(e) From Mineral Statistics of the United Kingdom. These figures give the amount of tin estimated to be 
obtainable in smelting the ore of domestic production. They differ considerably from the figures used by 
William Sargant & Co., which are possibly obtained directly from the smelters. 

(f) From Vierteljahrs und Monatshefte zur Statistik des Deutschen Reichs. By far the larger part of this 
production is from Bolivian ores. 

(9) From the Resume Statisque de 1 Hmpire du Japon. 

: ®) Bovording to export returns. Small amounts produced by natives for domestic consumption are not 
included. 

(i) From official returns furnished by the Portuguese Government. The figures for 1896 include tin ore. 

) From Russian official reports. : 

(k) The figures represent sales in Holland, reported by De Mouchy & Havelaar and W. Sargant & Co. 

(1) Shipments from the Straits to Europe and Amerie:, as reported by William Sargant & Co., and to India 
and China by Boustead & Co., except the figure for 1896, which is taken from the Report of the Governor of 
the Straits Settlements. 

(m) From Report of the Secretary of Mines. : 

(n) It will be observed that this table differs from the statistics usually referred to for the world’s production 
of tin, namely, those of William Sargant & Co.,and of the Metallurgischegesellschaft Frankfurt-am-Main. 
This is because (1) they reckon Australian shipments to Europe and America, instead of the Australian pro- 
duction, whereby a good deal of Australian tin consumed at: home is not included; (2) shipments from the 
Straits to India and China and the production of several minor countries are not included. A small amount 
of t:n produced in Spain is necessarily omitted, owing to the absence of statistics for that country. 

(0) In cases where the statistics in the above table have been taken from official sources, wherein values of 
product have been stated, a calculation of unit values has been made. This developed some amazing differ- 
ences, which aré undoubtedly due to making value calculations at different stages of the product; i.e., more 
or less cost of carriage is included. 

(p) Statistics not yet published. 


Alaska.—A discovery of stream tin on Buhner creek, 10 miles east of Cape 
Prince of Wales, in the York gold field has been made. Two to three feet of 
gravel overlie the bed-rock which consists of arenaceous schists, often graphitic 
and graphitic slates. The stream tin is concentrated on the bed-rock with small 
amounts of magnetite, limonite, pyrite, fluorite, garnets and gold. A second 
locality is on the Anaovik river, into which Buhner creek flows, and is about 
0-5 miles from the latter deposit. Recoveries of from 150 to 200 lb, of cassiterite 
per cu. yd. are reported. 


TIN. 639 


AUSTRALASIA.—New South Wales——The total value of the tin produced in 
New South Wales in 1901 was £77,315, as compared with £142,724 in 1900, 
and £90,482 in 1899. The tin mining suffered greatly from drought in 1901, 
and to a less extent by the lower prices for the metal. The number of men em- 
ployed on the alluvial and other deposits during 1901 was £1,428. The principal 
lode mine continues to be the Ottery, in the Emmaville district. 


STOCKS OF TIN IN ENGLAND, AMERICA AND HOLLAND. (@) (IN LONG TONS.) 


1894. 1895. 1896. 1897. 1898. 1899, 1900. 

Stocks, December 31— 
Stock of foreign im-‘London. . 23... 3 j43 go. aferee cle tien eed 8,985 | 13,539 | 18,097 | 15,146 8,110 5,486 4,286 
Foreign landing in London..............s.sssseeecees 1,189 1,025 1,174 676 165 1,212 1,297 
Straits afloat for London, including wire advices....| 3,778 2,825 2,792 2,500 1,050 2,900 3,835 
Australian afloat for London, including wire advices 650 825 525 600 400 450 350 
Banka: on warrants in Holland 'aeu\5)s cie..si) esi o syro's tie 1,006 1,154 1,616 2,877 2,228 1,160 837 
BillitonsinyONanderracn wis vice sotaeine vette dee oe eee ee 1,632 1,507 1,638 1,328 1,036 470 330 
Billitoniafloat fortHollanGsiss che qasccle cage teeha pire ee 1,129 1,097 1,742 1,193 1,322 1,050 350 
Straits stock: mr Hollands) ohcness cacccce cases ones Osis 767 277 789 377 454 100 60 
Straitsiatloat for dolla nds vn csnisyseceic sa tcicleb isto gerd feisie serrate ae caeeiete 950 100 BLS awn sa taoa nates 
Straitaraloat-fortComvinonts:. asc ctiscs onc Macioiesiateletein eles] «sishuitie sells ese peren 650 600 560 450 590 
Bolivianwnivierpopleshsu oci-iaisslerisfeisycideis aeiavercas oboe 494 492 250 710 300 550 495 

Mo tial BLOCKS ocr. eeece eee one ahs oehiges Pale siiu eagle oes 19,630 | 22,741 | 30,228 | 26,104 | 15,840 | 18,828 | 12,430 
Estimated stock in America and quantity floating ...} 3.820 6,823 3,925 4,500 4,300 2,500 2,600 

Grand ttotals titi. ase cats ccio's He seacheioe a nsoate ene 23,450 | 29,564 | 34,148 | 30,604 | 20,140 | 16,328 | 15,030 


Trading Co.’s res’v’s of unsold Banka stockin Holland| 5,77 6,140 5,953 4.333 3,213 4,353 5,347 


(a) From the annual metal circular of William Sargant & Co. 


CONSUMPTION OF TIN IN ENGLAND, AMERICA AND HOLLAND. (a) (IN LONG 


TONS.) (0b) 
1895. | 1896. | 1897. | 1898. 1899. 1900. 
Consumption— 

Deliveries from London after deducting all shipments to 
PATIVOPIGHL 4 siisietsakate pote etnies sces hiabatal eieiarstonstecs sramistaue maamctershe emaares 17,222 | 19,015 | 17,118 | 15,472 | 18,519 | 16,061 

* Deliveries from Holland after deducting exports to London 
" ee panes Sen UE leah hic pecs Poca Mme riot ane 10,150 | 11,680 | 12,180 | 13,094 | 14,416 

nglish consumed at Home.............ecee cess seer cescecenee L 

Exports of English, minus quantity shipped to America..... 5,530 | § 5,000 4,400 4,600 | 4,400 8,500 
American consumption of all sorts.............ccseeceeceeees 22,500 | 29,500 | 22,500 | 28,500 |} 31,500 | 31,100 
Billiton sent to other ports than Holland..................++. 1,532 1,603 1,370 2,120 1,930 2.400 

Straits direct to Continent, less re-exports to America and 
1Dyet= 11001 Re NPR een Es tei PSE Br iG Hed Ses ICC ROAC RAR ete DERI err Cie 7,622 | 11,40 9,170 | 12,740 | 6,470 | 5,400 
Bolivian delivered from Liverpool...........sseseeeees stents 4,099 4,071 8,838 3,874 3,690 5,092 
Bolivian delivered from Continents) sic. i ieiisieale iy 6.8 6 dd ce ness oan since 210 1,208 1,000 813 1,900 
WQUAIAS 2 eons (ods to de ok ss cd de Soave teeomaaaales 68,522 | 71,949 | 71,284 | 80,436 | 75,416 | 79,869 


(a) From the annual metal circular of William Sargent & Sons. (b) Not classified for 1901. 


Northern Territory.—Lode and stream tin are found in workable quantities 
at Mount Todd and Horseshoe creek. Several hundred weight which averaged 
well in value were shipped out to Sydney early in 1902 and a number of parties 
are prospecting. The stream tin runs from pieces the size of shot up to 7 
to 8 lb. in weight. 

Queensland.—The value of the production of tin in Queensland during 1901 
was £93,723, as compared with £74,041 (1,141 metric tons of dressed tin ore) 
in 1900. Early in 1902 the main shaft of the Great Northern Freehold Tin 
Mine, at Heberton, was completed, the latter part of the sinking passing through 
very favorable tin formations. The Smith’s creek tin mine, seven miles from 
Mount Garnet, is said to have a lode 30 ft. thick yielding 30% of 70% ore on 
its 24-acre lease. A company capitalized at £7,200 has been organized to operate 
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the property. The prospecting of the New England mine on Smith’s creek, near 
Mount Garnet, appears to have been of a favorable character, specimens of the 40 
to 50 lb. weight of stream tin 70% pure having been obtained. In the latter half 
of 1901 the Vulcan tin mine, at Irvinebank, crushed 2,097 tons of stone for a 
yield of 181 tons of black tin, valued at £6,793, and £1,650 was declared in divi- 
dends. A new power battery has been erected, which is expected to increase the 
output. : 

South Australia.—The production of tin ore in South Australia was 17 metric 
tons, valued at £774 in 1900, as compared with 2 statute tons, valued at £180 
in 1899. 

Tasmania.—The output of tin ore was less in 1901 than in the preceding 
year. This unexpected result being due principally to the poorer quality of the 
ore raised from the Mt. Bischoff mines, the most productive in the State. The 
mining in the St. Helens district is principally alluvial, among the companies 
operating being the Royal Ruby Tin Mining Co., Thureau’s Deep Lead Tin 
Mining Co., the Upper Ruby, the Rose Tin Co., and several smaller companies. 
The Scamander Tin & Gold Mining Co. was recently organized to treat by 
hydraulicking the extensive alluvial flats on the banks of the Scamander river 
for the recovery of gold and tin. The Briseis mine, on the Ringarooma river, 
owned by the Venture Corporation, has constructed a water supply race 3 ft. 
deep by 6 ft. wide, by 30 miles in length, to insure a water supply during the 
dry season. By means of this head of water the basalt overburden is removed at a 
cost of 2d. per cu. yd., and the tin drift somewhat cheaper. The amount of 
tin ore recovered from the drift is estimated at about 0°8%, and an output of 
from 150 to 200 tons per month is anticipated. Across the Ringarooma river the 
Ringarooma Tin Mining Co. has installed a 1,000-H.P. pumping plant which has 
been for some time hydraulicking the overburden with good prospects of suc- 
cess. ‘he Pioneer Co. works a flat deposit by means of a 250-H.P. engine, at 
a cost of £10 per H.P., and sand-pump placed on a flat boat, which is floated 
into position, and the water then pumped out until the boat rests on the bottom. 
The drift in this mine is first sluiced down by water under several hundred fect 
of pressure, and then elevated by a pump nearly 80 ft. to a tail race; 1°5 cu. yd. 
of drift per minute are raised, using about 40 cu. ft. of water, and over 40 tons 
of tin ore, valued at £70 per ton are secured per month. The Anchor Tin. 
Mine, Ltd., has had under construction during 1901 a 39-mile water race, which 
is to be extended to the South George river, tapping the Waratah creek and the 
North George river on the way. The cost of this improvement is expected to 
be about £15,000 when completed about June, 1902. The ore is of very low grade, 
but apparently inexhaustible in quamtity. It is anticipated that the entire mill of 
100 stamps will be run by water power when the same is available. Early in 1902 
a plan for the reorganization of the company was proposed. The issues of first 
debentures aggregating £15,000 at 7%, and the second debentures aggregating 
£10,000 at 10%, were consolidated into first debentures at 75% per annum. 
The new corporation of the same name is to be capitalized at £120,000, against 
the previous capitalization of £150,000, and a call of 5s. per share, which will 
realize £28,500, was issued, the which, after paying outstanding debts, was esti- 
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mated to provide £14,000 for working capital. The percentage of tin extracted 
since 1898 has ranged from 0°32 to 0°38%. Tests by the Government Assayer of 
the tin ore from the deposits on Schouten Main yielded by assay from 12 to 4% 
tin, the ore occurring in tin granite. Tests made of the alluvial from the 
Schouten Main Mining & Dredging Co.’s claims averaged 2 lb. tin or 2°86 Ib. 
tin ore (at 70%) per cu. yd The deposits would pay with careful management. 
The Mt. Bischoff Mining Co. during the six months ending December 31, 1901, 
smelted 1,416 tons of concentrates yielding 980 tons of tin; of this 633: tons, 
yielding 440 tons of tin was smelted on account of the company. The accounts 
at the end of the year showed a credit balance of $234,015 after distributing 
$200,695 in dividends and writing off various amounts at the rate of 20% for 
depreciation. The average percentage of concentrates obtained from the ore 
was 1°312%, and the total output from the foundation of the company up to 
December 31, 1901, was 59,656 tons. 

Western Australia.—The total quantity of black tin mined during 1901 
amounted to 734 tons, valued at £40,000, against 824 tons, valued at £56,702 
in 1900. The output of the Greenbushes mining district during 1901 was 321 
tons, valued at £18,852, while that of the Marble Bar district was 419 tons, valued 
at £21,148. 

Bolivia.—One of the most important tin mining districts in Bolivia is that 
of Huanuni, where the ore occurs in numerous veins and lodes traversing the 
granitic country rock. Most of the veins are very rich in ore, but considerable 
difficulty is experienced in extracting the tin on account of the extreme hardness 
of the veins and the adjoining rocks. A considerable amount of tin pyrites is 
found, from which the tin is extracted by calcination and subsequent grinding 
and washing. About 10 miles south of the Huanuni are the Challa Apacheta 
mines, which are opened on several lodes, one of which is remarkable for its ex- 
tent, the veins being from 25 to 30 ft. in width. The tin ore is found here in 
granular form interspersed through an argillaceous matrix, which doubtless 
represents the weathered product of original vein materials. In the Ouroro dis- 
trict, which exported 8,177 metric tons of tin ore in 1900, is the Avecayo deposit, 
while to the east of this district are the mines of Berenguela, both of which yield 
considerable quantities of ore. The exports of Bolivian tin from Antofagasta, 
Chile, during 1900 were 8,721 long tons of small tin bars, valued at £195,271 ; 
2-75 long tons of tin, valued at £520; and 76 long tons of tin minerals, valued 
at £370. 

France.—Small veins carrying cassiterite are known to occur near Vaulry, on 
the Limoges-Bellac railway, and have been worked from time to time without 
however attaining the position of an established enterprise. Recently a new 
company—the Société des Mines de Vaulry et Cieux, secured a concession of 
alluvial ground near by from which it is producing some ore. The method of 
extraction includes washing of the gravels and concentration on Wilfley tables. 

Malay Peninsula—The total output of tin for 1901 was 46,984 long tons, 
against 42,442 long tons in 1900. The increased price of tin during all of 1900 
and the early part of 1901 stimulated production in fields formerly abandoned as 
too low grade, and labor was plenty during both years. The production of the 
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individual Federated Malay States for the years 1900 and 1901 will be found in 
the subjoined table :— 


1900. 1901. 


Malay States. 
Long Tons. Metric Tons. Long Tons. Metric Tons. 


21,166 21,506 22,920 23,287 
Selangor 16,041 16.298 18,018 18,306 
Negri-Sembilan... 4,300 4.369 4.479 4.551 
Pahang........... 935 950 1,567 1,592 


Totals 42,442 “43,128 46,984 47,736 


The report for 1901 of the Pahang Kabang, Ltd., shows that while a profit of 
£786 was made on total receipts of £3,020, the average yield per ton of gravel 
or black tin was but 46-7 lb., or about the same as the recoveries at Dolcoath, 
Cornwall. 

Late in 1901 the Tronoh Mines, Ltd., capitalized at £160,000 was registered 
to work mines at Tronoh. A full equipment of modern mining machinery will 
be installed. 

A recent examination of the tin deposits of Johore results in the discovery of 
large tin fields in the vicinity of Ayer Putch. While the surface tin is difficult 
to save by Chinese methods, owing to its fineness and association with iron, the 
coarser gravels near bed-rock are said to yield large recoveries. 

United Kingdom.—The Doleoath Mine, Ltd., during the second semester of 
1901 earned a net profit of £16,274, against £16,902 for the previous half year. 
A call of 2s. 6d. was made on the partly paid shares, which increased the capital 
stock by £2,157 15s. A number of improvements were made in the mining and 
milling plants, which it is thought will increase the output of tin and at the 
same time reduce the working costs. From the total cash surplus of £17,024 10s. 
a dividend of £7,481 6s. was paid the shareholders, leaving £8,932 3s. to be 
written off capital account and £611 1s. to be carried forward. Its statistics of 
production for several years are given in the subjoined table :—- 


Six Months Tin Ore Black Tin Product Average Value |Average Price per Amount 


Crushed. Sold. ere per Ton of Ore. |Ton of Black Tin. Realized. 


| 


ye — | 
Tons. Teer Ge aquibe| 
June 30, 1897 85,879 | 1,021 17 0 22 
December 31, 1897 87,686).| 1,07385:2 129 
June 30, 1898 88,089 | 1,140 7 2 22 
December 381, 1898 40,608 | 1,162 00 0 
June 80, 1899........... 41,101 | 1,087 19 1 23 
December 31, 1899....... 41,639 | 1.040 18 1 10 
June 30, 1900 45,102 | 1,048 90 0 
December 31,‘1900 43,254 960 19 1 21 
June 30, 1901 47,603 | 1,001 181 5 
December 381, 1901 48,975 | 1,038 13 1 18 


£ s. 
38,760 7 
40,636 19 
45,221 15 
54,497 6 
69,222 
82,651 
86,364 
77,750 
73,182 
70,676 2 6 
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THe Tin MARKETS IN 1901. 


New York.—The tin market maintained its reputation as a center for specu- 
lative trading, and the prices, as in previous years, showed extensive fluctuations 
which were not traceable to any corresponding change in the statistics. In fact 
the supplies of the metal apparently exerted little influence on quotations in times 
of heavy buying or depression from outside sources. To a large degree the market 
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freed itself from the influence of silver prices. Consumption throughout the 
year was heavy, with only short interruptions on this side of the Atlantic, our 
market very often moving entirely independent of that of London. Futures 
could at nearly all times be bought at a discount. On the other hand, the scarcity 
of labor caused by the Chinese war, which made itself felt last year to the detri- 
ment of the production in the far East, was followed by an abundant supply. 

The year opened rather dull, spot tin selling at about 26°50c., and consumers 
and speculators not taking much interest in the article. By the middle of March 
prices had declined to 25°5e. Business then became more brisk, and stimulated 
by speculative buying the market advanced to 28°50c., which was the closing 
quotation at the end of May. It kept steady throughout the month of June at 
about that figure. Somewhat later, the steamer Asturia with 750 tons of tin 
aboard foundered, and the London market was practically cornered, spot tin over 
there at one time selling at £140, and three months at £123 15s., a backwardation 
of nearly £17. A sharp decline abroad carried prices down also in this country, 
and during August spot tin could again be bought at 26-5c. 

During September, the strike at the mills of the United States Steel Corpora- 
tion exercised a depressing influence on the market. In view of the heavy fluctua- 
tions in London and the large backwardation manufacturers allowed their stocks 
to run down and confined their purchases to their immediate requirements. 
With spot tin ruling at a premium of from 1 to 2c., quotations nevertheless 
steadily declined until 24-5¢. was reached the beginning of November. About 
the middle of the month, the lethargy which had prevailed for such a long time 
gave way to considerable activity. The steel strike came to an end, and while 
the consumption apparently was very large, the available supply in sight was 
quite small. This caused prices to advance by leaps and bounds, and during the 
last few days of November it developed that the market to all intents and pur- 
poses was cornered. Some belated bears had to pay 33 and 35c. to cover their 
commitments. These extraordinary conditions were soon followed by a sharp re- 
action. The Hast was selling freely at the high values which had been established ; 
several overdue steamers arrived with large quantities of tin aboard, and in sym- 
pathy with the heavy decline in copper, prices suddenly broke to 25c. About the 
middle of December, the failure of one of the most prominent operators on the 
London Metal Exchange was announced, and another heavy decline set in, spot 
tin selling at 23c. Consumers bought freely at this figure, and the year closed 
with spot tin selling at 23°37@23'75c. and futures at 23@23°25c. 


AVERAGE MONTHLY PRICES OF TIN IN NEW YORK. 


Year. Jan. | Feb. | Mar. |April| May. | June.| July.| Aug. | Sept.| Oct. | Nov.| Dec. lYear 


Cts. | Cts. | Cts. | Cts. | Cts. | Cts. | Cts. | Cts. | Cts. | Cts. | Cts. | Cts. Cts. 


UO eretors cisiete'ets a-se'e etalets icteleieiele 13°44) 13°59) 13°43) 13°34} 13°44} 13-77] 13°89] 13°80] 18°98] 13°88] 13°79] 13°71 13°67 
eo Manoncteeadcacne queda ote 13°87) 14°08) 14°38] 14°60] 14°52] 15°22) 15-60] 16°23] 16-03] 17-42] 18-20] 18-30 15°70 
GOO ivinieter eeycl atid ei cielalth aia SE 22°48) 24°20! 23°82) 24 98) 25°76) 25°85] 29°63] 81°53) 32°74] 31°99] 28-51] 25-88|95-19 
WOOO orisceraceisePeualsresetits eiarareataterales 27°07) 80°58) 32°90) 30°90} 29°37] 30°50) 33°10) 31°28] 29-42] 28-54] 28-25] 26-94/29-90 
UGOMSavsig vile pin olere pbibreteiafassiede ae 26°51 eee 26°03) 25°93} 27-12) 28°60) 27°85) 26°78] 25°31| 26°62] 26°67] 24°36/26-54 


London.—At the commencement of 1901, the statistics showed a decrease, ex- 
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cluding American, of 2,132 tons, and a total visible supply of about 23,000 tons. 
In the latter part of December, 1900, the price rose to £124 in anticipation of 
large American purchases, but buying declined toward the close of the year, and 
January opened with the market at £122 10s. for all positions, but prices gradu- 
ally dropped to about £118. Toward the close of the month, however, business was 
fairly active, and £123 17s. 6d. was touched for close dates. Forward tin was 
freely offered, the month closed at £121 5s. cash and a backwardation of £4 on 
three months. Statistics at the beginning of February showed a further decrease 
in European stocks of 396 tons, but supplies during January had largely exceeded 
the demand, and the total tonnage in sight was increased by 1,600 tons. On the 
strength of the above European figures the month opened with prices at £123 for 
early deliveries; the backwardation on forward increasing to about £5. Toward 
the middle of the month prices declined, and the closing quotations were £121 
cash and £115 12s. 6d. three months. March opened with a decrease of 786 tons 
in European stocks and a further addition ‘to the total visible supply. Heavy 
arrivals in London eased spot prices, and values gradually sank to £118 10s. for 
early dates, £115 for end of April and £113 7s. 6d. for three months. The end 
of the month saw prices at £115 5s. for cash and £113 for three months, with 
a dull tendency. Consumptive demand was very small in Europe, but a large 
quantity of arrival tin was taken out of the English market for shipment to 
America. In the early part of April sellers were persistent, and in spite of good 
orders from America values fell away until £113 15s. cash and £111 5s. three 
months was touched; the downward tendency being assisted by the increase in 
European stocks of 1,316 tons. Later in the month a good consumptive demand 
came to the assistance of the market, and prices reached £115 15s. cash and 
£113 10s. three months. After numerous but small variations in. price, final 
quotations stood at £118 cash and £115 three months. Consumptive demand was 
good throughout the month both at home and from America. The figures at the 
opening of May showed a decrease of 3,725 tons in English and Continental 
stocks. The market opened firm at £118 7s. 6d. cash and £115 for three months, 
increasing later to £120 10s. for cash and £118 for three months. Eastern sellers 
were scarce and consumption remaining good, the bulls easily manipulated a rise 
of £4 per ton for all positions. Toward the end of the month the position became 
still firmer and the market went up to £130 for cash and £129 5s. for three 
months. In view of the approach of the Banka sale, however, interested parties 
endeavored to check the upward rush, and, with an easier feeling apparent in 
Eastern offers, May ended with prices £129 15s. prompt and £128 10s. for for- 
ward. A characteristic of the month was the smallness of the London spot stock, 
and this gave great assistance to bull operations. The Banka sale realized an 
average of £129 15s. Consumption was good throughout and tin-plate makers 
were very busy. Three months tin gained altogether £7 during the month and at 
one time the backwardation had almost run off. At the beginning of June statis- 
tics showed an increase of 2,083 tons in Huropean stocks and prices slowly receded 
to £127 10s. cash and £124 10s. for three months. A renewal of the American 
demand strengthened the prices, which jumped to £131 10s. cash with a £4 back- 
wardation on forward. The middle of the month witnessed a keen struggle for 
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the mastery between bulls and bears, and finally the bears brought three months 
tin as low as £122 5s. with cash at £127. The loss of the Asturia with 750 tons 
for New York revived prices and the final tone of the market was firm with cash 
at £129 5s. and three months at £123 and £123 5s. Demand from consumers was 
sluggish and a good deal of speculative option business was transacted. The Hast 
was for the most part a free seller, and a large business was done, but toward the 
close of the month the tone in this quarter became firmer. The first portion of 
July was chiefly marked by a great scarcity of warrants for immediate delivery. 
European stocks decreased 475 tons and business started at £130 10s. for cash. 
Transactions in three months were very restricted. London spot stock was tightly 
held, and some buyers had to pay fancy prices in order to cover their obligations. 
In one case as much as £140 was paid for a parcel of cash tin. Heavy bear selling 
of forward tin increased the backwardation on three months; at one time this 
stood as wide as £20 to £25. With large arrivals of metal, prices of cash rapidly 
fell, and finally closed at £116 for cash and £112 for three months. Consumption 
on the whole was not very good, most users buying from hand to mouth. Welsh 
tin-plate makers were very busy owing to the strike in America and bought fair 
quantities. The Banka sale at the end of the month realized an average of 
£118 5s. The statistics published at the commencement of August showed an 
increase of 2,300 tons in the total visible supply and of 3,000 tons.in European 
stocks. The market started firm at £121 7s. 6d. for cash and £117 5s. for three 
months, but values gradually declined to £116 cash and £113 three months. Hx- 
tensive realizations forced prices still further down; at one time cash was quoted 
at £114 and three months at £110 7s. 6d. In the latter part of the month cash 
tin became scarce and £116 10s. was touched. As the month drew to a close the 
market was very firm at £118 cash and £115 for three months. A large quantity 
of tin was shipped to America and there was a good demand from tin-plate 
makers both there and in this country. The first of September figures were 
favorable, the decrease for the month being 1,768 tons in Kuropean stocks, and 
the market opened strong at £118 7s. 6d., and £115 three months; later prices 
steadily receded until £113 15s. for cash and £110 15s. for three months was 
quoted. Some speculative purchases revived the market slightly, but with the 
East selling freely and bad reports from America prices slowly sank. The decline 
was also assisted by the collapse in the copper market. The last week in the 
month witnessed a general steadying up of prices, and the final quotations were 
£113 5s. to £113 10s. for cash and £111 10s. for three months. The European 
demand was fairly good, but there was a serious shrinkage in American con- 
sumption of tin for tin-plates due to the steel strike. An increase of 1,005 tons in 
the stocks at the commencement of October caused somewhat heavy selling and 
values fell to £109 5s. cash with a backwardation of £2 on three months. Later 
purchases of cash continued until £115 10s. was paid, but as soon as buying orders 
ceased prices collapsed, and £112 cash was touched, while forward tin remained 
unchanged. The latter portion of the month was dull and prices finally closed 
with cash at £114 to £114 10s. and three months £106 to £107. Demand from 
home consumers was quiet, but during the first portion of the month America 
made extensive purchases, the tin-plate works being very busy owing to the ter- 
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mination of the steel strike. There was no Banka sale during October and the 
beginning of November figures showed a decrease in European stocks of 1,035 
tons. The opening was dull with cash tin fluctuating between £114 and £115, and 
a backwardation for forward of £5 to £6. Values slowly weakened to £111 10s. 
cash, with three months at £106 15s. The strong reports from America due to the 
scarcity of spot tin there strengthened the market and £114 5s. was paid for near 
dates. In the last week of the month prices were further assisted by bulls calling 
in cash tin and £118 cash was touched. Realizations, however, quickly followed 
and the final tone was dull with cash at £113 and three months at £105. The 
American market throughout the month was considerably above the English level, 
and at one time prices for immediate delivery touched £156. December com- 
menced with an increase in the visible supply of 2,250 tons, excluding America, 
and this fact, coupled with the weakness in copper, caused a dull tone throughout 
the month. On December 20, when it was announced that a large bull operator 
had suspended payment, there was a rush fo sell by people who had to deliver 
metal to him at higher prices, which caused a very quick break in prices, so that 
£98 was touched for cash, £97 10s. being accepted for three months. When the 
most urgent selling had spent itself there was a quick recovery to £101 for cash 
and £100 for three months. Notwithstanding the continual fall in prices the 
demand for tin-plates remained good, and the prevailing weakness seems to have 
arisen more from the growing idea of increased production than of a falling off 
in consumption. The closing quotations are given as £105 1s. 6d. to £105 10s. for 
spot, and £104 to £104 2s. 6d. for three months. 


TUNGSTEN. 


THE production of tungsten ore in the United States during 1901 amounted’ 
to 179 short tons of concentrated ore, valued at $27,720 (which was derived from 
1,221 short tons of crude ore), as compared with 220 tons of concentrated ore 
in 1900. ‘The tenor of tungstic acid in the ore ranged from 60 to 70%, and the 
value of the high quality ore ranged from $102 to $333 per ton, averaging 
$154°86. During 1901 there were produced in the United States 76,000 Ib. of 
tungsten metal, 13,000 lb. of ferrotungsten and 3,000 lb. tungstic acid and sodium: 
tungstate amounted collectively to 92,000 lb., as compared with the reported pro- 
duction of 172,000 lb. of tungsten and tungsten salts during 1900. The price of. 
tungsten metal varied from 58c. to 64¢. per lb. and ferrotungsten from 27%c. to 31c, 
The price of tungsten ore of from 45 to 55% WO, is about $2 per unit, while 
ores of from 65 to 75% WO, content command from $2°50 to $3 per unit if 
free from sulphur and phosphorus. The bulk of the output during 1901 was 
derived from Colorado, although small quantities were produced from the mines 
near Lead City, So. Dak., and Long Hill, Conn.; 2,918 tons of crude ore were 
recorded as having been mined in 1901. Until recently the sources of supply of 
tungsten ores for the United States were England, Austria-Hungary, Saxony, 
Germany, and Australia. The growing domestic demand for tungsten to be 
used in the manufacture of self-hardening tungsten steels has encouraged the 
exploration for tungsten minerals and the development of the many reported 
deposits may lead to the replacement of the imported ferrotungsten alloys by 
those produced from domestic ores. This is particularly pertinent as tungsien 
minerals in some localities occur with gold and silver ores and the metal may be 
produced from them to commercial advantage. 

The chief use of tungsten is in the use of self-hardening tungsten steel, the 
metal being used either as ferrotungsten or as the powdered metal. Recently 
it has been added with very satisfactory results to a copper-aluminum alloy in 
order to impart greater strength and toughness. It is claimed that the self- 
hardening property of steel, ordinarily obtained by the addition of tungsten 
t> chrome-steel, may also be obtained by the addition of molybdenum, and 
in the latter case but one-half the quantity, as compared with tungsten, is needed 
to produce the same effect. The alloy known as tungsten-ferro-chrome was im- 
ported into the United States during 1901 to the value of $9,839, Germany sup-. 
plying the bulk of the import. 
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Calcium tungstate is used in the Roentgen ray apparatus on account of its 
fluorescence. Sodium tungstate is used to fasten the color of certain cotton goods 
and to render textile fabrics noninflammable. It has also been used to color 
glass and to some extent in the manufacture of stained paper. 

Arizona.—Tungsten ores occur in considerable quantity in the Arivaca district, 
Pima County, and near Benson, in the Dragoon Mountains, Cochise County. 
A tungsten ore deposit has been developed 60 miles south of Hackberry, Mohave 
County, where a seam of wolframite from 2 in. to 6 in. wide occurs in a vein of 
quartz which varies from 1 ft. to 3 ft. in width. Several tons of ore averaging 
about 70% tungstic acid were mined but not shipped. 

Colorado.—Wolframite and huebnerite ores occur in quantity in Boulder, 
San Juan, Gilpin, Ouray, and Lake counties. During 1901, however, Boulder 
County was practically the only producer, the output aggregating 65 tons, 
averaging 60% tungstic acid and valued at $8,775. The average price received 
per unit was $2°25, which is equivalent to $135 per ton. San Juan County con- 
tributed a small quantity of concentrated ore. The Great Western Exploration 
& Reduction Co., of Boulder, has been recently organized to mine tungsten ores 
and to manufacture ferrotungsten. It proposes to concentrate the ores from 
20 to 1 and 3 to 1, which will yield concentrates of from 60 to 68% tungstic 
acid. 

Connecticut.—The American Tungsten Milling & Mining Co. has done a 
small amount of development work at Long Hill, Fairfield County. According 
to Prof. William Hobbs the scheelite and wolframite occur more abundantly at 
the lower contact of the intruded beds of crystalline limestone in the diorite and 
hornblende gneiss of the locality. The mill tests show the proportion of scheelite 
in the vein to approximate 5%. 

Nevada.—Over 1,000 tons of huebnerite ore have been mined at the deposits 
in the foothills near the base of Wheeler Peak, 12 miles south of Osceola, White 
Pine County. The formation for several thousand feet up the mountain side 
is of granite overlain by Cambrian quartzite. There are five prominent veins 
in the granite which have been traced to the contact with the quartzite but none 
occurs in the latter. The huebernite vein in the tunnel dips 65° N.W. and is 
from 18 to 36 in. wide. The ore occurs in crystals up to 3 in. in size in white 
quartz, although much of the mineral is in fine grains and in irregular bodies. 
In one locality scheelite also occurs in the ore. Small quantities only of pyrite 
and fluorite occur as associated minerals. Practically all of the ore shipped has 
been hand sorted and cobbed or concentrated to an average of 68% WOs. 
Hand concentrated samples have averaged as high as 67°5% WO,. 

Oregon.—The scheelite deposits in the Virtue district, near Baker City, 
Baker County, are reported to carry considerable free gold. The vein material 
at the water level consists almost entirely of scheelite. 

Washington.—The wolframite deposits in Steven County have been exploited 
to the extent of running in a 50-ft. tunnel upon the vein which is reported to be 
4 ft. in width, dipping at about 75°. The wolframite crystals occur disseminated 
in quartz and specimens were obtained up to 1 lb. in weight. Gold and silver 
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are associated with the wolframite, but in too small quantities to warrant the 
working of the property for them alone. 

Other States.—Tungsten ore deposits occur also in Oregon, Idaho, Montana, 
New Mexico, South Dakota and North Carolina. A few tons only for experi- 
mental purposes have been produced from these sources during 1901. 

Australia.—The production of tungsten ore in Queensland during 1900 
amounted to 192 metric tons, valued at £6,605. South Australia contributed 
9 tons and Tasmania. 18 tons to the total output. A reported discovery of a 
scheelite deposit in New Zealand was made early in 1902. The lode is stated 
to be 4 ft. wide and to average 25%. scheelite together with 0°65 oz. gold per 
ton. It is claimed that the ore can be economically concentrated to from 70 
to 75% mineral which contains about 80% CaWO,. Scheelite is mined to some 
extent at Macrae’s, Island of Otago, which is the only locality in the colony 
supplying a merchantable product. 

Chile-—During 1900 there were exported from Antofagasta 125 long tons 
of wolframite, valued at £7,153, and 2 tons of metal, valued at £120. 


TECHNOLOGY. 


Lewis P. Hamilton and Edgar F. Smith* have made in an electric furnace a 
number of alloys of iron and rare metals, including several with chromium con- 
tent up to 16%. Among these alloys are copper-chromium, copper-aluminum- 
tungsten, copper-molybdenum, iron-titanium-tungsten, iron-chromium-titanium, 
iron-columbian-tantalum and iron-columbium-tantalum-titanium. 

The subjoined table gives the analyses of some of these alloys :— 


Component. | lean ae es Gee ee Cee Or 

% % % % % % % % % % 
TO Mesiccidestecaeie sisiesiale Sicleineriecs Rieccrareiarete’eherats Bie aeomen Mnotion 2:7 1485 2°12/82°15 | 76°41) 58°03) 15°73 03 
COPPOM ie eiicicce cisissieiesiocivielvis viviesjee ee ee .eee| 66°88190°98 | 95°01/78°53 (88°18 | B4-41].. fed eee few eee lene eee 
ANUUIAVRTAUT YN esses oe ee aera ewe cele latte: tro. e'llane ooepbhalerotere ere iatcveterele)| ereiarevels fesalels ete DAE RO Ge il woes ataptsctars ais | leictetans ailteraarele 5 
(CUNO MMUTIN oa sc.cctcecaic ba srelele sine etaaince cima escola is eels em erslinelecters Bees bee ee TG BOAO SSC teeters lasetarars 
Columbium.. eos 2°01 / 59°76} 10°15 
Muntele: Th Cee ePene eee] QOL recep reece efor eeeefeeeee [eeeeeefeees 18°71 2°91 
Titanium.... Ae Pec Sea ae eet eee Severe averesocall fave aera 7°28 2°47| 2°65)...... 3°18 
Tungsten...... ele OB prciremeataltieratareterel| seecevorarsl| talents B29 OU: LOBE ceases OS68 | ieee 
Molybdenum .. : is) ISR anol anaes SBS eee alien ome lie rns asarr rater atsbatcrats Sag nalbncees . 
SUICON. aviceies Scare eiacnics gig Veer o ataiene aceivint ote etetaral| esabelote« baad Ol errcaren Ge ten Cl beGoc Ari RO COD oooh RIBS essere aro leverssarece 2°14 
(OFT) yo) Ari cm ear torGn oe cormicne COUGerUG Heticn c f Nae RR ere Le eR OO erarets 2°30 Fas C5 St) 1°99 
GANSU iaarsie oislacciertsieleiowisinrsteWisiaieioiere oie ove.« BeOa rica 2°57) 8°02 | 4°18 Ge BO OMGBe tereiausts slate carers so Pe a F 
Specific gravity...... siaieiace peur cielsia rears wee} 7°98) '7°616| 8°88) 7:984) 8°314)...... B20 CG Ok 4G ore stlsisrtscidltcesis aie 


1 The Journal of the American Chemical Society, March, 1901, p. 151. 


ZINC AND CADMIUM. 


Tue production of zinc or spelter in the United States during 1901 was the 
argest annual output yet recorded, and amounted to 140,822 short tons, as 
compared with 123,231 short tons in 1900 and 129,675 short tons in 1899. The 
production by districts is shown in the subjoined table. 


PRODUCTION OF ZINC IN THE UNITED STATES. 


States. 1896. 1897. 1898. 1899. E 1901. 


31,656 38,680 46,693 49,290 44.896 

36.566 33,395 88,543 55,872 6 74,270 

y 18,412 21,063 15,710 0,1: 13,083 

9,415 9,900 7,805 8,803 8,603 
Total tons of 2,000 Ib.. 77,637 100,387 114,104 129,675 123,231 140,822 
Total tons of 2.240 lb.. 69,319 89,623 101,879 115,781 110,028 182,578 
Total metric tons 70,482 91,071 103,514 117,644 111,794 127,751 


The large increase in the production of zine was due to the removal of the 
smelting plants to the Iola district in Kansas, where the cost of production is 
considerably less owing to the use of natural gas as a fuel. The output of zine 
in Kansas during 1901 was 74,270 short tons, as compared with 57,276 short 
tons in 1900. A large quantity of zinkiferous lead ores from Colorado was 
smelted during the year and the zinc content regained. Formerly these low-grade 
zinkiferous ores were rejected as waste material. The output of the Ilinois- 
Indiana district showed an increase over the preceding year in spite of the re- 
moval of a number of the smelting plants to Kansas. The production from 
this district in 1901 amounted to 44,896 short tons, as compared with 37,558 
short tons in 1900. The combined output of the sole producer in the Kast, the 
New Jersey Zinc Co., and the chief producer of the South, the Bertha Mineral 
Co., was 8,603 short tons, as compared with 8,259 short tons in 1900. The ore 
supply for these works was derived from the mines in New Jersey and in south- 
western Virginia. The Joplin district furnished ores for a large part of the 
Western smelters, although during the past year zinkiferous tailings and zine 
ore have been treated in a few of the smelters in Illinois and a considerable 
quantity was shipped to Kurope via Galveston and New Orleans, chiefly to the 
Vieille Montagne works. 

Details of the progress in mining and metallurgy are given by Walter R. Ingalls 
later in this section under the title “Progress in the Metallurgy of Zinc in the 
United States during 1901.” 
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Zine Oxide—The production of zine white in the United States during 1901 
was 46,500 short tons, valued at $3,720,000, as against 48,840 short tons, valued 
at $3,677,810 in 1900. The greater part of this output was made by the New 
Jersey Zine Co., operating at Jersey City and Newark, N. J., Bethlehem and 
Palmerton, Pa., and Mineral Point, Wis. Page & Kraus, at St. Louis, produces 
annually about 450 short tons, and the United States Smelting Co., formerly 
the American Zinc & Lead Co., of Cafion City, Colo., manufactures a pigment 
called “zine-lead,” which is a mixture of oxidized compounds of zinc and lead. 
The production of this special pigment during 1901 was 2,500 short tons, valued 
at $150,000. The Renfrew Zine Co. put its new plant at West Plains, Mo., 
in operation in December, 1901, and the Ozark Zine Oxide Co. is completing 
a new works at Joplin, Mo. The estimated annual capacity of each plant is 
20,000 tons of zinc oxide. The G. & G. Zine Oxide Co., which was formed at 
West Plains, Mo., in 1900, reported no production during 1901. 


PRODUCTION OF ZINC OXIDE IN THE UNITED STATES. 


Quantity. Value. Quantity. Value. 
Year. Year. 
Short Metric Per Short Short Metric Per Short 
Tons. Tons. Totals. Tons. Tons. Tons. Totals. Ton. 
bere Nes rE if 
WSOC rccaee 26,262 23,825  |$1,686,020 | $64°20 LOO Ee aera 47,151 42,775 1$3,772,080 | $80°00 
ISB es sates. 82,747 29,708 2,226,796 68°00 LOOM rae eesitey cree 46,500 42,266 3,720,000 80°00 
T8995 See 39,663 35,982 3,331,692 84°00 


EXPORTS OF ZINC AND ZINC OXIDE FROM THE UNITED STATES. (IN POUNDS. ) 


Oxide. 
Year. Sheets, Blocks, Pigs, and Old.'| Manufactures. | Total Value. 

Dry. In Oil. 
ABest stostesciers tis salera ois 2,557,341 $95,883 $19,431 $115,314 5,564,755 502,357 
BOS ii perareien'ccsreceittere vie 2,742,357 109,624 13,448 123,072 3,342,285 27,050 
NBO ayrtvarsiesctcravateralalace 2,985,463 151,956 14,800 166,756 8,012,'709 41,699 
DOO crave evetateceltreroterete 2,018,196 97,762 36,836 134,598 2,618,808 88,706 
LOOT Mewes oases 775,881 30,920 42,643 73,563 3,199,778 128,198 


EXPORTS OF ZINC AND ZINC OXIDE FROM THE UNITED STATES. (IN POUNDS. ) 


Year. Ore and Oxide. Plates, Sheets, Pigs, and Bars.} Manufactures. | Total Value. 
WOOT ciidciwsiaes a 22,220,907 $315,490 28,490,662 $1,356,538 $71,021 $1,743,049 
BOR cae aure seis b 81,413,859 552,064 20,998,413 1,033,959 138,165 1,724,188 
ESOOYS Videeat « c 67,126,506 1,092,542 13,509,316 742,521 148,232 1,978,295 
T9OOHE eek eeeccate d 95,514,893 1,630,043 44,820,577 2,217,963 99,288 8,947,024 
A900TE Sedaris e 88,312,000 1,560,943 6,780,221 288,906 82,046 1,538,636 


(a) Includes zine oxide, 3,718,507 Ib. ($104,140). (6) Zine oxide, 7,849,059 1b. ($252,194). (c) Zine oxide, 10,685,226 
lb. ($366,598). (d) Zine oxide, 11,391,693 Ib. ($496,380). (e) Zine oxide, 9,122,283 lb. ($393,259. ) 


The use of zinc chloride for preserving railroad ties continues to be increased 
and it is estimated that the nine concerns engaged in this industry during 1901 
consume 3,000 short tons annually. 

The American Smelting & Refining Co., formerly producers of zine sulphate 
as a by-product in smelting lead ores, reports no production during 1901. The 
Grasselli Chemical Co. is stated to have produced 5,000 lb. of zine sulphate daily 
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during 1901. The manufacture of lithophone, which is a pigment consisting 
essentially of a mixture of barytes with zinc oxide and zinc sulphate, is being 
carried on to a considerable extent in the United States, chiefly by the New Jersey 
Zine Co, and the Grasselli Chemical Co., the latter concern reporting a capacity 
of output of 10,000 lb. daily. The greater part of the output is consumed in 
the manufacture of glue and special paints. 

Colorado.—According to the Hon. Harry A. Lee, Commissioner of Mines for 
Colorado, the production of zinc from the ores of that State during 1901 
amounted to 13,427 short tons, of which Lake County furnished 11,583 short 
tons and Mineral County 1,044 short tons. These figures are based on the 
metallic zinc content of the ores produced. About 70% of the output was ex- 
ported and 30% treated by domestic smelters, including ore used for the manu- 
facture of zinc-lead pigment at Cafhon City, Colo., and possibly some shipped 
to Mineral Point, Wis., for the manufacture of zinc white. In 1901 the Leadville 
mills produced 23,261 tons of concentrates averaging 45% Zn, 6% Pb, and 
10% Fe. Besides the Leadville product there were also shipments of zine ore 
from Silver Plume, Montezuma, Creede and other mining districts. Kansas 
smelters have received ore from Creede which has assayed as high as 59% Zn, 
3°75 to 5% Pb, and about 2% Fe. The high iron content of the blende is due 
to the iron chemically combined which cannot be removed by any method of 
mechanical concentration. 

The immense deposits of mixed lead and zine sulphides at Leadville and 
Kokomo promise to become an important factor in the zine industry in the 
near future. The ore is a silver-bearing mixture of galena, pyrite and blende, 
with very little gangue. As early as 1886 it was milled for its lead content and 
accompanying silver, the blende being accumulated in tailings heaps. Recently 
by the application of improved milling methods a closer separation has been 
obtained and a large quantity of this class of ore has been treated at Leadville, 
vielding a galena-pyrite concentrate and a ferruginous blende, the latter having a 
large sale chiefly to European zinc smelters, although a small quantity has been 
treated at the Kansas smelters. The freight from Leadville via Galveston to 
Swansea or Antwerp during 1901 was about $9°50 per short ton, and while the 
miners receive $5 to $7 per ton it is purely a by-product, and the value of the 
remainder of the ore is increased by its removal. The Colorado Zine Ore Co. 
and the New Jersey Zinc Co. are erecting magnetic separating plants at Denver 
and Cafion City, respectively, to produce ore containing about the same per- 
centage of iron as that which the present concentrating mills are furnishing, but 
several units higher in zine and lower ini lead. These ores have been smelted 
direct in Sadtler retorts by the Midland Smelting Co., at Bruce, Kan. The 
American Smelting & Refining Co. is erecting a zine smelting plant at Pueblo 
which will afford a local market for the blende concentrates of Leadville, Kokomo, 
Montezuma, Creede and other mining districts in the State. The United 
States Smelting Co. was organized during the year to take over the holdings of 
the American Zinc-Lead Co., formerly operating the Cafion City plant, which 
smelts chiefly low-grade zinkiferous lead ores, largely from Utah and Leadville. 
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The product is copper matte, containing the precious metals, which is shipped 
or refined. The by-product consists of zinc-lead pigment used largely in the 
manufacture of paints. The United States Zine Co., capitalized at $2,000,000, 
was organized to build a large zinc plant near Pueblo, to handle Leadville zink- 
iferous ores chiefly from the A. Y. & Minnie mine. 

Iowa.—(By 8. W. Beyer.)—The production of zine in the Dubuque region 
has been reduced to inconsiderable proportions, a condition brought about 
largely by the sharp decline in the price of zinc, and to a less extent through! 
the exhaustion of the ore bodies in sight. The weak demand and low price have 
held out no inducements toward the active prospecting and development of new 
properties as in the years 1898 and 1899. Ore was sold during 1901 at a price 
which would not cover the cost of production, let alone yielding a reasonable 
return to the operator. The entire output for the Iowa field scarcely reached 
350 tons, principally carbonate, “dry bone,” and sold at an average of $7°70 
per ton. The most select stock sold for $12 per ton, yielding fair returns to the 
labor and capital employed, while certain low-grade ores were disposed of at 
$5 per ton, entailing a considerable loss to those concerned. Almost the entire 
output was shipped to Mineral Point, Wis. La Salle, Ill., may be considered as 
a competing market, but rarely affords active competition. The two largest 
companies remained practically closed or were only worked in a desultory way 
on account of legal complications. The Alpine Zinc Co. has abandoned the old 
workings, at least temporarily, on account of water, but has sunk a new shaft 
on the same vein several hundred yards to the westward, which promises well. 
A good body of high-grade ore is in sight and will be marketed as soon as the 
price warrants. The zinc industry in the Dubuque region gives little promise 
for the future unless prices strengthen materially. The plant of the Dubuque 
Ore Concentrating Co. was idle during the year because of the intermittent and 
insufficient supply of crude ore and the general decadence of the industry. 

New Jersey.—(Through the courtesy of Mr. A. Heckscher.)—In 1901 the 
mining operations of The New Jersey Zine Co. have practically been confined to 
the Mine Hill deposit, near Franklin Furnace. At the southerly end stripping 
has been actively followed up and some 45,000 tons of limestone sold and 
shipped. That portion of the deposit between its southerly termination and the 
large dike, distant 700 ft. to the north, will probably be stripped and laid bare 
entirely during 1902. It will then remain to be determined whether stripping 
shall be carried farther to the north and to what extent. A very large body of 
cre will be laid completely open and ready for quarrying by the work now in 
hand. Operations at Mill No. 1 have now ceased and they may not be resumed 
for some time. It has been found that Mill No. 2 is much in excess of its former 
rated capacity of 1,000 tons in 24 hours, and it can crush, size and prepare 
for market readily 70 tons of ore per hour, or over 1,600 tons in 24 hours, which 
was assumed to be the maximum capacity. Some of the machinery better adapted 
for fine crushing has been installed and other minor changes ordered. The new 
mill operates very economically. The over-all cost, disposing of about 700 tons 
of ore in 10 hours in the most favorable month of the year, has been only 38c. 
per ton. When it is borne in mind that the ore must be crushed, dried, sized, 
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cooled, fed to the Wetherill separating machines, and every grain of ore that 
responds magnetically must be lifted bodily from the conveying belt and carried 
out of the magnetic field, also that the tails must be jigged to remove the lime- 
stone from the willemite, the tails carried away and stored, the willemite again 
dried and all of the several products assembled in separate bins and shipped, it 
will be seen that only large capacity, not overstrained, and large output can admit 
of such low cost. It is believed that 40c. per ton, including repairs and renewals, 
should cover all costs of crushing, separating and shipping. 

The Sterling Hill deposit has not been worked during 1901. The limits of 
the Franklin deposit are gradually being defined to the north, and this great 
lense of ore appears to close some 1,200 ft. underground somewhat in the shape of 
2 submerged hammock. It is quite possible, however, that the ore will carry 
farther to the north than is now indicated by development work. 

During the year several outside organizations have continued the active ex- 
ploration of the belt of white limestone with diamond drills, both between Mine 
Hill and Sterling Hill and to the north of the larger deposit. Nothing appears 
to have been found excepting that at one or two points the diamond drill has 
pierced the magnetic vein which as a rule underlies the Franklinite deposits, 
but which also is much more persistent than the latter. When these drill records 
are published they will afford valuable information and will save the necessity 
ef repeating work which is time-consuming and costly. 

The output of raw ore from the mine has been as follows: To Mill No. 1, 
65,480 long tons; to Mill No. 2, 123,994 long tons. The shipments have been 
from Mill No. 1, concentrates, 60,319 long tons; from Mill No. 2, crushed ore, 
not concentrated, 2,621 long tons, and concentrates, 108,016 long tons. 

The new mill is operating admirably, and has more than fulfilled expectations. 
A separate paper by Mr. Stone, furnishing detailed information concerning the 
central manufacturing plant of the New Jersey Zinc Co., at Palmerton will be 
found elsewhere in this section. 

There were 26,131 long tons of zine ore, valued at $657,140, exported from 
New Jersey during 1901, mainly via New York. 

Kentucky.—For the six months ending December 30, 1901, the Kentucky 
Fluorspar Co., at Marion, Crittenden Co., shipped 1,136 short tons of zine car- 
bonate ore, valued at $13°60 per ton f. 0. b. Marion, to Mineral Point, Wis. No 
zinc blende has been marketed as yet. This is the first recorded shipment of zinc 
ore from Kentucky for commercial purposes. 

Missouri and Kansas.—The production of zinc in Kansas and Missouri during 
1901 showed a marked advance over that of the preceding year, the outputs being 
37,353 and 77,414 short tons, respectively. The increase was due entirely to 
the output of Kansas, which was 74,270 short tons in 1901, as compared with 
57,276 short tons in 1900, Missouri showing a decrease from 20,1388 short tons 
in 1900 to 13,083 short tons in 1901. There has been no radical change in mining 


during the year, and a few new discoveries of ore were made southeast from 
Joplin toward Granby. The milling tendency is toward the production of the 
highest grade ore possible, and while the standard grade ore is 60% Zn and 
but 8% siliceous gangue, certain mills make a product assaying as high as 
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64:5% Zn. Magnetic concentration has been satisfactorily applied to ore high 
in pyrites and two new magnetic separators of the Cleveland-Knowles and the 
Waring types are being exploited with promising results. 

At present the deepest deposit being worked in Missouri is 250 ft., while the 
average is about 100 ft. The record of prospect drilling in Missouri given in the 
following table is of interest :— 


. — 
Holes ‘ Ore Holes Ore Holes Ore Holes Ore 
Drilled, | PePth. |wouna.|| Drilled. | PePth- | pouna. || Dritlea. | PePth- | wouna.|| Drilled. | P&P | Found. 

Ft. 4 Ft. P, Ft. P, Ft. P 

500 50 3 100 300 | None. 8 700 | None. Q 1.100 50 
450 100 8 25 400 | None. 7 800 | None. 2 1,200 | None. 
400 150 | ‘25 12 500 | 75 6 900 | 50 2 1400 | None. 
125 250 | 34 8 600 | 50 6 1,000 | None. 1 2'005 | ‘None. 


THE PRODUCTION OF ZINC AND LEAD ORE IN THE JOPLIN-GALENA DISTRICT, 
1894 To 1901 (INCLUSIVE). 


Lead ‘Ore. Total Value 


_. | Total Value 
Lead ‘Ore. : of Both Ores, 


Years. ‘Zine Ore. of Both Ores, Year. Zine Ore. 


Short Tons. |Short Tons. Short Tons. |Short Tons. 


B25 0): ERB MBs Ste Sa 147,310 32,199 $3,535,736 TBOBeFicieterse se 234,455 26,687 $7,119,867 
MSO Raccoons 144,487 81,294 8,775,929 BBO eve seen 255,088 23,888 10,715,307 
1896 155,333 27,721 3,857,855 NOOO SO Ries oes 244,629 29,176 7,986,622 
WBQTssoissacec<vive 177,976 30,105 4,726,802 || 1901.........s0. 256,920 | 34,938 7,929,230 _ 
AVERAGE BASE PRICES OF ZINC AND LEAD ORES IN THE JOPLIN DISTRICT. 
| 1900. 1 100K: 1900. 1901. 
Month. ! : h, 

Zinc, per head poe Zinc, per Lene. po? peut Zine, per Ligad per Zinc, per ic aes 

jShort Ton, Pounds. Short Ton Poni Short Ton Bonne: Short Ton Pounds: 
January.....'| ‘$30°23 $28:00 $23°73 $22 °80 August......| $25°67 $2300 $23: 88 $22°90 
February ....; 29°36 27°50 23°96 22°50 September. . 24°55. 23°00 22°82 23°16 
Mareh....... 28°45 26°00 23°70 23°10 October..... 24°25 22°71 24°68 23°15 
APT 5.205. 28°42 26°86 24°58 22°76 November .. 24°45 22°80 26°15 23°14 
Mays EMail 26°92 24°50 24°38 23°49 December... 25°40 22°19 28°24 22°35 
PUNE Ss orien 25°00 21°80 24°22 23°52 
AIURY see cesies 24°23 21°86 24°36 23°49 Average. .| $26°50 $24°16 $24°21 $22°99 


The exports of zinc ore from the Joplin district during 1901 amounted to 
13,294 long tons, valued at $410,544, all shipped via New Orleans except 291 
long tons via Galveston. 

The center of the zine smelting industry in Kansas is the Iola district, com- 
prising Iola, Gas City and La Harpe. Outside of this district the only large 
smelter is that of the Edgar Zinc Co., at Cherryvale. The old plants at Pitts- 
burg and Weir were idle during the year. A few furnaces have been operated 
at Girard and the small works at Bruce have smelted Colorado ore direct in 
Sadtler retorts. 

Full details of mining and milling in the Joplin district are given in the sepa- 
rate article by Mr. Frank Nicholson later in this section. An unsuccessful attempt 
was made toward the close of 1901 to consolidate a number of the more important 
Western zine smelting works under the name of the Zine Smelting Corporation, 
with a capitalization of $50,000,000. 

Virginia—The Bertha Mineral Co. now operates the only zine smelting 
works in the South. The plant consists of 10 large, direct-fired, Welsh-Belgian 
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furnaces, pottery, kilns, roasters and necessary accessories. At these works the 
practice is maintained to a high state of efficiency, and while minor improvements 
have been made from time to time, no radical changes have been made for some 
years past. In common with Eastern zinc manufacturers, the competition of 
Western smelters using cheap natural gas fuel has been felt, but the superior 
purity of the spelter produced from the Southern and Eastern ores, as compared ° 
with that made in the West, together with its higher price has offset to some 
extent the advantage of cheapness of the Western product. There are only three 
active zinc mines in the South—the property of the Wythe Lead & Zinc Mine 
Co., at Austinville, Va., the Bertha mines, in Wythe County, Va., both quite 
well-known properties, and the Clark mine in Pulaski County, Va., an operation 
of more recent development; all of these mines are tributary to the Bertha 
Mining Co. 

At Austinville, Va., work has been carried on actively during the year 1901, 
the chief output being zinc ore of the calamine variety, while lead carbonate and 
limonite iron ore have also been produced. Additional water power is being de- 
veloped to be utilized for an electric haulage plant; in order to get at rich de- 
posits of calamine it is necessary to strip about 15 acres of ground, carrying a 
clay over-burden from 50. to 100 ft. thick, and for this very large undertaking 
the new haulage plant is being added. 

At the old Bertha zinc mines, the work of stripping the clay over-burden is 
being vigorously and constantly carried on. As this clay contains valuable 
limenite ore it is washed and the product shipped to blast furnaces in Virginia. 

At the Clark mine, in Pulaski County, both iron and zinc ores are being pro- 
duced. The minerals are so intimately mixed that it is necessary to separate them 
by magnetic treatment. 

While the usual amount of activity in prospecting is noted, yet it may be 
positively stated that no new producing zinc mines have been developed in this 
part of the South. In the zine belt near Knoxville, Tenn., there has, perhaps, 
been unusual activity, yet practically no shipping ore has been discovered in this 
territory. The ore found is of the disseminated blende character, occurring in 
magnesian limestone. While these deposits appear to be quite common and to 
cover a large territory, experience seems to indicate that, owing to their leanness, 
they cannot be worked profitably. 

Wisconsin.—(By 8. Weidman.)—The lead and zinc region of Wisconsin, which 
was described in THE MINERAL INbDustRY, Vol. IX., comprises an area of about 
2,000 square miles, in Iowa, Grant and La Fayette counties, in the southwestern 
part of the State. The main ore-bearing formation consists of a stratum of mag- 
. nesian limestone, the Galena limestone, having a thickness of about 250 ft., lying 
“nearly horizontal and forming the surface rock throughout the greater part of the 

region. The ores are also found to a minor extent in the limestone formation, 
the Trenton, and other formations of the Lower Silurian occurring at or near the 
surface. The vertical order of occurrence of the ore in the district is commonly 
as follows: Above the level of ground water the dominant valuable minerals are 
galena and smithsonite ; with the galena there is some cerussite and less anglesite, 
and with the smithsonite there is some sphalerite. The smithsonite may locally 
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occur to a depth of from 15 to 30 ft. below the level of ground water. Below the 
galena and smithsonite, sphalerite occurs associated with marcasite. 

It is the generally accepted theory that the material of these ores was originally 
widely dispersed through the sedimentary rocks, especially the limestone. By 
the action of the circulating ground water, ascending and descending through 
the crevices and openings in the rocks, the disseminated material of the ore was 
concentrated into ore bodies. The sheets of ore are found largely between the 
beds, in vertical and in inclined fissures called locally flats, openings and pitches. 
The ore bodies are usually connected with one another, and are of quite variable 
dimensions, ranging in thickness from a fraction of an inch to over a foot. 
Definite figures on the output of lead and zinc ore in Wisconsin for the past year 
are not available at the present time, but there is a general report of increased 
activity in mining throughout the year. A survey of the lead and zinc deposits 
of the State by the Wisconsin Geological and Natural History Survey is in 
progress at the present time. 

At Mineral Point the New Jersey Zine Co., operating the Grillo-Schroeder 
process, manufactured sulphuric acid grading from 66°B. to monohydrate and 
up to 40% of fuming acid. This company has licensed a plant at Repauno, 
and that of the Dupont Chemical Works, both on the Delaware river; also one 
in New Mexico, and a large plant on the Pacific coast. 


PRODUCTION OF ZINC IN THE WORLD. (IN METRIC TONS.) 


United Kingdom. (c) 
United 


Austria. | Belgium.} France. |Germany|Italy.| Russia. | Spain. States. | T 
fe * oe IN : ‘otals. 
@ |10©Mn!] ® | oOn|o!] © OF ge | oe 


1897] 6,236 116,067 38,067 | 150,'739 250 5,868 6,244 7,162 16,643 91,070 | 438,346 


1898} 7,302 | 119,671 87,155 | 154,867 250 5,664 6,031 7,162 21,225 103,514 | 462,237 
1899} 7,192 122,848 89,274 153,155 251 6,331 6,184 8,837 23,385 117,644 | 485,246 
1900} 6,742 119,317 86,3805 | 155,799 250 5,967 5,611 80,307 111,794 | 472,092 
1901 6,573 (d) (d) 166,283 250 (d) (d) 9,211 | (d) Lei (OL A! leoteceesre 


(a) The statistics for Austria are taken from the official reports-of the Mines Department, except for 1900, 
for which the figure reported by Henry R. Merton & Co. has been used. 

(b) Official statistics, except for 1901. 

(c) The statisties for the United Kingdom are arrived at by deducting the zinc produced from domestic ores, 
as reported in the official Blue Books, from the total output of the smelting works as stated in the reports of 
Messrs. Henry R. Merton & Co. 

(d) Statistics not yet available. 

(e) Statistics compiled from direct returns by the producers to Taz MinERAL InpustRY. 

(f) According to Henry R. Merton.& Co., Belgium, Holland and the Rhine district of Germany in 1901 pro- 
duced 202,474 metric tons of spelter, against 189,301 metric tons in 1900 and 192,994 in 1899. 


PRODUCTION OF ZINC ORE IN EUROPE. (IN METRIC TONS.) 


Nor- 


Bare Italy. | way. | Russia.| Spain. [Sweden| United 
a 


Bel- Ger- 
France. Kingdom 


Year. {Algeria/Austria ium, many. 


17,587 | 26,887 | 11,630 | 81,346 | 729,942 | 22,700 | 118,171} 450 | 59,680. | 64,828 | 44,041 19,629 
32,269 | 27,463 | 10,954 | 83,044 | 663,850 | 30,906 | 122,214 | 908 | 54,524 | 78,848 | 56,636 19,587 
29,800 | 27,3895 | 11,475 | 85,550 | 641,706 | 32,045 | 182,099 | 320 (d) 99,836 | 61,627 23,929 
42,970 | 37,100 (d) 84,813 | 664,536 | 22,907 | 150,629 | 379 (d) | 119,710 | 65;159 23,505 
30,281 | 38,243: | 144,033 | 67,059 | 639,215 | 18,751 | 139,679 | (d) (d) SG SOSH. fate ceras 25,970 


(a) Zinc-lead ore. (b) Including blende and calcined calamine. (d) Statistics not yet published, 
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New York.—The market was very steady, being free from the wide fluctua- 
tions that have characterized former years. With the exception of a few isolated 
lots shipped on old contracts, no spelter was exported. The European market was 
not in a position to take additional quantities from this side without depressing 
prices still further, for in consequence of the lessened consumption Huropean 
producers felt compelled to reduce production, in order to guard against a 
further decline in values. It seemed absolutely necessary for the foreigners to 
have recourse to such concerted action, in view of the fact that the spelter industry 
had entered a phase which meant severe losses. The unprecedented advance in 
the price of coal and the higher rate of wages which were established during 
the last two years, added heavily to the cost of producing the article, and the 
result was in most, if not all cases, that producers were doing a losing business. 
Under these circumstances it was a matter for congratulation that our domestic 
demand proved fully sufficient to absorb the entire production of the United 
States. In spite of the steel strike, the galvanizing industry, which forms the 
principal outlet for the consumption of the metal, was very active with but short 
interruptions. The sheet zinc business was satisfactory in price as well as volume, 
and the brass trade consumed considerably more than in any previous year. The 
many avenues through which spelter enters into use for electrical purposes, such 
as telegraph and storage batteries, called for larger quantities, as did also the 
industries in which zinc oxide seeks its outlet. On the other hand, the output 
cf zine ores continued very large, although several of the companies floated a 
year or two ago, met with disaster. While some shipments of Joplin ores were 
made to the other side, mainly with a view to stimulating competition, the capacity 
of the smelting plants now in operation is more than sufficient to treat the present 
output. Colorado has supplied a moderately large tonnage of ores and indica- 
tions are that shipments from that direction will show a large increase during 
the coming year. January opened rather dull at about 4:125c. New York, con- 
sumers pursuing a hand-to-mouth policy, but producers not pressing sales. As 
the year progressed, the market weakened, in spite of a shut-down of about 60% 
of the mines and a good consumption; and 3°%5c. St. Louis and 3:95c. New 
York was reached by the middle of February. From this figure there was a slight 
recovery, only to give way to renewed depression. During April, however, some 
speculative buying set in and the market displayed considerable activity. Quota- 
tions of 3°875c. St. Louis and 4°05c. New York was reached in June. During 
the summer months, the steel strike prevented any undue upward movement, 


AVERAGE MONTHLY PRICES OF SPELTER IN NEW YORK. 


Year. Jan. | Feb. | Mar. | Apr.| May.|June.| July.) Aug. | Sept.) Oct. | Nov. | Dec. | Year 


Cts. | Cts.| Cts. | Cts.| Cts.| Cts.| Cts. | Cts. | Cts. | Cts. | Cts. | Cts. | Cts. 
1 SOG coe Wuiceaicictaiion core sisteraste 8°91 | 4:02 | 4°12 | 4°13 | 4:21 | 4°21 | 4°32 | 4°26 | 4°18 | 4°17 | 4°08 
Q “96 : : 4:27 | 4°77 | 4:66 | 4°58 | 4°67 | 4°98 | 5:29 
NBOS ee ae rcerinies sire menrecie a0 5:34 | 6°28 | 6°31 | 6°67 | 6°88 | 5°98 | 5°82 | 5°65 | 5°50 | 5°32 | 4°64 | 4°66 | 5°75 
HQOQR See Saree Schama isle yb et 4°65 | 4°64 | 4°60 | 4°71 | 4°53 | 4°29 | 4°98 | 4°17 | 4°11 | 4°15 | 4°29 : 
OOO rcntle coc ceanciarersites Seles 4:13 | 4°01 | 3°91 | 3°98 | 4°04 | 3°99 | 8°95 | 3°99 | 4°08 | 4°23 | 4°29 
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and it was not until the middle of September that matters began to improve. 
A lively demand developed for early shipments and prices advanced to 4°25ce. 
New York in October, and 4°325c. in November. The closing figures at the end 
of the year were 4:15c. St. Louis and 4°3c. New York, with stocks in first hands 
comparatively small. Negotiations were undertaken with a view to a consolida- 
tion of the principal smelting works, but the plan did not materialize. 
London.—January opened with a steady market at £18 17s. 6d. for ordinaries, 
and £19 for specials. There was a fair amount of buying by consumers, but 
tcward the end of the month the American dealers showed themselves willing 
to sell at the European parity, and this caused values to recede to £18 5s. for 
ordinaries. Continental makers also sold freely, thus helping the fall. February 
again witnessed a further shrinkage, owing to a continuance of Continental 
offers, but America was somewhat better and offering from that quarter ceased. 
Values continued to drop throughout the month, until it finally closed at £17 5s, 
Consumers bought freely throughout, having good orders placed, principally in 
the galvanizing and kindred trades. March was also to be a month of declining 
rates, and although consumers were tempted to buy ahead and book good quan- 
tities, their purchases were not enough to stem the tide of selling, which set in 
from Europe, where all makers seemed to be rather heavily stocked. The lowest 
figure touched this month was £16 for ordinaries, specials being held for about 
10s. more. Just at the close of the month there was a rally, chiefly induced by 
speculative buying and a withdrawal from the market of some of the chief 
sellers. The close was consequently strong at £16 17s. 6d. ordinaries, and £17 
for specials. April commenced with a quiet tone and prices drifted back again 
to the region of £16. At this time there was a meeting of the principal producers 
on the Continent to come to some arrangement, whereby they might restrict out- 
put and so keep values from declining. This caused a quick reaction from the 
bottom, and £17 2s. 6d. was paid for ordinaries. This conference was postponed 
constantly throughout the remainder of the year, but no definite agreement was 
come to. Continental producers took the opportunity of clearing out good quan- 
tities at. these figures, which led to a set-back early in May to about £16 18s., 
only to advance again rapidly to about £18, but a further reduction was apparent 
toward the end of the month, when the ruling figure was £17 15s. for ordinaries 
and £18 for specials. Consumers bought freely throughout in the hopes that a 
speedy arrangement would be arrived at by the producers. Zine sheets and gal- 
vanized iron were in good demand, large orders for the latter article being placed 
for the South African market. June, until about the middle of the month, was 
very quiet, but a little buying kept the tone steady at about £17, but toward the 
end of the month a quick break occurred, owing to heavy pressure of Continental 
sales, so that when July began the value of ordinaries was no more than £16 10s., 
specials being held for about 5s. more, and the market wag steady throughout the 
month, prices only fluctuating to the extent of a few shillings, closing figures 
being practically those last mentioned. August opened with a fair inquiry at 
about £16 10s., but steady buying caused a revival to about £17, which was about 
the nearest price when the month ended. September saw values steadily main- 
tained within 5 shillings either way of £17, and although consumers were busy, 
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there was enough spelter offering from the Continent to keep values from rising 
much. All the upward movements in October were induced by rumors as to the 
success of the Producers’ Convention, but no confirmation of any agreement was 
forthcoming. Prices oscillated between £16 18s. 9d. and £17 2s. 6d., and closed | 
about the lowest. November opened with a quiet market and a falling tendency, 
most producers seeming quite willing to meet the demand at current values. 
Business was done as low as £16, and as high as £16 17s. 6d., but the end of the 
month witnessed the lowest figure. December found spelter depressed in sym- 
pathy with all other metals, and prices dropped to £16 5s., but rallied toward 
the middle of the month, on the renewed reports that the European producers 
had at last come to a definite understanding. The highest point reached was 
about £17 for ordinaries, specials being held for about 5s. advance, and a good 
business was done on the advancing market, but when the above figure had been 
reached there was a tendency to recede, caused, no doubt, to a great extent, by 
the depression in the other branches of the trade. The year closed with good 
ordinaries selling at £16 15s., and specials at £17. 

Breslau.—The quarterly average prices of spelter during 1901, as reported by 
the Royal Mining Office at Breslau, were as follows, the quotations being in 
marks (23-8c.) per 50 kg. 


1895. 
First quarter.......... 12°50 
Second quarter........ 13°00 
Mhindsquarters. «ics. ec 13°50 
Fourth quarter........ 13°50 
AVELFA BOs. Sec cess sis 13°12 


The production of crude zinc was 107,967 tons, valued at 34,636,000 marks; 
of metallic cadmium, 13 tons. The output of calamine was 219,332 tons, of 
blende 253,770 tons; while from the furnaces 3,013 tons of zine sponge 
(Schwamm) and 3,604 tons of ashes, oxide and waste were recovered. ‘The con- 
sumption of coal was 1,160,052 tons. 


A REVIEW OF PROGRESS IN THE METALLURGY OF ZINC IN 1901. 
By WALTER RENTON INGALLS. 


Tu last year was characterized by the introduction of numerous improvements 
in the metallurgy of zinc, which tend to cheapen the cost of production and 
render available supplies of ore that have not been capable of profitable exploita- 
tion heretofore, without there having been any radical innovation. About the same 
number of new processes for the treatment of mixed sulphides has been patented , 
as in former years, but in so far as practical results are concerned the satisfactory 
solution of this problem appears to be as far away as it was at the beginning. 
Messrs. Ashcroft and Swinburne have been continuing in England their experi- 
ments with the Pheenix process of electrolytic smelting, with successful results 
it is claimed, but so far they have not gone beyond the experimental stage; espe- 
cial interest is attached to their proposals because of the novelty of their nature. 
In the meanwhile progress is being made in the distillation of charges high in 
iron and lead by the ordinary method of zinc smelting, with subsequent recovery 
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of a portion of the lead and silver values from the residuum, which procedure, 
aided by the more perfect preliminary preparation of the mineral that can in 
many cases be effected by means of the Wetherill magnetic separators, constitutes a 
real advance in the art. 

Economic Conpirions.—There was an improtant increase in the production 
of spelter in the United States; the output of Europe increased also, the produc- 
tion of Upper Silesia having advanced from 102,213 metric tons in 1900 to 
107,045 metric tons in 1901, which was an unusually large gain for that district, 
while the output in Rhenish Prussia, Westphalia, Belgium and Holland jumped 
from 189,311 metric tons to 202,485. Increasing production in Europe in the 
face of the generally depressed industrial conditions, especially in Germany, 
caused the price of spelter to rule low (the average for the year was only £17 0s. 6d. 
at London) and the cost of coal continuing high, the production of spelter could 
hardly have been conducted there on a satisfactory basis. In the United States 
the consumptive demand was sufficiently large to absorb the entire domestic pro- 
duction at a higher scale of prices than prevailed in Europe and there was conse- 
quently no exportation of spelter from this country in 1901, save the compara- 
lively small quantity of high-grade Eastern spelter, which is shipped abroad under 
any circumstances. 

Closing of Old Works.—The year 1901 witnessed what is practically the end 
of the direct-firing coal smelteries of Missouri and Kansas, at least for the present 
or so long as the natural gas holds out. Several of the old plants which were 
closed in 1900 were dismantled and others are being permitted to fall gradually 
_ to pieces through idleness and decay ; there is little likelihood that any of them will 
be of further use in their present form. The few coal smelteries that were in 
operation during 1901 comprise the works at Collinsville, Ill. (which were closed 
in August), the Carondelet works of the Edgar Zine Co., and the small plants 
at Bruce and Girard, Kan., and Rich Hill, Mo. It may be remarked incidentally 
that the works at Girard and the two plants of the Edgar Zinc Co. are controlled 
by the United States Steel Corporation, which obtains therefrom about 25,000 
tons of spelter per annum, or about 50%, more or less, of its own requirement 
of spelter for galvanizing purposes. The great center of the Western zinc smelt- 
ing industry is now the Iola district, comprising the environs of the town of 
Iola, Kan., and the near-by towns of Gas City and La Harpe. Outside of that 
district the only large smelting plant in Kansas is that of the Edgar Zinc Co., 
at Cherryvale. 

New Plants——The Lanyon Zine Co. and George E. Nicholson, both at Iola, 
and the Edgar Zinc Co., at Cherryvale, added new furnaces to their plants in 
1901. A new plant of 1,800 retorts was erected by A. B. Cockerill, at Gas City, 
near the existing plant of the Prime Western Spelter Co. Another new plant, 
comprising a sulphuric acid department, was erected by the Standard Acid Co., 
at Iola, near the Nicholson works. The ore is to be roasted by means of a modi- 
fication of the Hegeler furnace and the acid department is designed to turn out 
a product of 60°B. strength. The United States Zinc Co., composed of interests 
which are important in the American Smelting & Refining Co., made arrange- 
ments for the erection of a zinc smelting plant at Pueblo, Colo., which will afford 
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a local market for the blende concentrate of Leadville, Kokomo, Montezuma, 
Creede, Rico and elsewhere in Colorado. The Lanyon Zinc Co. and the New 
Jersey Zine Co. built rolling mills during the year (at La Harpe, Kan., and 
Palmerton, Pa., respectively) which will begin operation in 1902. The outcome 
of the advent of these concerns into the sheet zine business, wherein the Matthies- 
sen & Hegeler Zine Co. and the Illinois Zine Co. have heretofore had an extremely 
profitable monopoly, is awaited with interest. 

The Palmerton Works of the New Jersey Zinc Co.—The new plant of the 
New Jersey Zine Co., at Palmerton, Pa., which has been under construction for 
several years, was described recently by Mr. George C. Stone, the chief engineer 
of the company.’ This is not only the most modern, but also is the most com- 
prehensive works for the treatment of zinc ores in the United States. The plans 
of the company contemplate an ultimate capacity for producing annually 60,000 
short tons of zine oxide, 30,000 short tons of spelter and 72,000 long tons of 
spiegeleisen. In addition to those departments there is a sheet zinc rolling mill, 
a catalytic sulphuric acid installation, and a lithophone plan of five tons capacity 
per day. 

The works are situated on the edge of the anthracite coal field, about 9 miles: 
cast of Mauch Chunk. The ore, coal, limestone and other supplies are delivered 
_ by the Central Railroad of New Jersey to the zinc company, which does its 
own switching. The cars are passed over an all-steel, 100-ton track scale, or over 
a turnout which avoids the scale, to a double track trestle, the latter rising at a 
2% grade for 1,000 ft. and extending 2,000 ft. further at an elevation of 30 ft. 
above the ground level. The space under the trestle is occupied by bins, each 
20 ft. high and 25 ft. wide, which have chutes, accessible from cross-galleries, 
for the delivery of coal and ore into wheelbarrows. South of the trestle there 
is a storage yard, 1002,000 ft., which will hold 60,000 tons of ore, and a like 
quantity of coal; this yard is commanded by a Brown traveling bridge, which will 
take material from the bins to any part of it, and vice-versa. 

The zine oxide plant is located north of the trestle. The furnace house is 
50X1,260 ft., and contains 288 furnaces, built back to back in blocks of 12, each 
block being an independent unit. North of the furnace house are the blower 
houses, one for every two blocks, each containing two blowers driven by directly 
connected motors. North of these are the settling towers and exhaust-fan rooms, 
each of the latter containing eight directly driven fans. Still further north are 
the bag-rooms, of which there are four. The bag-rooms have an aggregate floor 
area of nearly 2 acres (87,120 sq. ft.) and contain over 27 miles of bags, which 
have a total surface of 850,000 sq. ft. The bag-rooms occupy three sides of a 
rectangle, the packing house filling up the fourth side. The packing house is 
62 ft. wide and 148 ft. long, four stories high. The first and fourth floors are 
for the storage of unpacked oxide. The latter is lifted by an electric elevator to 
the top of the building, whence it is led through chutes to bolting machines on 
the third floor and thence to packing machines on the second floor. Bags are 
sewed and cleaned on the third floor. North of the packing house there is a 
cooperage building and four storehouses, the latter having an aggregate floor area 
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of 63,000 sq. ft. and capacity for 9,000,000 Ib. of oxide. The cooperage building 
is 82X160 ft., two stories high. The lower floor is used for stock storage and 
drying rooms; the barrels are made on the upper floor and are conveyed thence 
over bridges to the packing house. Automatic sprinklers safeguard the building 
against fire. 

The oxide furnace house is built entirely of iron and steel. The working floor is 
10 ft. above the ground level, affording room for collecting hoppers for the 
residuum, which is drawn from them into steel cars and trammed by locomotives 
to the spiegeleisen department. The fan rooms and blower houses. have brick 
walls and steel, trussed roofs. 

Hast of the oxide department is the power aha which is centrally located 
with respect to the entire plant. The boiler house lies just to the north of the 
trestle, its south side serving as a retaining wall for coal dumped from the trestle. 
‘The coal is drawn through openings in the wall and discharged directly in front 
of the boilers. The boiler house is 56 ft. wide and will be eventually 320 ft. 
long. It now contains 16 return tubular boilers, each 6 ft. in diameter and 20 ft. 
long, equipped with Wilkinson automatic stew and arranged also to be fired 
with the waste gases of the blast furnaces. The engine house, which is situated 
north of the boiler house, is 64X270 ft., the main floor being 10 ft. above the 
ground level. A 40-ton crane traverses the entire building and a standard gauge 
track runs into it. The walls are of brick; and the roof slate, laid on 3-in. plank , 
carried by steel trusses. There are now installed two Dickson-Corliss horizontal, 
cross-compound engines, each of 800 H.P., directly connected with a 600-kw. 
(250 volts) Crocker-Wheeler generator. There is room for another generating 
set of the same type. Two 150-kw. Crocker-Wheeler generators, directly con- 
nected with Payne horizontal, tandem compound engines are in reserve. There 
is also room for three blowing engines, of which only one has yet been installed ; 
this is a horizontal, cross-compound Seminar Corliss, with 26-1 in. and 46-in. 
steam cylinders, 54-in. air cylinders, and 48-in. stroke. 

The spiegeleisen blast furnaces are situated east of the power plant. Room 
has been provided for four, but only one has yet been built. This is 60 ft. high, 
with bosh 14 ft. in diameter. A Brown automatic hoist and charging apparatus 
is used. Upright flue-dust catchers are installed in duplicate. South of the 
furnace are five 32-pipe Cooper stoves, one of them being held in reserve. Then 
follows the stock house, containing 18 circular steel tanks, set on concrete walls, 
for the storage of fuel and limestone, a steel trestle extending over them. 

The spelter department is placed to the east of the spiegeleisen furnaces. At 
present it comprises two large regenerative gas-fired furnaces, which are erected 
in a brick building, with steel truss roof, 66240 ft. The working floor is 14 ft. 
above the ground level, this arrangement conforming to the latest tendency in 
such installations. North of the furnace house are 11 Taylor gas producers, 
in a steel building 43X91 ft., and a boiler house, 54X60 ft., containing two 
250-H.P. Babcock & Wilcox boilers for blowing the producers and heating the 
retort drying rooms. There are also annealing furnaces, clay sheds and a pottery, 
the last being provided with hydraulic presses. South of the spelter plant are 
the sulphuric acid and lithophone departments. 
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The works are equipped with an elaborate system of tramways, water supply 
and electric lighting; and also with a very complete installation of construction 
and repair shops. 

The Census Report.—Bulletin No. 124 of the Twelfth Census, entitled “Lead, 
Copper and Zinc Smelting and Refining,” has recently been issued. The statis- 
ties collected for it cover the calendar year 1899; unfortunately the conditions 
of that year in so far as the zinc smelting industry is concerned were peculiar 
and abnormal, which fact must be borne in mind in considering its statistics. 
The latter are reported by States and include the returns of smelters who produce 
zine white, sheet zinc and sulphuric acid besides spelter, wherefore a purely 
technical analysis of the data is limited to results of comparatively little value. 
The statistics as reported by the Census, with the interpolation of some averages, 
are summarized in the following table :— 


vee Illinois. | Indiana. | Kansas. | Missouri. yn 1 Gores 
Number of Works. 31 5 3 11 5 3 4 

Capital invested (6): 
Waa Gicsc ier oe ie riorsinte senile sianieies .| 2,248,876) 138,100 7,250 | 1,684,026] 25,500 59,000 330,000 
BG CIN GS accion aun coserecicio sila se ses 5,470,590} 687,434! 108,454 | 2,206,702) 288,000 | 1,150,000 | 1,080,000 
Machinery, tools and implements....| 1,935,754) 1,095,041 21,690 405,464| 77,300 | 190,000 146,259 
Cash and sundries...... re ea A uate 4,491,590! 1,815,744 7,441 922,337} 418,229 472,626 | 1,360,218 
TO tals sa cicscic e.g conioeie Roa eo ane pieiatece 14,141,810] 38,186,319} 144,835 | 5,218,529} 804,029 | 1,871,626 | 2,916,472 
Tons Of Ore smelted ves. cccke sss cere cee 463,609 92,400 10,359 131,407 42,584 45,627 141,232 
Tons of dross smelted................5- 12,578 a Oa OES Re Seine ied LAR eo rh ant |e BS a 9,569 582 
Tons of spelter produced............+46 131,546 46,759 4,359 54,516 18,107 4,781 4,024 
Tons of sheet zinc produced........... 17,723 UG(CS ls Baan Occlbeon sa Sooel lao becorrao| OGOUCICOR SOE Ae oe 
Tons of sulphuric acid produced...... 58,828 BOTA IS liascse osave svete etl ov eiefaraso¥at stave | Rarsiarslacaloiave liakorscereheraiebere liane ote ecerslars 
Tons of acid phosphate produced...... 7,512 U1) 02) re rashes [est ripe oa prio Intra Ee PAC, Mer ame RE Aa Rea et OCR 
Tons of zinc oxide produced........... BG OU else auoienscsnerael foie cuanto: aval] era fetananate ouavel| lewaisvgrar harass 9,644 27,913 
Average value of spelter per ton (¢).... $108°49}  $103°59} $102°24 $106°21) $111:10 | $138-17 $133°09 
Average value of sheet zinc per ton (c). 140°80 DAO SU evar syoisry: ciate | avoir crear forotailfavare: ok adarepeeet| ote: evarsterareporsl| nial oreteiatey wey 
Average value of sulphuric acid (c).... 7°22 lbmsor Wet ste or bera svallferateca vie efstate)| iacerere:siecsletasl tve'arn sitve, Staal eteie eta aieeees 
Average value of zinc oxide per ton (c) (PAG EAB ARPA Bic MRC omrese) lair Nake Socata ats Be 80°84 69°46 

Number of men employed (d): 

MERU eac sient conve site eens a siereies 5,944 1,641 190 1,958 537 751 867 
Minimum....... antsis acta teictoratsieheatataearetacein 4,473 1,476 140 1,186 433 593 645 
AVEFAge......eeeee RRR ARES Sdrdouaous 4,869 1,551 119 1,487 500 448 764 
Total hors? power of engines.........- 12,546 3,294 230 2,330 675 8,921 2,096 

Cost of production: 
Ore (€)......568 sivAeraehee Rees emt owes $10,995,846) $3,669,953} $326,191 | $4,317,628/$1 503,670 | $262,792 | $915,112 
Dros (€).....eeesees io hae aaa’ G44 645 | OA BHO: sane ce [eet malice aerate 506,242 14,063 
(HUM s) iavesststsreie io ajsigrs) ahiatalase elareia’etejoieieiers eis 751,839 261,661 8,058 129,173 93,534 66,591 192,822 
Rent of power and heat.......+.+.++- MONO 37s csatanetnvetacel| a steers Syrians HOMO | wear aretereieee id cartiehtrenllibistolonce ene 
Mill Sup PHOS soca \qeiccaw welcieisie we sina soe 83,845 24,977 1,145 10,452 2,412 14,962 29,897 
Other material..... area matoni ens 436,378} 205,538 6,836 41,103) 38,871 45,605 103.425 
Breil, Saas ne sepsis vais g ate Ravan wcraiahs 298,505 130,346] 44,669 105,590 VAGOD oc ecstecedl visecunenaies 
WGAWOI ee cea saiieoeieia Hove Rte pe, 2,355,921 758,912 58,138 705,803] 268,196 174,510 390,362 
Salaries cinischcesce a cousor aeons 440,200) 222,022 7,650 60,800| 36,880 13,669 99,179 
Other general expense (f).......-0+0+ 399,472 109,407 5,588 81,169 86,903 4,869 161,536 


(a Includes two works in New Jersey and one each in Virginia and Wisconsin. (6) Inciudes the value of 
land, buildings, machinery, tools and implements and the live capital utilized, but does not include the capital 
stock of any corporations reporting. (c) Values at the works where produced. (d) Includes women and boys, 
of whom the number is insignificant; does not include proprietors, managers, superintendents, clerks and 
semen (e) Cost delivered at the works. (/) Does not include selling expense, interest on capital or amorti- 
zation of plant. 


The above works produced only spelter, no by-products being recovered. Under 
the caption of fuel, the coal and coke used for reduction material is doubtless in- 
cluded, although not so stated in the report. It is not stated what value, if any, 
is put on the natural gas consumed. 

The production of the works of Indiana, Kansas and Missouri and the labor 
and fuel cost per ton of spelter, segregated according to the fuel used, is given 
in the table on the following page. 
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Natural Gas. Coal. 


Spelter. Wages Fuel Spelter. Wages Fuel 
Short Tons.} per Ton. per Ton. Short Tons.} per Ton. per Ton. 
40,125 $12-03 $138 ||Kansas and South-|| : & : 
4 13°34 2°99 western Missouri. { 24,219 $15°53 $419 
St. Louis district.... 14,151 14:06 5°68 


Referring to the first table, it is to be remarked that the great difference in 
the values of the spelter produced in the Hast and the West, 7.e., 6:65@6'90e. vs. 
5°10@5'55c. per lb., is due partly to the superior quality of the former metal. 
Also it is to be borne in mind that there were wide fluctuations in price in 1899 
and the period of the year at which the product was sold would make a great 
difference. In the latter half of the year most of the Western smelters were 
operating at a greatly reduced rate and some closed their works entirely. 

BLENDE Roastine.—In the blende roasting practice in the West conditions 
remain the same as heretofore, some of the works employing long mechanically- 
raked furnaces and some of them continuing to use hand-raked shelf burners. 
The new works of the Standard Acid Co. has a modification of the Hegeler 
furnace, which is adapted to utilization of the sulphurous gas for acid manu- 
facture ; the new plant of A. B. Cockerill has hand-raked shelf burners. The cost 
of roasting with the aid of natural gas in the Iola district, both with hand-raked 
and mechanically-raked furnaces, is phenomenally low; in the former, the work 
is done by contract at 5c. per 100 lb. of roasted product, or $1 per ton, at which 
rate the men earn $2@$2°20 per day, according to the season of the year. (In 
the cool weather the men roast more ore than in the extremely hot weather of 
the Kansas summer.) <A cost of $1 per ton of roasted ore corresponds to approxi- 
mately 85c. per ton of raw ore, dry basis. 

Numerous new mechanical roasting furnaces were patented in 1901, none of 
them being designed especially for blende roasting, however, with the exception 
of that which was invented by Mr. Joseph P. Cappeau, general manager of the 
Lanyon Zine Co. and was put in practical use at one of the Iola works of that 
company. This furnace is more or less a modification of the Ropp furnace; the 
‘space under the hearth is entirely clear, however. The patent specifications 
c.aim: “A roasting furnace comprising a hearth supported on standards to per- 
mit free circulation of air beneath the floor of said hearth, an opening in said 
floor for permitting the passage of air into the hearth, and adjustable means for 
controlling the passage of air through said opening.”* The new Spirek furnace, 
which was designed originally for the reduction of quicksilver ore, has been 
adapted to blende roasting, and an installation for that purpose has been made 
in Italy, as is described later in this section. 

DISTILLATION FurNAcES.—The type of distillation furnace that is most 
economical depends greatly upon the kind and cost of the fuel that is available. 
In Europe, where coal is dear, the tendency of the last 10 years has been toward 
the introduction of Siemens regenerative furnaces. In Upper Silesia, the number 
of them at the older works has been increased, and the latest works, 7.e., the Bern- 
hardihiitte (1897) and the Florahiitte (1900) have nothing but them. In Bel- 


2 United States Patent No. 691,112, Jan. 14, 1902. 
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gium the same tendency is manifested, the old furnaces that have been lately torn 
down at some of the works there having been replaced by Siemens massives with 
240 large retorts. Such furnaces are now in use at Overpelt, Prayon and Engis. 
This is rather a reversal of opinion, because the Siemens system was early tried 
with the Belgian type of furnace and did not find favor. In the United States, 
where coal is generally very cheap, there is less incentive to economy in its use, 
although gas-firing may be advantageous in other respects. Siemens furnaces were 
built about 1880 at Rich Hill, Mo., Pittsburg, Kan., and Peru, Ill. The last is 
the only place where they are in use in the West at present. At Lasalle gas-fired 
furnaces, with partial recuperation of heat by means of stoves and by the genera- 
tion of steam for power, have been employed for a long time. In the natural gas 
fields, so long as the supply of that wonderful fuel continues plentiful and cheap, 
there is no inducement to build expensive, heat-recuperative furnaces. 

Iola Furnace.—The Iola smelters have settled upon a type of forced draft 
distillation furnace, which was originally adapted from the long furnaces em- 
ployed at Lasalle, Ill.; after many vicissitudes and reconstructions, it has been 
modified so as to give satisfactory results with natural gas firing. At Cherryvale 
alone furnaces operated by natural draft are employed, following the type 
adopted in the Indiana gas field, but better designed and more substantially 
constructed. The Indiana type was tried experimentally at Iola, but has been 
discarded in favor of the forced draft furnace, or “blow” furnace, as it is com- 
monly called. 

The distillation furnaces now commonly in use at Iola comprise from 600 to 
660 retorts, arranged in five rows of 60 to 66 each per side. The introduction 
of any portion of the gas through the end wall of the furnace has been discon- 
tinued, and the entire supply is now fed in through ports in the alternate pillars 
of the working sides of the furnace, the gas being brought down through branch 
pipes from the mains extending along the furnace for the full length of each 
working side. The omission of four tiers of retorts at one end of the furnace 
(in order to afford the gas and air formerly introduced at that end of the fur- 
nace an ample opportunity for mixture before reaching the retorts) has also been 
abandoned, and in those furnaces previously constructed in that manner the 
former open space is now occupied by additional retorts, wherefore a furnace that 
used to contain only 620 retorts now has 660. The old furnaces have also been 
generally repiped, giving them a larger gas supply, a better distribution of gas 
and better means of regulating its influx, together with that of the air for its 
combustion, and consequently a better control of the temperature. The result 
of these improvements has been a complete elimination of the old trouble of 
soot deposition, which was, of course, due simply to a deficiency in air supply 
or to imperfect admixture of the air and gas, while a uniform temperature 
throughout nearly the whole length of the furnace is attained and can be main- 
tained as desired, of course with a beneficial effect upon the yield of metal obtained 
from the ore. Not less in importance is the better systemization of the labor in 
distillation, which has enabled the maneuver, i.¢., the discharging and recharging 
of the retorts and the accessory processes, to be performed within the customary 
limit of five hours, or in but little excess over that time. 
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The physical construction of the furnaces has also been improved, many of 
the older ones with entirely too light walls and imperfect bracing having been 
torn down and replaced by furnaces of more substantial and better ironed 
masonry. ‘This has led naturally to an increased length of furnace campaign. 
It is probably still too early to determine what will be the average duration of 
furnace campaign at Iola, inasmuch as gas smelting there is not yet more than five 
years old and it is only within the last two years that the practice has definitely 
crystallized, but there seems to be no reason why the average should not exceed 
two years and with good construction in the first place and subsequent careful 
attention it may be fully three years. The form of furnace with a single, large, 
light and airy ash-tunnel is generally adopted, none but the furnaces at La 
Harpe having two tunnels, but the chimneys instead of being built in connection 
with the end wall of the furnace, resting on the arch of the ash-tunnel, as was 
the case of some of the earlier furnaces, are now set a few feet in advance of 
the end wall and offset from the prolongation of the center lines of the combustion 
chambers, so that they stand on a solid foundation independent of the furnace 
proper and at the same time leave the ash-tunnel clear, connection between the 
combustion chambers and their respective chimneys (two per block) being made 
by short horizontal flues. Another detail in which there has been a change is 
the removal of the gas regulator to a point 40 or 50 ft. outside of the furnace 
house, the advisability of this change having been indicated by the explosion 
of a regulator in one case, ignition of the escaping gas and destruction of the 
furnace and house; formerly the regulators were frequently contained in a 
small lean-to directly connected with the furnace house. 

The furnace houses are designed after the same general type throughout the 
district. This is a long frame building with a simple pitch-roof supported by 
posts (no trusses) which are disposed in such a way as to leave an ample clear 
space in front of the furnace. The distance from the working faces.of the fur- 
nace to the sides of the building is sufficient to enable work to be done with com- 
parative comfort notwithstanding the intense radiation of heat from the long 
furnaces. The floors of the buildings are paved with brick and the ore is brought 
in by means of large charging cars on tracks extending in front of the furnace 
on each side. Movable shields to aid and protect the men in working the fur- 
nace are used at all the works without exception. In the present practice the 
blowers, which are of the ordinary fan type, are situated in the main engine 
house. Each works is provided with at least a duplicate installation and it is 
the common practice to run one fan by day and the other by night. In large 
works this arrangement involves the transmission of the air a long distance in 
order to reach the more remote furnaces. 


Although the furnace of the dimensions described above has become the Iola 
standard, the Lanyon Zinc Co. experimented during 1901 with some furnaces 
of the same type, but with only 400 retorts, these being arranged in five rows 
of 40 each per side. Two furnaces of that size are installed end to end, with 
proper space between them, in a single house, giving thereby 800 retorts per 
house. The fact that the Lanyon Zine Co. has been building some additional 
furnaces of the same dimensions indicates that the result of the first ones 
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were satisfactory. It is naturally to be expected that modifications in the num- 
ber of retorts per furnace and their arrangement will be made from time to 
time, but there seems to be little probability that a further change from the Iola 
type of furnace as a type will have to be made so long as the supply of natural 
gas continues to be ample. 

The standard Iola furnace distils per 24 hours per massive from 24,000 to 
26,000 Ib. of ore, with which is mixed 40 to 50% of coke and lean coal as reduc- 
tion material. The furnace crew per massive consists of two firemen, who work 
12-hour shifts, four chargers, six men in front of the car, four men behind the 
car and two condenser cleaners; on the night shift there are two metal drawers 
and one stuffer and metal piler. This arrangement obtains in all of the works of 
the district, with slight modifications; for example in some works there are 
only two firemen per two blocks. The maneuver is begun about 5 a.m. and is 
completed about 10:30 a.m. 

Ferraris Furnace—This is a new type of distillation furnace, invented by 
Erminio Ferraris, which has lately been introduced at the works of the Societa 
di Monteponi, in Sardinia, where it has given very successful results. It is gas- 
fired and heat-recuperative, but has regenerative chambers for air alone, the 
gas being delivered already hot from the generator (which should be therefore 
set as near the furnace as is convenient) and being further preheated only by 
circulation through flues in the middle longitudinal wall, which divides the fur- 
nace into two separate combustion chambers. The movement of the burning gas 
through the combustion chambers is longitudinal, but the direction of the current 
is periodically reversed, wherefore there is, no cold end. Beneath each com- 
bustion chamber there are two heat-recuperating chambers, filled with hollow 
brick, standard fire brick, or tiling, in such a way as to form numerous horizontal, 
parallel flues, which are divided into two groups by a horizontal partition, com- 
pelling the products of combustion entering at one end of the recuperative 
chamber from the corresponding end of the combustion chamber to traverse hori- 
zontally through the recuperative chamber, first through the upper division toward 
the middle of the furnace and thence backward through the lower division to the 
end, where communication is made with a longitudinal flue leading to a main flue 
which leads off from the middle of the furnace to the chimney. The gas from the 
producer, situated at one side of the furnace house, is delivered through a properly 
lined pipe to the center of the furnace overhead, whence it is directed, by changing 
the position of a valve, alternately to one end of the furnace or the other, passing 
through the flues in the middle wall. It enters the combustion chamber through 
ports below the lowest row of retorts, which ports are provided at intervals up to 
a line midway and transversely through the combustion chambers, so that the 
gas, instead of merely entering at the end, is distributed through the latter, 
thus insuring complete combustion of the gas by gradual admixture with 
air and a proper heat in the middle of the combustion chamber, which might 
otherwise average a little cooler than the ends. In the flue leading to the chim- 
ney there is a reversing valve to change the current of the products of com- 
bustion, which valve is connected with the gas valve over the furnace, so that the 
entire system will be operated together. 
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In operation the gas entering at one end of the furnace meets the hot air issuing 
from the recuperative chambers corresponding to that end. The burning gas 
passes horizontally toward the other end of the combustion chambers, enveloping 
the retorts on the way, and thence escapes into the recuperative chambers corre- 
sponding to that end, traveling horizontally through their flues and making a 
return pass before reaching the large flue leading to the chimney. In the mean- 
\while the air for the combustion of the gas is entering through the flues of the 
(opposite pair of recuperators. At the end of the proper interval the direction 
of the currents of air and gas is reversed. 

This furnace, which is designed on thoroughly scientific principles, has the 
‘important advantages of maintaining an equable temperature throughout a great 
length, and at the same time permitting the installation of a heat recuperative 
‘system of high efficiency. The appropriation of the entire available space under 
the combustion chambers to regenerative chambers for air alone simplifies the 
‘construction as compared with Siemens furnaces, in which heat is recuperated 
through the media of both gas and air. With regenerators for air alone there 
‘is no trouble from gas leakages and the hot brick of the flues is subjected only 
ito the strongly cooling action of cold air. The gas, which is delivered to the 
‘furnace ‘from above, arrives with much of the heat of the primary combustion in 
‘the producer, and is further heated during its circulation through the flues in 
the middle longitudinal wall; the heat that is acquired in the latter manner 
iso actual gain, however, inasmuch as it is abstracted by conduction and radia- 
tion from the combustion chambers to which it is immediately returned as caloric 
‘of the gas. The furnaces at Monteponi have 180 large retorts per massive and 
smelt from 6,000 to 7,000 kg. (13,228 to 15,432 Ib.) of calcined ore per 24 hours. 

Neureuther Furnace.—Charles F. Neureuther, of Peru, Ill, patented a modifi- 
cation of the Siemens regenerative Belgian distillation furnace, in which the air 
and gas are partially discharged half way up in the combustion chamber by means 

of vertical ducts and corresponding ports in the middle longitudinal wall. In 
the Siemens regenerative Belgian furnaces built heretofore in the United States 
the gas and air have been discharged under the lowest row of retorts; Neureuther 
states that with that method of heating the retorts of the upper rows have not 
been so highly heated as those of the lower rows, with the result that the ore 
charged into the upper retorts has required a longer time for distillation and the 
residues have been richer in zinc than they ought to be, and claims that by intro- 
ducing the gas and air at different points in the height of the combustion cham- 
ber a more uniform temperature is obtained. He claims also that the capacity 
of the furnace is increased and that it is practicable to install at least one more 
row of retorts than in the older furnaces. ‘The building of ducts in the middle 
of the longitudinal wall necessitates that the latter be made thicker at the bottom, 
on which account the retorts of the lowest two rows are made necessarily shorter 
than those of the upper rows.* 

Non-Corrosive Retort Lintne.—An interesting development of 1901 was 
the practical application of the ‘Sadtler retorts* at the works of the Midland 


3 United States Patent No. 666,890, Jan. 22, 1901. 
4 Engineering and Mining Jornal, Sept. 29. 1900; THe Minera INpustRy, Vol. IX., p. 682. 


PROGRESS IN THE METALLURGY OF ZINC. 671 


Smelting Co., at Bruce, Kan., which were leased by the owners of the patents 
for the purpose of demonstration. Operations were begun June 10, since which 
time ore high in lead and iron from Colorado, together with some ore high in 
iron from the Joplin district, has been regularly smelted, apparently with suc- 
cessful results. I am informed that at least one other smelter in Kansas intends 
to give the Sadtler retorts a trial in 1902. 

It is reported that a slight difficulty was experienced because of cracks some- 
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times occurring in the lining of these retorts, which would permit the slag to 
corrode through the retort and dripping down upon those of the lower ranks 
would corrode them from the outside. To obviate that difficulty the upper out- 
side of the retorts has been coated in the same way as the inside, so that if a 
crack should occur in the lining of a retort in the upper ranks those situated 
below it will not suffer. 

QuaLity oF SpeLTER.—The quality of the spelter produced is a matter which 
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receives careful attention by the Kansas smelters, particularly in order to meet 
the requirements of the brass trade. Some of the smelters keep apart the first 
drawing of metal from the condensers and cast it in 50-lb. slabs which are sold 
under the names of “extra select,” “brass special,” or some other particular brand. 
Metal of that class contains but little more than 0°5% lead and is generally safely 
within the iron limit. The ordinary product of the Iola smelters is marketed in 
the form of slabs weighing from 65 to 67 lb., or roughly 30 slabs to the ton. 

EH. Herter, of Beuthen, Upper Silesia, patented an apparatus for separating 
lead from spelter simultaneously with the drawing of the latter from the con- 
densers of the distillation furnace. The molten spelter is collected in a kettle 
lined with refractory material, which has a lip on one side and at the bottom 
an outlet hole fitted with a goose-neck or other suitable device for drawing off 
the lead settled from the spelter. The kettle is surrounded by a jacket, which is 
arranged with fire-bars at the bottom, and the annular space between the kettle 
and the jacket is kept filled with glowing coke. A cover is provided to close 
the annular division at the top. The whole apparatus is supported on trunnions 
at the end of a horizontal arm which is mounted on a movable carriage. The 
zinc is allowed to remain in the kettle at any desired temperature for as long a 
time as may be necessary to permit separation of the lead.° 

MIscELLANEOUS PRoposaLs.—Following are some of the miscellaneous pro- 
posals for the recovery of zinc from its ores, which have been referred to in the 
literature of the year. 

Reduction of Blende by Calcium Carbide.—lL. M. Bullier patented a process 
for the metallurgical treatment of sulphide ores by smelting with calcium car- 
bide. The ore, with or without a preliminary roasting, is fused at a clear red 
heat with granuated calcium carbide and a suitable flux for about one hour, by 
which means copper and certain other metals may be separated in what is claimed 
to be an entirely novel manner. In treating the sulphides of volatile metals a 
closed apparatus is used.° 

Electric Smelting.—Casaretti and Bertani patented a process for the produc- 
tion of zine by smelting in an electric furnace, which is being worked by the 
Societa Elettro-metallurgica Lombarda. It is claimed that 1 kg. zinc is pro- 
duced per 2 H.P. hours, the quantity of coal consumed in each furnace being 
15 kg. per 100 kg. of ore.’ 

RECOVERY oF ZINC FROM WASTE PRopucts.—J. Richards lately described some 
methods used practically for the recovery of zinc from galvanized iron scrap, 
and other waste material, in connection with the recovery of tin from tin-plate 
scrap, which are of much interest.® 

Tim and Galvanized Iron Scrap.—The method employed for the treatment of 
this material consisted in immersing the tin-plate scrap in hydrochloric acid 
until the tin was dissolved, followed by an immersion in water, then in water 
with a little lime, then again in water, and finally for a moment in a solution 
of copper sulphate. The vats containing the various solutions were arranged in 


5 British Patent No. 8,175, April 20, 1901. 

6 British Patent No. 9,046, of 1900. 

7L. Belloc, Elettricita, Milan, XIX., 598; Science Abstracts, 1901, IV., i, 74. 
8 Journal of the Franklin Institute, CLI., 445-455; CLII., 59-638. 
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a semicircle, commanded by a central crane; they were 6 ft. in diameter, 6 ft. 
in depth, and were sunk in the ground. The scrap was packed in a wooden cage, 
holding 200 lb., which was handled with the aid of the crane. The object of 
dipping the cleaned scrap in the solution of copper sulphate was to deposit upon 
it a thin coating of copper in order to protect the iron from rust, until after con- 
solidation under a drop-press it could be reheated and forged into blooms. The 
tin was recovered from the chloride solution by dipping galvanized iron scrap 
in it, whereby metallic tin was precipitated by the zinc dissolved from the iron, 
zine chloride being formed by the reaction. The precipitated tin was then col- 
lected and remelted, and the zinc chloride was sold for use as a disinfectant. 
About 600 lb. of tin were recovered from 10 tons of scrap. The cleansed iron 
sold for $10 per ton. 

Waste Products from Galvanizing—Sal ammoniac skimmings from the sur- 
face of the zinc bath used in galvanizing, which consist chiefly of zinc oxide dis- 
solved in ammonium chloride and double chloride of zinc and ammonium, were 
leached with hot water and steam, whereby the chlorides were dissolved. They 
could be recovered for further use as galvanizing flux by boiling down the solu- 
tions and crystallizing them out. The residuum from the lixiviation, consisting 
of zine oxide, dirt and shots of zinc, was tumbled in a revolving barrel whereby 
the shots of metal were cleaned so that they could be remelted on the top of 
a pot of molten zinc. The zine oxide which became crushed to a powder was 
marketable at $30 per ton with manufacturers of zinc paint. The average yield 
of such skimmings from galvanizing was 20% spelter, 30% ammonium and zinc 
chlorides, 35% zine oxide and 15% iron scale and dirt. 

Zinc Dross.—The zinc-iron alloy, known as zine dross, which accumulates at 
the bottom of the galvanizing pots, was treated by melting and introducing into 
the molten metal (below the surface thereof) a mixture of sulphur, potatoes and 
leather scrap. After about 15 minutes, action having been completed, a little 
aluminum was introduced in order to break up dissolved oxides. After per- 
mitting to stand for a short time, pure metal could be ladled off, most of the 
impurities of the dross remaining at the bottom of the pot. A sample of 40 
carloads of spelter obtainéd in this way assayed 98°35% Zn, 1°5 Pb and 0°15% Fe. 
Spelter refined a second time by the same process contained from 99 to 
99°75% Zn, the only impurity being lead. A third refining failed to raise the 
percentage of zinc higher than 99°85. Scrap zinc could be treated in the same 
way. The aluminum was most successfully introduced in the form of an alloy 
containing 98% Zn and 2% Al. 

Zinky Lead.—The zinky lead which collects at the bottom of galvanizing baths 
was treated by remelting in a wide pot at a temperature only just above the 
melting point of lead. An iron ring, 2 ft. in diameter and 6 in. in depth, was 
placed on the surface of the metal, and the zinc was skimmed off within the ring 
as fast as it rose to the top in a pasty condition. The lead still contained about 
2% Zn after this treatment; a further elimination of the zinc would be of course 
a simple matter by the ordinary refining process, which is employed in connection 
with the desilverization of lead. The impure lead found a ready market, how- 
ever, for the manufacture of weights, counterbalances and for use as ballast, ete. 
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ZINC OxipE.—One of the most important recent developments in the Ameri- 
can zinc industry has been the remarkable increase in the production of zine 
oxide. It is said that this has been partly absorbed by an increased consumption 
in the rubber trade, zinc oxide being an important ingredient in the compounding 
of rubber; it has partly been exported, there being a growing foreign trade in 
the American product; but notwithstanding those demands it must have gained 
great headway in the domestic paint trade in competition with the other white 
pigments, especially white lead. The merits of zinc white as a pigment were 
summarized by Maximilian Toch in a paper recently read before the New York 
Section of the Society of Chemical Industry.® He stated that the consumption of 
white lead is decreasing and that it should not be used alone. The specifications of 
the United States Lighthouse Department demand 75% of zinc oxide and 25% 
of white lead. Zinc white mixes well with other pigments, particularly with 
white lead. Zine oxide made directly from ore is more durable than that made 
by burning spelter, and on a very large surface the difference in whiteness is 
soon apparent. Zinc oxide as the drying progresses becomes very hard and 
brittle, this being more the case with oxide made from spelter than with that 
made directly from ore. This is overcome by treating the linseed oil with 
0°33% of litharge before mixing with the zine white, a flexible drying paint being 
thus produced, which is essential in the manufacture of oileloth. Zinc oxide 
is not affected by hydrogen sulphide, which gives it a superior advantage for the 
painting of the interiors of buildings. It is less absorbent than other paints, 
and can be washed. On outside walls it withstands well the action of the at- 
mosphere when used to the extent of 50% mixed with white lead and barium 
sulphate. 

A new plant for the manufacture of zinc white was erected at Joplin, Mo., 
in 1901 by the Renfrow Paint Co. The raw material that is to be employed is 
a zine carbonate, assaying about 87% Zn, which is obtained from what is sup- 
posed to be a large deposit at West Plains, Mo. 

W. B. Middleton patented a special furnace for the direct production of zine 
white from ore. This furnace is of the reverberatory type, but is without a fire- 
bridge and has a fire-box about 3 ft. deep. The fire-box is filled with fuel, and 
a charge of roasted blende, or calamine, is put on the hearth. When it becomes 
hot it is raked off the hearth on to the top of the incandescent fuel, and a fresh 
charge is put into the furnace, more fuel being thrown into the fire-box at the 
same time. As soon as the hot ore reaches the fuel, zinc fumes are evolved and 
travel over the hearth into a suitable condensing chamber. The fire-bars of the 
furnace are carried loosely on notched bearers, beyond which their ends project, 
so that they can be turned by means of levers in order to break up and remove 
the clinker.’° 

ELECTROGALVANIZING.—The use of electrogalvanizing for the production of 
boiler tubes and for the coating of torpedo plates and torpedo-boat fitting has 
been increased by the recent construction of an electrogalvanizing plant for 
Messrs. John Cockerill & Co., of Seraing, near Antwerp, Belgium. The con- 
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struction and working of the plant is similar to the one built in 1900 for the 
German Shipbuilding & Engineering Co., at Tegel, near Berlin, a description of 
which appeared in Tie Mrnerau [npusrry, Vol. 1X., pp. 683-685. 

TREATMENT OF Mrxep SULPHIDE OrES.—The mixed sulphide ores of Leadville, 
Colo., have been treated on a large scale by careful separation of their minerals 
with the aid of Wilfley and similar tables. The galena concentrate finds a ready 
market with the lead smelters and the blende concentrate has been of such a 
character that the zinc smelters would take it at a low price, generally $6@$7 
per 2,000 Ib. f. 0. b. Leadville. The larger part of the Leadville product, which 
probably averages about 45% Zn, 6% Pb and 10% Fe, has been exported to 
Europe, via Galveston, the freight from Leadville to Swansea and Antwerp 
being about $9°50 per 2,000 lb. In 1900 the total production of zine ore in 
Colorado, according to H. A. Lee, commissioner of mines, was 77,984 tons, 
averaging 42% Zn; this doubtless included all the ore that was used for the 
manufacture of zinc white, and zinc-lead pigment, as well as for spelter. In 1901, 
Leadville produced 23,261 tons of zine ore. In addition to Leadville, shipments 
of zine ore are made from Silver Plume, Montezuma, Creede, Rico, and else- 
where in Colorado. 

The fact that Colorado blende contains iron in its composition makes it sus- 
ceptible to the intense magnetic influence of the Wetherill machines and enables 
it to be separated from the intermixed galena and pyrite, which are both abso- 
lutely non-magnetic. Experiments have demonstrated that this is a process 
which will be commercially successful, and the Colorado Zinc Ore Co. and the 
New Jersey Zinc Co. have been lately erecting magnetic separating plants at 
Denver and Cafion City respectively, which ought to be in operation in 1902. 
The indications point toward the production of an ore of about the same per- 
centage of iron as that which the present concentrating mills are furnishing, 
but several units higher in zine and lower in lead. A magnetic separating plant 
is said to be already in operation at Rico. 

The treatment of mixed sulphide ores by the Sadtler process of distillation has 
been referred to previously in this review. Some of the new proposals of a hydro- 
metallurgical and electro-metallurgical nature are summarized in the following 
paragraphs. 

Bechi—Guy de Bechi, of Paris, France, patented the roasting of zinkiferous 
sulphide ores with admixture of from 15 to 30% of silica, whereby it is claimed 
the zinc is rendered more completely soluble in acids than when the ore is roasted 
- without such admixture.** 

Clancy & Marsland.—J. C. Claney and L. W. Marsland, both of Sydney, 
N. S. W., are the inventors of a process which is being exploited by the Clancy- 
Marsland Sulphide Process Co., Ltd., of Sydney, and has been tried experi- 
mentally at that place. The fundamental feature of the process, which is de- 
scribed with numerous modifications, is the admixture with the ore of lead sul- 
phate in molecular proportion and heating, whereby it is claimed that the ore is 
decomposed in a manner analogous to that which takes place in the roast-reaction 
method of smelting galena. It is claimed that in this way the zinc is rendered 


11 British Patent No. 985, Jan.16, 1900; Journal of the Society of Chemical Industry, Jan. 31, 1901, p. 47. 
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completely soluble in sulphuric acid, while the desulphurization of the ore is 
completed in so short a time as 30 minutes. The reaction is effected in a re- 
verberatory or muffle furnace, either below or above the temperature at which 
lead will be volatilized. In the former case the desulphurized ore is treated 
with sulphuric acid in order to obtain soluble zine sulphate and insoluble lead 
sulphate; in the latter, the gas from the furnace, laden with zinc-lead fume, 
is passed into dilute sulphuric acid; in either case the results finally accom- 
plished are the same. ‘The lead is obtained as sulphate, of which the necessary 
proportion for the decomposition of more ore is reserved, while the remainder is 
smelted for metal. The zine is obtained as a solution of its sulphate, which 
is evaporated to dryness and heated to the temperature of decomposition, in 
order to obtain zinc oxide as the final product. The sulphurous and sulphuric 
gases evolved during different stages of the process are converted into sulphuric 
acid. The process in its numerous modifications is described in a pamphlet 
published by the company which is promoting it, and in numerous patent speci- 
fications.” 

Davis—G. HE. Davis and A. R. Davis, of Manchester, England, patented a 
process for the treatment of mixed sulphide ores by digestion with dilute nitric 
acid, a preliminary roasting being unnecessary, since nitric acid decomposes most 
sulphides. Zinc, lead and iron go into solution as nitrates, and all but the zine 
can be precipitated by addition of zinc oxide, which if properly regulated will 
enable a fractional separation of the metals to be made and the lead to be re- 
covered separately. Lead is precipitated from the mixed solution of zine and 
lead nitrates by adding zinc oxide and passing in carbonic acid gas, whereby 
lead carbonate is thrown down, zinc replacing lead in the solution. It is pre- 
ferred to conduct the process in two stages, less than the theoretical quantity 
of zine oxide, mixed with the lead precipitate of a previous second stage opera- 
tion, being used in the first; in the second stage an excess of zine oxide is em- 
ployed.** The purified solution of zinc nitrate is then evaporated to about 
15 sp. gr. and furnaced for the production of zinc oxide and gaseous nitrogen com- 
pounds. The latter together with the nitrous fumes from the original treatment 
of the raw ore are recovered as nitric acid, available for attacking a fresh lot of ore. 
The residue from the digestion with nitric acid contains silica, sulphur and lead 
sulphate, together with gold and silver. The nitric acid used for attacking the 
ore may be diluted with weak zinc nitrate solution so as to obtain a stronger 
solution for the ultimate evaporation."* 

The Messrs. Davis also proposed to treat sulphide ore by digestion with 
hydrochloric acid, saturating any free acid in the liquor therefrom with zine 
oxide, oxidizing any iron therein to the ferric state, precipitating ferric hydroxide 
by means of zine oxide, and then precipitating silver from the solution as iodide 
by the Claudet process. After removal of the lead by means of zinc oxide and 
carbonic acid gas as described in another patent’ the residual solution of zine 
chloride is to be concentrated for recovery of that salt, or the zinc is to be pre- 


12 Among others, British Patents Nos. 4,039 and 9,503, of 1901. 
18 British Patent No. 253, Jan. 4, 1900. 
14 British Patent No. 710, Jan. 11, 1900. 
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cipitated therefrom as oxide. The residuum from the original lixiviation with 
hydrochloric acid is to be treated with hot water to dissolve out the lead chlo- 
ride therein, which may then be recovered as such, or as carbonate. The silver 
may be extracted by means of ammonium or sodium thiosulphate, and the residue 
then remaining may be roasted to convert undecomposed zinc sulphide into oxide 
for use in saturating the free acid in the original solution from the first ore 
treatment. In digesting the ore with hydrochloric acid, hydrogen sulphide is 
evolved which may be burned to sulphurous anhydride for the manufacture of 
sulphuric acid or from which sulphur may be recovered by the Claus method. 
A modification of this process consists in the treatment of only three-fourths of 
the ore with hydrochloric acid, the lead sulphide being more readily attacked than 
the zinc, and of roasting the remaining fourth into a crude zinc oxide which may 
be used for the purpose of saturating the free acid as before mentioned.’® 

Ellershausen.—F. Ellershausen took out a further patent’ on the process which 
has been experimented with upon a large scale at Angouléme in France and was 
referred to in Tur Mrnera Inpustry, Vol. IX., p. 688. 

Ferraris.—Erminio Ferraris patented a process for the treatment of mixed 
sulphide ore, wherein the ore 1s heated with concentrated sulphuric acid in a 
furnace, by which operation there are produced metallic sulphates, sulphurous 
acid, water and sulphur. The sulphur is burned and the whole of the sulphurous 
acid is then converted into sulphuric acid. The ore withdrawn from the fur- 
nace is leached with water to dissolve the soluble sulphates. From the solution, 
the copper and the iron present as ferric sulphate are precipitated by means of 
zine oxide. The iron present as ferrous sulphate is then precipitated by means 
of zine oxide and compressed air injected into the hot solution. Zine sulphate is 
to be recovered from the purified solution by boiling down. In order to obtain 
zinc oxide, for the recovery of metallic zinc, it is proposed to heat the zine sulphate 
with admixture of carbon.” 

Ganelin.—Solomon Ganelin, of Berlin, Germany, proposed to introduce zinc- 
lead compounds, in the form of oxides, into molten zine chloride and electrolyze 
for recovery of the metals.** 

Kellner.—Carl Kellner, of Vienna, Austria, patented the process of convert- 
ing the zinc compounds of roasted ore into sulphites, changing to sulphates by a 
suitable oxidizing agent, and adding to the solution an alkaline earth chloride, 
thereby precipitating the corresponding sulphate and affording a solution of zinc 
chloride from which the metal may be recovered.” 

Swinburne and Ashcroft.—The so-called Phcenix process, invented by James 
Swinburne and Edgar A. Ashcroft, was described by the latter in a paper read 
before the Institution of Mining and Metallurgy, London, June 19, 1901. It was 
stated that although the process has not yet been applied on a commercial scale, 
considerable quantities of ore have been treated by it and many tons of zinc and 
lead have been extracted. This process has previously been described in THE 


15 British Patent No. 2,089, Feb. 1, 1900. 

16 British Patent No. 483, Jar, 8, 1900; Journal of the Society of Chemical Industry, Jan. 31, 1901, p, 47. 
17 British Patent No. 12,349, June 17, 1901. 

18 British Patent No. 24,469, of 1899. 

19 United States Patent No. 690,295. 
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MINERAL INDustryY, especially Vol. IX., p. 692. The reactions involved in it are 
so novel and the problem of the electrolysis of molten zinc chloride has been 
worked out in so interesting a manner that it appears to be worth while to present 
a rather extended abstract of Mr. Ashcroft’s paper. 

_ As described by Mr. Ashcroft the principles which characterize the process are 
as follows :— 

I. Displacement of sulphur (or other elements) from combination with metals 
in the ore, by means of chlorine gas in the dry way. 

If. Substitution of one metal for another in a mixture of fused chlorides by 
precipitation with a metal, or by the fractional electrolysis of the mixed chlorides 
in a fused state. 

III. Separation of siliceous gangue from the final metallic chloride by settling 
and decantation, and washing the residue with water (or alternatively by distilla- 
tion of the chloride from the residue). 

IV. Purifying the chloride, boiling down the wash solutions, if any, and pre- 
paring the chloride for electrolysis. 

V. Electrolytic decomposition of the final chloride for the recovery of its 
metal and chlorine, the latter being recovered and collected under a suitable 
pressure. 

The decomposition of a sulphide ore by chlorine is represented by the following 
equation :— 

M+ Cl,=MCl1,+S. 
If the ore be an oxide, instead of a sulphide, the reaction is expressed as follows :— 
MO+ Cl,= MCl, + 0. 


These reactions are claimed by the inventors to be an original discovery. It 
has heretofore been supposed that when a metallic sulphide was treated with 
chlorine gas, both the corresponding metallic chloride and sulphur monochloride 
would be formed. This would occasion large losses of chlorine and involve other 
difficulties which would render the process economically impracticable. Messrs. 
Swinburne and Ashcroft claim to have proved, however, that the formation of 
sulphur monochloride takes place only at low temperatures, and instead of that 
product being a necessary result of the reaction between chlorine gas and the 
metallic sulphide, liquid sulphur monochloride can be employed for the decomposi- 
tion of such sulphides, in which case both the sulphur of the ore and that of 
the sulphur monochloride is recovered; in fact sulphur monochloride is only 
formed by the action of excess of chlorine on the liberated sulphur at low tem- 
peratures. ‘The critical temperature at which sulphur monochloride ceases to 
form when metallic sulphides are treated with chlorine gas is approximately 
600°C., which is also approximately the lowest temperature at which chlorine 
gas ceases to attack actively the sulphides. It attacks them slowly, however, at 
much lower temperatures. 

The method adopted by Messrs. Swinburne and Ashcroft for decomposing the 
ore is to employ a vessel of large size, called a converter, into which is introduced, 
at a suitable temperature, an emulsion of the sulphides under treatment with 
fused zine chloride. Chlorine gas is then injected at the bottom and ore is fed in 
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at the top, the resulting sulphur, which is vaporized at any temperature above 
450°C., being carried away into a condensing chamber or flue and there collected. 
Decomposition is rapid and complete, and the heat set free in the reaction main- 
tains the proper temperature. The addition of ore to the converter and the blow- 
ing in of chlorine gas is continued until the apparatus is full of fused chlorides 
in the molten state, in which the siliceous gangue remains suspended. The 
greater part of the contents of the converter is then tapped off through a hole, 
or decanted by tipping the converter; that which remains holds sufficient heat 
to enable the process to be resumed by blowing in more gas and putting in more 
ore. The process is completely under control, and inasmuch as the reaction is 
strongly exothermic the heat can be regulated, and maintained at the most 
suitable temperature, by altering the rate of working. It is possible by forcing 
the latter to distil off the chlorides from the converter. It is unnecessary to 
crush the ore very fine, comparatively large grains being readily acted upon. An 
apparatus of small size puts through an astonishing quantity of ore and works 
with great facility. The sulphur comes off as vapor which is easily condensed, 
and nothing escapes from the condensing chamber except such small quantities 
of impurities as may have been mixed with the chlorine gas in the first instance, 
and any sulphurous anhydride gas corresponding to sulphur burned by air acci- 
dentally admitted. The fused chlorides run from the converter more freely than 
the most fluid of slags. 

In the treatment of 1,000 kg. of ore, assaying 29% Pb, 26% Zn, 21% S, 
5% Fe, 2% Mn, 17% gangue, and 19 oz. silver per ton, there was consumed 
470 kg. of chlorine gas. The experiment lasted 12 hours. The average tem- 
perature was 650°C. Four pours were made. The condensed sulphur weighed 
100 kg.; the remainder of the sulphur in the ore was burned to sulphurous 
anhydride and escaped. The condensed sulphur was readily purified, associated 
chlorides being recovered by washing with water. If a little acid be present in 
the wash water, the sulphur assumes the brilliant yellow color of pure brimstone. 
All of the gangue and 92% of the chlorides remained in the converter; 8% of 
the chlorides (consisting mainly of iron and zinc chlorides) was carried away with 
escaping sulphur vapor and was found in the condenser. The quantity of fused 
chlorides obtained was 1,260 kg., which assayed as follows: 23% Pb, 21% Zn, 
4% Fe, 15% Mn, 37% Cl, 13°5% gangue, and 15°5 oz. silver per ton. This 
represented a conversion of the entire metallic contents of the ore into chlorides, 
except the iron and manganese contents of the siliceous gangue which remained 
as silicates. The fused chlorides were free from sulphur. 

The silver contained in the fused chlorides (and similarly gold if it be present) 
can be completely extracted by agitating the mixture with metallic lead, whereby 
rich bullion is produced which contains all the precious metals present. The 
reaction is said to be remarkably complete. If the chlorides contain antimony 
or copper, either lead or zinc may be used for their extraction. The copper is 
most easily obtained in alloy with excess of zinc as brass, owing to its high melt- 
ing point. Metallic lead is extracted from the chlorides by means of metallic 
zine, which operation consumes a considerable quantity of zinc, producing the 
equivalent of zinc chloride. The lead may be obtained quite free from zine by 
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performing the operation in two stages at a low temperature (approximately 
450°C.). Iron and manganese are removed from the converter mixture as oxides, 
either before or after the chlorides have been separated from the siliceous gangue, 
which is-done by settling and decantation, by solution of the residual chlorides 
in water, and finally boiling down the pure solution in a suitable apparatus. 
After the recovery of the silver and lead by means of metallic zinc as described 
above, the only foreign element in a mixture of chlorides of the character shown 
by the analysis previously quoted, which would interfere with the electrolysis of 
zinc chloride is iron, and that metal is readily oxidized to ferric oxide in the 
converter by the application of a blast of air at a certain stage of the converter 
process. The suspended ferric oxide is afterward removed with the gangue mat- 
ter. Manganese is quickly removed as dioxide by the same means, but inasmuch 
as it does not interfere in the electrolysis of fused zine chloride its complete 
removal is not important, and it is eliminated only to prevent undue accumulation 
in cyclic working. 

The following reactions are supposed to occur in removing iron and man- 
ganese :— 


4¥eCl, + 70, + 4ZnS = 2Fe,0, + 4ZnCl, + 480, 
MnCl, + 20, + ZnS = MnO, + ZnCl, + SO,. 


In order to separate the heavy siliceous matter and the iron and manganese 
oxides from the zinc chloride, the latter is allowed to stand long enough to permit 
the impurities to settle, after which various quantities of pure zinc chloride can 
be decanted off. The residue may be distilled in fire-clay retorts, and the zinc 
chloride (which volatilizes at 720°C.) be collected, but a more convenient prac- 
tice 1s thought to be washing the residue with water and boiling down the solu- 
tion of zinc chloride until fused. The latter is the method which has been 
adopted in the experimental work. 

The solutions are boiled down first in lead lined vessels, and finally in enam- 
eled iron pans, or in tank furnaces in which the solution is heated from above. 
In the boiling down process the chloride behaves much like caustic soda, froth- 
ing a little at the end and then settling down to tranquil fusion. Fused zine 
chloride, when free from lead and other chlorides and water, is readily handled 
and dealt with in iron pots and with iron tools, which it does not attack. At 
temperatures below 400°C. it is fluid and does not fume in the air. The de- 
hydration of the zine chloride and elimination of the last traces of iron, lead 
and other impurities, which would contaminate the spelter or interfere with the 
electro-deposition, is effected by means of a short preliminary electrolysis with a 
cheap form of carbon anode, which is destroyed by the oxygen liberated. .'This 
preliminary treatment is carried out in a special form of vat arranged for easy 
removal of carbons and easy cleaning out. It affords a zine chloride which is 
free from hydrogen, iron, and lead, and can be decomposed by electrolysis to the 
best advantage. The power consumed in this preliminary process need not ex- 
ceed 10% of that required for the final decomposition of the zinc chloride. The 
vats are left open to the air inasmuch as no chlorine is evolved until the treatment 
is complete. 
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The final electrolysis of the zinc chloride is effected in a circular steel tank, 
6 ft. in diameter, lined with 18 in. of ordinary Stourbridge fire brick, the inner 
courses of which are set in a special cement. The cathode in each tank is molten 
zine weighing about one ton. Connection with it is made by means of a heavy 
steel block buried in the brick work and provided with five screwed, copper, 
tubular rods through which the current enters from the outside and through 
which free circulation of air can take place to prevent overheating. ‘The anode 
consists of a removable cast-iron plate, lined on the under side with a special 
cement, from which hang 120 rods of hard carbon, 2°25 in. in diameter, in such 
a way that they are immersed about 6 in. in the electrolyte. It will be observed 
that zinc chloride is maintained in a molten condition by internal heating by 
the current. A vat of the above dimensions takes a current of from 3,000 to 
4,000 amperes with from 4 to 4°5 volts at the terminals and produces nearly a 
ton of zinc per week. 

The current efficiency of the process, after the preliminary electrolysis, is 
about 95%, which allows for all leakage, etc. The pressure efficiency is, however, 
much lower. The theoretical electromotive force required for the decomposition 
for zine chloride is 2°2 volts. The normal working electromotive force is about 
double that. By especially coating the vat of the dimensions specified above and 
conserving the heat, it is possible to work at 2,500 amperes, at which low current 
density, when the same gap is preserved between the carbons and the zinc, the 
pressure will fall to 3°5 volts. Asheroft considers that with large units (say 
10,000 amperes) a working pressure of three volts or even less might be obtained, 
inasmuch as the heat is more easily conserved in a large than in a small apparatus. 
In the latter case the watt efficiency would be 69°7%; or 60% after making 
allowance for the preliminary electrolysis. In the experimental work so far an 
electromotive force of four volts has been employed and the watt efficiency has been 
only 40%. : 

The molten zinc is tapped directly into molds, by removing a carbon plug, 
and fresh zinc chloride is poured into the vat by means of a crane and a tipping- 
ladle. The labor required for attendance to the vats is comparatively small, 
the difficulties accompanying the collection of the zinc in solid form and remelt- 
ing it when a solution is decomposed being entirely obviated. The brick lining 
of the vats is not attacked; at least no injury was manifest after nine months’ 
working. The carbon anodes last six months at least; when the preliminary 
treatment is properly carried out the action of pure zine chloride on them 
appears to be nil, and since the anodes have seldom to be removed accidental 
breakages are not heavy. The quality of the spelter produced depends almost 
entirely upon the care taken in purifying the chloride. It appears to be not at 
all difficult to produce a product assaying 99°83% Zn, 0°15% Pb and 0°02% Fe. 

The chlorine gas escaping from the electrolytic vats is drawn off into a holder 
by means of a small ebonite coated fan and motor. The vats are carefully 
closed to prevent as much as possible any dilution of the chlorine by air. The 
necessary holes through the cover are sealed by means of an earthenware tube, 
dipping into the molten chloride. The temperature of working is between 425 
and 525°C., and should not vary beyond those limits for the best results. It is 


682 THE MINERAL INDUSTRY. 


found advantageous to the electrical conductivity to have sodium chloride, cal- 
cium chloride, ete., in admixture with the zine chloride to the extent that the 
electrolyte will assay not more than 28% Zn, against 485% Zn for pure zine 
chloride. These foreign chlorides are not decomposed in the presence of zine 
chloride, and therefore do not require renewal. 

The chlorine gas drawn from the holder is dried by causing it to pass through 
a tower packed with zinc chloride. For convenience in storage it is then liquefied. 
The handling of this gas was at first a troublesome problem, but it is claimed 
that satisfactory apparatus has now been devised. The gas is blown into the 
converter under a pressure of 50 lb. per sq. in. 

Mr. Ashcroft estimates that an ore assaying 20% Pb, 20% Zn, 8% Fe + Mn, 
18% S and 34% siliceous gangue, together with 12 oz. silver per ton (1,000 kg.) 
will yield 100% of its lead, zine and silver and 55°5% of its sulphur. He 
estimates the cost of treatment per 1,000 kg. at £1 10s., not including power, 
but including repairs and renewals, administration and general expense, and 
interest and depreciation (reckoned at 10% of cost of plant); also replacement 
of zinc chloride lost in the process, which is estimated at 5%. With power costing 
£4 per H.H.P. per annum (a rate that is obtainable in the utilization of certain 
water powers) the cost per ton of ore would be 13s.; making the total cost of 
treatment £2 3s. = $10-50 per 1,000 kg. = $9°50 per 2,000 Ib. A plant for the 
application of this process upon a manufacturing scale is to be erected at Weston 
Point, England. 

Twyman.—T. 'Twyman, of Moortown, England, proposed to mix finely ground 
ore with a suitable proportion of zine chloride and heat to just about, or a little 
below, visible red heat, with exclusion of air. Lead sulphide is thus converted 
into chloride, which can be leached from the ore, leaving all the zinc behind as 
sulphide. The residuum containing the zinc sulphide may be treated as a zine 
ore in the ordinary manner; or it may be roasted to sulphate and oxide, and the 
sulphate having been dissolved out may be employed for precipitation of the 
lead from the chloride solution as sulphate, thus regenerating zinc chloride. As 
an alternative the mixture of sulphate and oxide of zine may be used to precipi- 
tate a mixture of sulphate and oxide of lead.?° . 

Worsey—J. W. Worsey, of St. Helens, England, patented a process wherein 
mixed sulphide ore is roasted so as to contain between 8 and 16% S. The ore 
is then ground and mixed with about 2% of sodium nitrate and sufficient dilute 
sulphuric acid to combine with all the zine present. The mixture is then heated 
in a water-tight vessel whence the fumes are carried off to a sulphuric acid 
chamber, more nitrate being added if necessary. The residue is roasted in a 
muffle furnace, with or without an oxidizing agent, and the soluble sulphates are 
then dissolved out with water containing sodium sulphate. The clear solution 
is precipitated with milk of lime, and the precipitate is heated in the presence 
of air in a furnace, the zine being volatilized and collected in the form of oxide. 
The oxidizing agent to be added to the charge in the furnace during the roast- 
ing, in order to oxidize ferrous iron, is sodium nitrate, with or without lime.?! 


20 British Patent No. 14,983, Aug. 22, 1900. 
2) British Patent No. 3,668, Feb. 24, 1900; United States Patent No. 678,210, July 9, 1901. 
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ANALYTICAL MrtHops.—Some of the new analytical methods for the deter- 
mination of zine and cadmium, that were described in 1901, are briefly abstracted 
as follows:— 

Ferrocyanide Method—Dr. A. C. Langmuir stated at a meeting of the New 
York Section of the American Chemical Society, March 8, 1901, that he had 
found uranium acetate to be an unreliable indicator in the presence of small 
quantities of hydrochloric acid, a 3 or 4% solution of uranium nitrate being 
preferable. This recommendation is supported by the experience of other 
chemists.?? 

Precipitation of Zinc Hydroxide by means of Dimethylamine——W. Herz has 
shown that the reaction between ammonia and zinc sulphate is incomplete, owing 
to the fact that the basicity of the ammonia is weakened by formation of am- 
monium sulphate. The stronger bases, methylamine and dimethylamine, precipi- 
tate the whole of the zinc in the form of hydroxide. The precipitated zine 
hydroxide is soluble in excess of methylamine, but not so in the case of dimeth- 
ylamine. The latter can be used therefore for the determination of zinc, and 
can afterward be recovered from the filtrate by making the latter alkaline and 
distilling.?* 

Titration with Sodium Thiosulphate——P. Knaps described a method for the 
determination of zinc by means of iodine solution. Zinc sulphide, in the acetic 
acid solution in which it is ordinarily precipitated, is converted by iodine into 
zine iodide and sulphur. If, however, more than 0°05 g. of zine sulphide to 
200 c.c. of water be present, the separated sulphur protects particles of it from 
the action of the iodine. This can be prevented by forming a precipitate, such 
as barium sulphate, in the liquid prior to the introduction of the hydrogen sul- 
phide. Thus, from 10 to 20 c.c. of a solution of 150 g. of barium chloride in a 
liter, and the same quantity of sodium sulphate solution (200 g. per liter), 
are introduced, the zinc precipitated, and the excess of hydrogen sulphide re- 
moved by boiling. An excess of standard iodine solution is then added, the 
liquid is shaken for one or two minutes, and the excess of iodine is titrated 
with standard sodium thiosulphate solution. Ammonium salts do not interfere, 
and the results are accurate even in the presence of considerable quantities 
of manganese salts.** 

Determination of Zinc as Phosphate-—P. H. Walker described a method for 
the volumetric determination of zinc which is a modification of that devised 
by Stolba for the determination of magnesium. ‘To the zine solution, which 
should contain ammonium chloride, a large excess of ammonia is added, followed 
by a large excess of sodium phosphate solution. Hydrochloric acid is then 
gradually added until, after stirring, the solution remains milky. It should 
then be heated to about 75°C., and the gradual addition of acid continued, with 
constant stirring, until nearly complete neutralization is attained. By this 
means the precipitate becomes crystalline; after standing five minutes it should 
be filtered off and washed with cold water until the washings show only a faint 


22 Vide Tue MINERAL InpusTRY, IX., 675. 
23 Zeitschrift fuer Anorganische Chemie, XXVI., pp. 90-93; Chemische Centraiblatt, I, vii., 368. 
24 Chemiker Zeitung, XXV., 539-540. 
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trace of chlorine. The filter paper and precipitate are then returned to the 
beaker in which the precipitation was carried out, an excess of standard acid is 
added, and the exact point of neutrality is determined by means of standard 
alkali, using methyl orange as indicator. The reaction which takes place is 
represented by the following equation :— 


ZnNH,PO, + H,S8O, = ZnSO, + NH,H,PO,. 


Calculation from the above equation shows that 1 ¢.c. of normal acid corre- 
sponds with 32°7 mg. of zine. 

The method gives good results. Since the zinc ammonium phosphate is not 
precipitated in presence of a large excess of ammonia, any magnesium present, 
which will be precipitated, may be removed by filtration, and the filtrate neutral- 
ized to throw down the zinc. Fairly good results are obtained by this method 
also in the presence of iron, calcium, and magnesium, but any manganese must 
be previously separated, best by means of nitric acid and potassium chlorate. 

Analysis of Spelter—The following short method was described by Dr..A. €: 
Langmuir, in a paper read before the New York Section of the American Chem- 
ical Society, March 8, 1901: Cover the sample with water, add a few drops of 
platinum chloride, and then sufficient sulphuric acid to start a moderate rate 
of solution. After the zinc has dissolved, filter off the lead. dissolve the latter 
on the filter with nitric acid and convert to sulphate as usual. The solution of 
zinc may then be at once titrated for iron with permanganate solution, after 
which cadmium may be precipitated with hydrogen sulphide. 

Estimation of Cadmium.—k. H. Miller and R. W. Page have recently investi- 
gated several methods for the quantitative determination of cadmium.2® They 
found the electrolytic method to be very accurate if a large excess of potassium 
cyanide and the presence of other salts be avoided. The carbonate method is 
the most troublesome and the least accurate. A very accurate method is the 
precipitation of cadmium from a neutral solution (cold) by a large excess of 
di-ammonium hydrogen phosphate and either weighing the precipitate as 
CdNH,PO,,H,0 on a tared filter (after drying at 100 to 103°C.), or dissolving 
it in dilute nitric acid and igniting to pyrophosphate. 


THE CERMAK-SPIREK FuRNACE FoR CALCINING AND Roastine ZInc ORES. 


By VINCENT SPIREK. 


Tis furnace was built for the Crown Spelter Co., Ponte di Nossa, Bergamo, 
Italy, and has been in successful operation since July, 1901. The furnace is of 
the Cermak-Spirek type having a capacity of from 10 to 12 tons per day. A 
thorough preheating of the flames is effected in the lower part, the flames enter- 
ing by two openings (shown in Fig. 1) which are independent and can be con- 
trolled to suit the character of the material to be roasted, whether smithsonite or 
zine blende. As will be seen from the drawings, the furnace is square in out- 
line and rests upon bedplates supported by T rails. In the bedplates are 
gates through which the roasted ore may be discharged by means of the device 


_— 


25 Journal of the American Chemical Society, XXTIII., vii., 468-470. 
26 School of Mines Quarterly, 1901, XXII., iv,, 391-808. 
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shown in Figs. 2 and 3. The interior of the furnace is filled with sets of trans- 
verse tiles of V shape, the apex upward, and staggered so that the apex of each 
tile comes opposite the space between the edges of the two tiles in the layer 
next above. The ore rests upon the sides of these tiles, and gradually works 
down as the roasted material is withdrawn. The flames pass from the hearth 
into the channel LZ III., Fig. 2, which is also connected with the air entrances, 
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and from this point they are drawn longitudinally through the tile passages 
back and forth from tier to tier until they reach the outlet at the top of the 
furnace. For the calcining process a high temperature (1,100°C.) and a thor- 
ough roast are necessary, hence the full area of the openings are taken up by 
the flames. By providing two separate entrances for the flames it is possible 
to effect a thorough roasting of mixed ores that are to undergo a subsequent 
magnetic concentration by using the upper flame alone. The required amount 
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of fine coal can then be introduced by means of long shovels and the material 
be brought to the lower part of the furnace where after closing the air entrance 
it is subjected to the reducing action of carbon monoxide by which the ferric 
oxide formed during the first operation is reduced to magnetic oxide. During 
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the second or reducing stage the upper flame entrance should be closed. The 
gases pass through the- four channels and may be used to heat the descending 
ore. At Ponte di Nossa this is effected by conducting the gases through hori- 
zontal covered channels before entering the chimney. The results of a four- 
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months’ run of this furnace have been published by Ernesto Zay and Arthur T. 
Francis in the Resoconti della Associazone Mineraria Sarda, 1901, Vol. VI. 
The amount of smithsonite treated was 1,145 tons for which 97°5 tons of coail 
were required or 85% of the ore. The furnace was handled by three men 
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working in 8-hour shifts and two boys. The total costs amounted to 5°51 fr. 
per ton of ore. During December, 1901, the furnace was used for roasting zine 
blende, but the results are not available for publication at this time. Dimen- 
sioned illustrations of ‘the original form of this furnace will be found in 
Tue Minerat Inpustry, Vol. VI, p. 572. 
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MINING AND MILLING IN THE JopLIN District, MIssourl. 


By FRANK NICHOLSON. 


THE depths of shafts in the Joplin district range from 312 ft., the deepest, 
down to a few feet only; the average depth of the working mines being about 
130 ft. The general tendency during the past two years has been toward a greater 
depth and there are more mines operated below the 150-ft. level to-day than ever 
before. The mines do not become richer with depth nor is there any appreciable 
falling off in the values; it is quite noticeable, however, that at increased depth, 
the iron pyrite gives out and the resulting zine concentrates are of higher grade 
than those produced from the upper levels of the same property. At the present 
time the total number of shafts in the district, including those abandoned, runs 
well up into the thousands. Of these there are probably 750 being operated. 


MINING. 


There has been a definite decrease in the cost of mining ore since the year 
1899, and while the cost of supplies and labor is practically unchanged, there has 
been a steady improvement in methods and more attention has been given to 
economic handling. The general character of the work also has improved; the 
timbering is more substantial and more accurately placed with reference to the 
stress to be withstood, faces are usually carried larger where due regard to safety 
will permit and the general administrative talent is more efficient. It is rare at 
the present time to see a property where the total charge for mining and milling 
exceeds $1 per ton of mine-dirt, yet it was not infrequent three years ago to find 
the working charges as high as $2 and even $3 per ton of mine-dirt handled. 

The total production of the district for the past three years is given in the 
subjoined table as follows :— 


Zine Ore. Lead Ore. 


Lb. Lb. 
511,657,470 48,212,720 
484,660,410 59,013.390 
516,612,270 70,580,450 


These figures show that while the production of zine ore for the year 1901 
was slightly in excess of 1899 and considerably in excess of 1900, the increase 
was practically unimportant and not at all in accordance with what naturally 
might have been expected. While a number of new properties are being developed 
from time to time, others are being exhausted and abandoned. Some of the best 
producers in the list of 1899 are now making no “turn-ins”; and in other cases 
the production has fallen off to insignificant figures. These results are partially 
accounted for by the fact that the year 1899 was one of phenomenally high prices, 
averaging for the whole year above $40, while since then the average price has 
been about $25 a ton. Prospecting in 1899 was stimulated and many properties 
were worked at an actual loss, even with the high prices then ruling. At the 
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present time the industry is on a safer and more substantial basis and it seems 
reasonable to look for a steady improvement in the future. No sensational in- 
crease in production however can be expected until there is another meteoric rise 
in price which will permit the profitable operation of lower grade ore bodies. 

An important change in the methods of mining has been the increased use of 
machine drills. In 1899 few mines outside of the blanket-vein district of Pros- 
perity used air drills; while at present they are used in most of the hard 
ground properties, and on one 80-acre tract near Carterville 20 machines are in 
uperation. 

The drainage of the mines has become less and less burdensome as the under- 
ground reservoirs have become gradually emptied. In fact, as will be mentioned 
later in this article, there is good reason to believe that within the next five or ten 
years the mines will not furnish sufficient water for use in the concentration of the 
ore ; in some respects, however, this condition has its advantages, as it will enable 
the miners to operate the deeper levels. In the early days of Joplin, the Cornish 
pump, locally known as the “walking beam,” was practically the only one to be 
seen. It cost little to erect a pumping plant of this type, its maintenance was less 
than that of any other type, and but little technical skill was required. Later 
the steam pump was introduced and for all emergency purposes it is without doubi 
superior to the Cornish pump. Still later, when the mines were opened up and 
the average flow of water ascertained, it was found that no other pump could com- 
pete with one of the Cornish type in the cost of maintenance and regularity of 
action. Its superiority is not only shown in the developed mine, however, but 
even in sinking, unless the flow of water should fluctuate excessively. Even in 
this case the Cornish pump for ordinary work, with a good sinking pump in re- 
serve, is to be preferred to the steam pump alone. 

With regard to the geology of the Joplin district, but few papers of real merit 
have appeared among the many written. A continued study of the district and 
an examination of a large number of surveys of the underground workings con- 
firm me in my belief, as expressed in 1899, that these deposits are all of the 
cavern type. They are more or less irregular and approximate in shape the lime- 
stone caverns of other districts; the only difference being that they have been 
filled with zine and lead sulphides which have cemented together the fragmental 
masses of flint which have fallen into the caverns after the limestone had been 
dissolved and removed by water carrying carbonic acid. It seems reasonable to 
believe that all the ore was originally deposited as sulphide, though evidence is 
at hand not only of the oxidation of the sulphide to carbonate and silicate, but 
of the reverse of this process on a small scale; that is, the solution of the oxidized 
forms as sulphate and their redeposition as sulphide by means of the hydrogen 
sulphide resulting from the decay of organic matter. It not infrequently hap- 
pens that pick handles are found in the old workings encrusted with small crystals 
of zinc sulphide (jack). This is pointed to triumphantly by the tyros as evi- 
dence that all the. ore in this district was derived originally from the oxidized 
forms, while as a matter of fact it does not prove it, but simply indicates that 
the process is possible, 
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MILLING. 


The year 1899 was the culmination of one of the periodic booms that have 
visited the Joplin district from time to time. Ore prices soared from $28°40 a 
ton in January to $55 a ton in April. The result of this fluctuation in price 
was that the more enthusiastic and visionary among the operators and promoters 
threw discretion to the winds and even the most conservative found it difficult 
to retain their equipoise in the midst of the rush for properties and the astound- 
ing prices paid for lands that had hitherto lacked tenants at any price. New 
10-year leases were executed and sold at surprising figures for cash. The natural 
result of this state of things was that many mills were erected on leases that did 
not justify the expenditure, and, as a consequence, the traffic in second-hand 
mills during the past two years has been vigorous. 

A careful enumeration of the mills in June, 1901, showed 527 concentrating 
plants with an average capacity of 100 tons each per 10-hour shift. Of these 
mills, 300 were running with more or less regularity; while the others were idle, 
the ground on which they were located being barren of workable bodies of zinc ore 
or unable to pay expenses at the existing low price for ore. A large number of 
second-hand mills came into the market and the ruling price for a standard 
100-ton mill dropped to $2,000. Many mills of inferior construction were sold 
at even lower prices, some selling as low as $750. A very large number of mills 
have been moved from non-paying properties to others of more promise, and at 
the present time it is unusual in this district to erect an entirely new mill. 
Second-hand plants are torn down, moved and re-erected at a cost of from $1,000 
to $2,500 each, depending upon the size of the mill, length of haul and the weight 
and character of the machinery. Under this condition the total cost of a new 
mill is about $5,000, while if ordered direct from the foundry, the contract price 
would be not less than from $7,000 to $8,000. , 

Few innovations have been attempted in mill building during the last three 
years. The most interesting of these is the large brick mill and central power 
plant erected on the Missouri Zine Fields’ property by the Franklin Engineering 
Co., of New York. The power plant is equipped with the engines of the Corliss 
type and generators built by the General Electric Co. The mill machinery is fur- 
nished by the E. P. Allis Co., of Milwaukee. The jigs are located on the second 
floor of the building, and the jig cells vary from the ordinary Joplin type in 
being shorter in the direction of the flow of the tailings and of excessive width. 
This mill had to be entirely revamped and was made practically of the Joplin 
type before it would do the work satisfactorily. After being altered it was able 
to treat 70 tons of mine-dirt a shift. The mill cost approximately $46,000, while 
the best Joplin mill can be erected for about $8,000. The Joplin type will treat 
125 tons of mine-dirt per 10-hour shift and makes a fairly clean tailings. At 
present the mill has been idle for more than a year, and it will probably never 
be operated by the company. The Franklin Engineering Co. also designed the 
Devonshire mill which recently burned. This mill cost about $12,000 and like 
the Missouri Zine Fields’ mill it had to be changed to the ordinary type before 
it would successfully handle the ores of this district. 
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As emphasized in a previous paper, the treatment of Joplin ores has been 
evolved by long and patient effort. Almost every conceivable device has been 
tried and the good features of each retained, while those devices proving unsatis- 
tactory have been discarded. It has been a natural evolution and the present 
standard mill, while leaving from 1 to 15% and even higher values in the tailings, 

is distinctly superior to any other type of concentrating plant for the special work 
to be done. 

During 1901 a new type of jig, known as the “New Century Quick Drop Jig,” 
has bac invented and tested very successfully at Joplin, producing high grade 
concentrates and clean tailings on almost every sample treated. The plunger of 
the ordinary jig is actuated by an eccentric which gives it a uniform motion from 
one end of the stroke to the other, while the new jig is actuated by a spiral cam 
giving a uniform motion to the upward movement of the plunger and a sudden 
quick movement to the downward stroke (see Figs. 1 and 2). The results 
obtained in exhibition tests with this jig have been surprisingly good. There is 
no mill in the district, as far as is known to me, that is equipped with these jigs, 
the Cooley type being generally employed. 

Further progress has been made in the separation of iron pyrite from zinc 
blende, and two plants are working along the same general lines, although using 
different devices. Both give the concentrates to be treated a short, hot roast which 
changes the pyrite to ferric oxide and affects the zinc ore but slightly. The 
roasted concentrates are cooled and passed over an electric separating machine 
which takes out the iron oxide. One plant is in operation near Joplin and the 
other at Webb City. Both accomplish a clean separation at a cost of about 
$2 per ton of concentrates treated. 

There has been a general increase in the steam plants erected during the past 
year. Three years ago it was rather unusual to find mills with more than one 
boiler, and at the present time nearly all of the newer mills are equipped with 
two 80-H.P. boilers, which enables them to run more CM lh than hereto- 
fore. 

Another variation in practice which has resulted from the extra grate surface 
is that many mills burn either mill-run coal or slack, while formerly mine-run 
coal was almost invariably burned. The Joplin district is especially favored in the 
matter of fuel, as the eastern tier of counties in Kansas, adjoining this district, 
produces a large amount of coal which is sold at the pit’s mouth at prices ranging 
from 50c. per ton for slack to $1°50 for mine-run. 

The average freight rate throughout the district is 60c. a ton. The average 
fuel consumption is 2°5 tons per shift per mill of mine-run coal and about 3°5 
tons of slack. The fuel cost per shift therefore ranges from $3°85 for slack to 
$5°25 for mine-run. In some cases a small amount of cord wood is burned in 
connection with the slack. 

In former years the ground being but partially drained, large quantities of 
water were available in almost every section where milling operations were 
carried on. As the mining progressed and the number of pumps multiplied the 
ground became gradually drained and now one of the most serious questions to 
be met is that of securing sufficient water for washing purposes. On the average 
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to treat the mine-dirt of this district under the system now in vogue ten times 
the weight of water is required, , 
Nearly all of the mills have settling ponds and use the water repeatedly, the 
only loss being that resulting from seepage, evaporation and moisture remaining 
in ‘the tailings, which averages in all 20% of the total amount used; in other 
words, a 100-ton mill requires an additional 200 tons of water added to its supply 


Portions cut away to illustrate the details of construction. 


Fig. 1.—THr NEw CENTURY JIG. 


ponds each day. In many cases water is being purchased by the plants at the 
rate of from 8 to 10c. per 1,000 gal., and the City water works and a number 
of private firms do a lucrative business in this field. It is the opinion of many 
operators that within the next five years the water question will have become 
vital, and most of the plants will have to purchase their water supply. It is the 
invariable rule in every section of this district that as mining proceeds the under- 
ground reservoirs are gradually drained and the pumping difficulties diminished. 

From time to time a number of mills have been built in the Joplin district 


~ 
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with capacities ranging from 200 to:300 tons. These, however, have in all cases 
been less successful than the standard 100-ton mill. 

Manganese steel roll-shells have been tried in this district with excellent results ; 
but are not however used extensively for the reason that on ordinary ores they tend 
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Cross section illustrating the drop-motion plunger’s mechanism and ore bed draw-off. 
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to wear as smooth as glass. One set of these shells at Aurora have worn more 
than a year and are still in good condition, having crushed approximately 30,000 
tons of mine-rock. ‘The most popular shell and the one in general use is of chilled 
iron made by a local foundry. These shells wear on the average about three 
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months, and as they cost about one-fifth as much per pound as the manganese 
steel sheels, they are generally preferred by the operators. 

In a district like Joplin there is naturaily a large number of mine superin- 
tendents, who, as a rule, are not engineers, nor even men of the highest grade 
of intelligence. Most of these men have come from the East, where they have 
hitherto followed some other calling not in any way identified with mining, and 
when they reach Joplin they have everything to learn. Fortunately, there is a 
supply of thoroughly competent ground men to be had in this district, who have 
worked in the mines all their lives and have frequently operated leases on their 
own account and are endowed with a skill and shrewdness which render them 
very valuable as mine and mill foremen. The native Missourian is a good worker 
and a shrewd bargainer, frequently over-shrewd, and it not infrequently happens 
that a superintendent without any experience whatever is enabled to operate a 
mine successfully with the help of one of these capable natives. However, in this 
as in all other departments of industrial effort. technical knowledge and skill 
are coming to be more and more appreciated. The mine superintendent of the 
future will be a technical graduate and this will have its beneficial effect in the 
future development of the district. 


PROGRESS IN PYRITIC SMELTING DURING rogo1. 


By FRANKLIN R. CARPENTER. 


THE most important application of pyritic smelting during 1901 has been made 
by Herbert Lang to the smelting of arsenopyrite ores of the Blue Dick mine, at 
Prescott, Ariz. These ores consist essentially of a mixture of quartz and mis- 
pickel, associated with small quantities of iron pyrite, galena, chalcopyrite, tetra- 
hedrite, barite, and spathic iron. The ores are sorted so as to contain about 
45% SiO,, and 17% each of Fe, As, and S, the balance being Pb, Cu, CO,, 
etc., and to the mixture is added about one-half its weight in limestone. The 
slags were made very siliceous to insure the complete decomposition of the arseno- 
pyrite and the volatilization of the arsenic, thereby avoiding the formation of 
speiss, which would otherwise occur. The smelting was done in a small furnace 
of peculiar construction, covered by patents which, however, is not essential to 
the process. Equally good results could doubtless have been obtained in an ordi- 
nary furnace. The slag was of the following composition: S$10,, 40 to 45%; 
FeO, 24 to 27% ; CaO, 20 to 24%, S, etc., to balance. Nearly 90% of the iron was 
oxidized and slagged, 94% of the sulphur was carried off with the furnace gases 
or passed into the slag, and the whole of the arsenic was volatilized. The furnace 
was 3 ft. in diameter, and treated more than 50 tons of ore per day, using a 
light and cold blast. Mr. Lang is of the opinion that under proper conditions 
with a hot blast the capacity could be increased to 100 tons or more per day. 

A plant has been erected at Rapid City, 8. D., under the supervision of Theodor 
Knutzen, to smelt the siliceous ores of that section, which are similar to those 
smelted first at the Deadwood & Delaware plant, at Deadwood, 8S. D., and later 
by the Golden Reward Co., as described in THE Minera Inpustry, Vol. IX. 
The Rapid City plan differs from the one at Deadwood, as it will use a heated 
blast, and limestone for flux instead of dolomite. 

B. F. Morley has rebuilt the old Buena Vista plant, at Buena Vista, Colo., 
and is very successful in treating the siliceous gold ores of the Mary Murphy 
mine. The furnace is 834X120 in. in section at the tuyeres, and the blast is pro- 
duced by a large Green blower. The ores average SiO, 55%, CaO 4%, Cu 0:1 to 
05%, Fe 4%, MnO 3%, Al,O, 5%, Zn 8%, Pb 1 to 3%, S 8%, and are smelted 
with iron pyrite from the Leadville district, carrying an excess of about 38% Fe, 
and from 0°2 to 0°5% Cu. To the charge is added limestone, so the resulting 
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slag consists of SiO, 41%, Fe 18%, CaO 18%, with Al,O,, Zn, MnO, etc., to 
balance. 

At Keswick, Cal., the pyritic process has been used to smelt the heavy chalco- 
pyrite ores of that section, and while very promising, it has not yet been wholly 
successful. The first plant for the treatment of these ores by the pyritic process 
was built a few years ago by Herbert Lang, with the intention to smelt the ores 
raw, using a blast heated by the molten slag. Later the ordinary German process 
of roasting and subsequent matting was used, which offered no difficulties metal- 
lurgically, but proved unsuccessful financially. There was a change of superin- 
tendents, and a return was had to raw smelting, this time heating the blast by the 
ordinary U-pipe stove. During the prevalence of high prices for copper, the 
raw smelting process at Keswick was claimed to have been successful, both 
financially and metallurgically, and the grade of matte made was as high as that 
produced by previously heap-roasting the ores. Seven large furnaces, each with 
its own hot-air stove, were erected but for some reason a return was recently 
made to a preliminary heap-roasting of at least a part of the ore charge, showing 
that while raw smelting may be theoretically correct, the mechanical difficulties 
of the process are often well nigh insurmountable. Through the courtesy of 
D. H. Conolly the following notes have been communicated of a run of 168 
hours upon the No. 4 furnace at Keskick, Cal. :— 


DAILY RECORD OF 168-HOUR RUN AT NO. 4 FURNACE, AT KESWICK, CAL., 
DECEMBER 21 TO 28, 1901. 


Copper Contents of 


€ Prac 
Crude Ore. | Raw Matte.| Porphyry. Limestone. | Slag. Matte Produced. 


Night. 


Tons. : Ss. Tons. 

; 83°4 
ble7 
58°2 
63°6 
66-0 
72°9 
56:1 


14°8 


: Average. 
1,276°5 ; : 416°7 |°35- 18°7 | 19°5 


Total burden 2,146 tons. Coke used 35 tons. 


The blast was heated to 600°F., and the total cost (for furnace work and fuel— 
excluding office expenses, power, and cost of flux) was, for the entire run 
$1,487°50, detailed as follows :— 

Sh HONS COKOs. oie aka Ca iieeE soem ce Guienee iene $13-00 $455-00 

75 cords wood for heating blast.. . 3°50 262°50 

Labor, seven days 110-00 770° 00 
$1,487°50 

These costs per ton of burden are :— 

CORES aetna nies conceals eiosieutos sate tes eee ete $0°21 


Heating blast 0°12 
Labor : 


The amount of coke used was 1°5% of the total burden, or 2°5% of ore and 
matte charged. 
Tn analyzing the above report it must be remembered that the ores are mixtures 
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cf massive pyrite, and chalcopyrite, yielding a low content of copper, and that 
silica in the form of “porphyry” is added to slag the iron in the charge, a case 
which is the reverse of that at Buena Vista, where pyrite is added to the charge. 

At Golden, Colo., I recently erected a plant for the treatment of the siliceous 
ores of Gilpin County, and as these ores are the typical iron sulphide of ordinary 
fissure veins, a full description may not be out of place. The ores consist of the 
altered granitic country rock, and iron pyrite, carrying small amounts of copper, 
gold and silver. At the mine they average 50% SiO, and 6% Al,O,; the re- 
mainder being considered as essentially iron sulphide. These ores resemble 
those at Butte, Mont., except that the principal value is gold instead of copper. 
The usual treatment of ores of this character is to mill and amalgamate them for 
the gold, and subsequently concentrate the sulphurets, which are sold to the 
smelters. More recently amalgamation has been omitted at many mills, the ore 
being concentrated by jigs, or upon tables, and the resulting concentrates sold,— 
a treatment which is similar in all respects to that used at Butte upon copper 
ores. Owing to the losses inherent in water concentration, I proposed to smelt 
these ores direct as they came from the mine. 

The recently completed plant is equipped with boilers, engines, pumps, 
dynamos, ore bins, etc. The furnace is 3X16 ft. in section at the tuyeres, and 
has a 13-in. bosh in 5 ft. height, above which the walls extend vertically to the 
op of the shaft. The distance from the furnace floor to the feed floor is 22°5 ft. 
There are 16 tuyeres upon each side of the furnace, bushed down to 3-1n. open- 
ings. A No. 8 Connersville blower is used, which displaces 100 cu. ft. of air 
at each revolution, and is usually driven at 125 revolutions per minute. The 
stove is of the ordinary U-pipe style, consisting of 60 pipes, each 12-5 ft. in length, 
and 8 in. in diameter. T'welve tons of cheap lignite coal are consumed in 24 
hours, and 12,500 cu. ft. of air is heated to a temperature of about 700°F. 

The charge consists of 1,000 parts of siliceous pyrite, 600 parts of limestone, 
200 parts of clean pyrite, and 180 parts of coke of very poor quality. Under 
favorable conditions, 300 tons of this charge are smelted in 24 hours. Limestone 
has been almost excluded at times, and the quantity of coke much diminished, 
pyrite being substituted for it, but the results were not satisfactory. The furnace 
is tapped from the end, and is probably the longest furnace in the world so 
tapped. The molten contents flow into a cast-iron forehearth, 4X6X2°5 ft. deep 
placed on wheels, and the best results are obtained when the silica in the slag 
is kept between 40 and 45%, which is maintained by increasing or diminishing 
the quantity of clean pyrite used, to conform with the increase or decrease of 
silica in the ore. The matte is very low in copper, seldom exceeding 8%, and 
sometimes falling as low as 2%, yet the slags are exceptionally clean, and it is 
well to note that this result is, apparently, not dependent upon the percentage of 
copper present. The plant has now been running’ a sufficient time to know that 
it can more than compete with the older processes heretofore employed upon these 
ores. 

There ig much misunderstanding current regarding the pyritic process, which 
is kept up especially by those who have “patented” schemes for disposal. It cannot 
be too strongly urged that, while some of the patented devices may be of value, 
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there are no essential patents to deter any one from using the pyritic process. It 

is also well to remember that, while there have been brilliant successes, the greater 

number of pyritic plants have failed. Those which formerly existed at Boulder and 

Toston, Mont., and at Leadville, Kokomo, and Ward, Colo., have all, from one 
cause or other, ceased to run. The large plant at Florence, Colo., has not come up’ 
to expectations. 

The cases in which the process is most successful are those that approximate 
the pyritic smelting as described by Dr. John Percy, in which pyrite is added 
simply as a carrier or collector for precious metals. When pyrite is added for 
any other purpose, 1.e., for a fuel or a flux, it is liable to melt and run away from 
the charge, leaving the siliceous contents unfluxed, which results in a frozen fur- 
nace. This was probably the difficulty at Keswick, Leadville, and other places 
where the smelting of pyrite ores with little or no carbonaceous fuel has been 
attempted. The necessary amount of heat-producing constituents is undoubtedly 
present, if it would only burn, but pyrite is treacherous, and is liable to run 
away at the first application of heat. At Prescott, Ariz., and at Golden, Colo., the 
pyrite is so intermixed with quartz that it is held until it is oxidized. I have 
smelted many thousand tons of Butte copper ores at the Deadwood plant, and 
have no hesitancy in stating that the whole of the concentrating and roasting 
machinery employed around the Montana smelting works is unnecessary, pro- 
vided the process of pyritic smelting is employed that was first developed at 
Deadwood, 8S. D. While the ideas there used were in the main derived from 
European practice, the process was so far modified as to deserve to be known as 


a distinctively American method of smelting. Many previous attempts had been 
made to smelt in large blast furnaces a charge consisting of silica, limestone and 
pyrite, but without success until it was accomplished at Deadwood. At Golden, 
Colo., the Deadwood practice was materially improved by the addition of hot air, 
without which pyritic smelting should not be attempted. The process now ap- 
pears extremely simple, but it has required many years of anxious work and 
costly experiment to make it so. 


THE PROGRESS OF METALLOGRAPHY IN 1ogor. 
By ALBERT SAUVEUR. 


Tue introduction of metallographic methods into industrial works in the 
United States is to be traced to the year 1891, when a metallographic laboratory 
was installed at the South Chicago Works of the Illinois Steel Co. Since then the 
interest taken in the subject has grown steadily until at present there are few steel 
producers which do not submit their products to microscopic examination. Hdu- 
cational institutions also have given due recognition both to the scientific interest 
and to the industrial value of metallography, and the subject is now taught in 
nearly all of our important techncal or scientific schools. 

Large consumers of metals have not as yet come to realize the value of the 
microscope as a testing implement that will help them in ascertaining the 
quality of the metals they receive from the producers, and especially in securing 
better, safer, and more uniform materials. That this appreciation must come is, 
however, certain. 

It is also disappointing to note the indifference of manufacturers of cast 
iron castings toward metallographic methods. The usefulness of these methods 
in connection with foundry work is very great; indeed it opens up a field fully 
as promising as in steel making and steel working. 

This growing interest in metallography, just alluded to, continued unabated 
during the past year. Many new recruits have been made, and the results of 
some excellent experiments have been published. The interest taken in the sub- 
ject by manufacturers of alloys calls for special notice. It should not, however, 
cause surprise, for I believe that in no other field will metallography prove of 
more valuable assistance than in the production of alloys. To those who are 
familiar with the little that has been accomplished, it must be evident that the 
value of metallography could here be hardly overestimated. 

In the following pages are presented the most important developments of the 
past year. 

Apparatus —The requirements of the metal microscopist, who deals with opaque 
objects, are so different from those of the ordinary microscopist, that the micro- 
scopical appliances on the market were not well suited to his purpose. Speciat 
stands and special accessories had to be devised in order to meet his needs. 
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In the accompanying illustration (Fig. 1) will be seen one of these special 
outfits, including all the best devices that have been thought of to facilitate the 
manipulations and to increase their efficiency. 

On the light table will be seen a special microscope stand, eye pieces, ob- 
jectives and other accessories, as well as a camera and a Welsbach lamp and con- 
denser. _A wide range of work may be covered with this simple outfit, the 
Welsbach lamp and condenser yielding a very satisfactory illumination for low 
and medium high powers. In many instances it is all that is needed. On the 
dark table will be seen a similar microscopical outfit together with an illumi- 
nating outfit consisting of an arc lamp and a complete optical bench. The optical 
bench includes two large condensing lenses, one water chamber, and one large 
diaphragm. The microscope is placed on the base of a vertical photo-micro 
camera. On the right is a rheostat through which the current is made to pass 
before entering the lamp. This illuminating outfit yields an ideal illumination, 
of great intensity and steadiness, unobtainable by any other combination. It 
is the only arrangement by which it is possible to throw the image of the speci- 
men directly upon a screen. The structure of the samples may in this way be 
_ examined by any number of observers simultaneously, discussed at leisure and 
with greater profit. The direct projection affords also an excellent means of 
drawing the structure, greatly superior to the use of the camera lucida. The 
image seen on the screen represents the structure of medium hard steel as it 
appears when projected upon it. The original magnification was 500 diameters. 

With the assistance of a special polishing machine, it does not require, in 
the majority of cases, over 15 minutes to polish and otherwise prepare a sample 
of metal for microscopical examination. The image of the structure may then 
be thrown upon a screen or photographed if desired. The exposure required 
with the electric illuminating outfit varies from one to five seconds. By using 
Carbutt’s process plates and drying with alcohol, the negative may be ready for 
printing within half an hour after the sample has been taken in hand. With a 
Welsbach lamp the time of exposure is, of course, considerably longer. 

Crystalline Structure of Metals——Prof. J. H. Ewing, of the University of 
Cambridge, and Mr. Rosenhain have published’ a very interesting paper on the 
crystalline structure of metals.. From the fact that the structure of hardened 
steel, 1.¢., of steel suddenly cooled from a high temperature, is totally different 
from the structure of the same steel allowed to cool slowly, it is rightly argued 
that the structure of steel at a high temperature differs greatly from its structure 
at a lower temperature; that upon slow cooling important change or changes 
occur in the structure. Again, on reheating a piece of steel past the critical point 
it is well known that all pre-existing structure is obliterated and replaced by a 
new crystalline arrangement. It thus appears that spontaneous changes of 
structure occur in steel, both on heating and cooling. These structural changes, 
however, have never been observed while taking place; the inference that they 
do oceur is based entirely upon the appearance of the cold metal, that is, of the 
metal after the change has been consummated; hence a natural longing to 


1 Philosophical Transactions of the Royal Society, Vol. XIX., p. 279; also, The Metallographist, Vol. V., p. 79, 
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observe these structural transformations while actually taking place. Every 
metallographist has probably brooded more or less over this problem, and in 
nearly every instance was probably led to the conception of what appeared the 
most promising method of solving it, namely, the microscopical examination 
of a polished and etched steel section while being heated by an electrical current 
forced through it, and surrounded by a non-oxidizing atmosphere so as to prevent 
the formation of an oxidized film over the etched surface. The experiment 
was actually tried by several investigators, but the many mechanical difficulties 
encountered were not successfully overcome. Messrs. Ewing and Rosenhain 
were more successful. With great experimental skill they mastered the purely 
mechanical difficulties, but the results which they report are indeed disappoint- 
ing. No change of structure could be detected under the microscope while the . 
metal was being heated or cooled under the conditions just alluded to. Upon 
a very slight re-polishing and re-etching of the sections, however, the structure 
was found to have undergone the change which was expected. While a structural 
transformation occurs within the metal, therefore, the pattern of the surface 
remains unaffected, hiding the change and preventing its observation. The authors 
very clearly explain this unexpected result in the following words: “The ex- 
planation is obvious when we realize that the pattern seen in the microscope 
is due to the cifferences of level and texture in the surface of the specimens 
which have been produced by the action of the acid used in etching. This pat- 
tern, although in its origin dependent upon the actual crystalline structure of 
the metal at the time when the surface was etched, remains as a mere mask, 
beneath which re-orientation of crystalline elements may go on without affecting 
its appearance. The etched pattern is in this respect in the same position as a 
scratch or mechanical marking of the surface, and the persistence of the etched 
pattern after annealing is simply an extension into more minute detail of the 
well-known fact that the external shape of a piece of metal is not in general 
affected by annealing, although the crystalline structure is entirely changed. 
These considerations show that we cannot expect to see the process of recrystal- 
lization in any metal where etching, staining, or relief polishing is needed to 
differentiate the constituents.” 

Failing thus to observe structural transformations in iron and steel, the 
authors turned their attention to the process of recrystallization in more fusible 
metals, such as lead, tin, zinc, and cadmium. They observed that sheet lead, 
when properly etched, exhibited large crystals and very frequently twin 
crystals. A lead surface must be kept wet with an acid solution while it is 
being examined and photographed, as such a surface-becomes dull and useless as 
soon. as it dries. Sheet lead is rolled cold from cast ingots, and yet the erystals 
of sheet lead exhibit no distortions whatever. We must conclude from this that 
a recrystallization of the metal took place after the rolling at atmospheric tem- 
perature. To throw more light upon this point the authors investigated the 
changes of structure occurring in cast lead through severe straining, cast blocks 
of lead being squeezed in a compression testing machine. Fig. 2 shows the 
structure of cast lead magnified 12 diameters, and Fig. 3 the structure of freshly 
crushed lead magnified 30 diameters. The specimens of crushed metal were then 
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examined at intervals during a period of six months to ascertain whether any 
change of structure was taking place spontaneously at the ordinary temperature. 
A decided growth of crystals was detected by actual measurement, although such 
growth is not evident from the appearance of the photographs taken by the 
authors respectively after six days, one month, four months, and six months. 
The manner in which the crystals grow is described as follows: “It is seen that 
the crystals do not grow by the steady accretion of layers all over their surface, 
but that they throw out arms or branches, which invade neighboring crystals, 
thus forming a skeleton crystal somewhat similar to those that are often noticed 
in the crystallization of fused substances.” 

The authors then subjected samples of sheet lead to a temperature of 200°C. 
for varying lengths of time, in order to ascertain whether it would result in 
further crystal growths. “Our observations,” the authors say, “show that the 
metal in this state is very sensitive to moderately high temperatures, three 
minutes’ exposure of ordinary sheet lead to a temperature of 200°C. being suffi- 
cient to produce a great change in the crystalline pattern. If the specimens be 
kept at 200°C. for a long time there is a continued change, but it becomes very 
slow, and ultimately a state is reached when further change is imperceptible.” 

Fig. 4 shows the structure of sheet lead magnified 12 diameters; Fig. 5 the 
structure of the same sample after maintaining it at 200°C. for six days. The 
triangular markings seen in the photographs are deep scratches made in the 
polished surface in order to be able to photograph exactly the same spot before 
and after the annealing treatment. 

Freshly crushed lead was then heated to 200°C. and kept at that temperature 
for a long time. This treatment resulted in a very marked growth of the 
initially small crystals, some very large ones being detected in various parts 
of the specimens. The authors’ conclusions concerning the recrystallization of 
lead are as follows :— 

(1) “In lead which has been severely strained recrystallization goes on at all 
temperatures, from that of an ordinary room up to the melting-point. 

(2) “The higher the temperature the more rapid are the changes in the 
erystalline structure. 

(3) “The rate of change varies with different specimens, probably depend- 
ing upon the nature and quantity of impurities present and upon the severity of 
the strain to which the metal has been subjected. 

(4) “The size of the crystals ultimately produced does not vary appreciably 
between 100°C. and 300°C. In lead annealed at the temperature of the air, 
very large crystals have not yet been obtained, but this is probably only a question 
of time. 

(5) “The phenomena of growth of crystals occur in lead only when the metal 
has previously been subjected to severe plastic strains. The structure of a 
cast specimen remains unaltered at temperatures which cause a strained speci- 
men to show rapid change. By casting in a mold arranged to cause rapid cool- 
ing, specimens of lead can be obtained having a minute crystalline structure, 
whose scale is not very different from that of severely crushed lead; such a 
specimen was exposed to 200°C. for nearly seven days, but no visible change of 
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structure occurred. A piece of this specimen was then strained by severe crush- 
ing, and on further exposure to 200°C. vigorous growth took place. 

(6) “The rate at which a lead specimen is cooled from temperatures of 
200°C. to 300°C. down to ordinary air-temperature has no visible effect on the 
structure. Even ‘quenching’ in liquid air has no visible effect; quenching in 
water, cooling in air, and slow cooling in the oven were all tried on a number 
of specimens without in any way affecting them. 

(7) “Lead is mechanically hardened to a small extent by severe strain, and 
the subsequent effect of annealing in restoring softness is correspondingly small. 
In one of the experiments a specimen of lead was crushed under a given load in 
the testing machine, and the load was left on until no further creeping occurred. 
The specimen was then annealed and again placed under the same load, when 
a distinct amount of further crushing was seen to take place.” 

The authors ascertained next that tin, zinc and cadmium, after being severely 
strained, recrystallize very much like strained lead. The’ striking crystalline 
structure of tin plate is well known, and is illustrated in Fig. 6 (one-half natural 
size). It will be noted that individual grains are not uniformly dark or bright, 
but that the brightness shades off across the grain. This appearance is unlike 
that ‘observed in the crystalline grains of other metals, and we are led to infer 
from it that in these tin grains the orientation of the small crystals of which such 
grain is composed is not uniform all through the grain—in other words, that 
these grains are not true crysttals, since constancy of orientation of the elements 
is an essential characteristic of a true crystal. The authors, however, are in- 
clined to attribute this feature to “a distortion or bending of true crystalline 
plates; such distortion would probably arise from differences in the coefficients 
of expansion of iron and tin brought into action by a suitable rate of cooling. 
Considering the extreme thinness of the layer of tin, the amount of distortion 
might well be purely elastic and insufficient to produce slip in the crystals of tin.” 

Seeing that it is generally supposed that recrystallization in iron and steel 
occurs at the thermal critical points, the authors endeavored to ascertain the 
existence of such critical points in lead, tin, zinc and cadmium. Failing to 
detect any they express their doubt about the relation supposed to exist between 
the structural changes and the critical points of iron and steel. This doubt hardly 
seems justified. It has been most conclusively shown that if a piece of high- 
carbon steel be heated below its critical point, no matter how near to that 
point, its structure remains unaltered, while if it be heated just above it, its 
structure is deeply changed. Again, if it be quenched just before reaching the 
critical point it is not hardened, while if it be quenched just above it, it is fully 
hardened, and this acquisition of the hardening power implies a radical change 
of structure. Are these not conclusive evidences of the close relation existing 
between the critical points and accompanying structural changes? They are 
both the manifestations of the same transformation. Again the authors over- 
look here a momentous difference between the recrystallization in lead and tin 
such as they have observed, and recrystallization in iron and steel. They state 
repeatedly and emphatically that in the former metals recrystallization takes 
place only in strained samples, while it is well known that the structure of cast 


THE MINERAL INDUSTRY. 


steel is affected at the critical points as well as that of forged, drawn, or other- 
wise strained metal. This suggests a difference of origin between the structural 
changes in steel and those in other metals. 

To account for the growth of crystals in metals at low temperatures, the authors 
proposed an ingenious and most interesting explanation. They argued that even 
so-called “pure” metals always contain a certain amount of impurities, and that 
some of them combine with a small amount of the metal itself to form eutectic 
alloys, that is, alloys which have a lower melting-point than the metal. “It is 
well known that when a metal containing a small proportion of such impurities 
crystallizes, the impurities are, for the most part, segregated in the intercrystalline 
boundaries. The crystals themselves form at a temperature when ithe eutectic 
alloys are still quite fluid, and the growing crystals gradually push the remaining 
eutectic into the boundaries. When the quantities of impurities present is suffi- 
ciently great, this eutectic can be seen under the microscope forming an inter- 
crystalline cement. . . . When the quantity of eutectic present is very 
small, the meshes of intercrystalline cement cease to be visible, but the presence 
of the impurity makes itself felt by the formation of deep grooves or channels 
along the intercrystalline boundaries, on etching. Even a very minute amount 
of impurity would suffice to form a thn but practically continuous film of 
eutectic in the crystalline boundaries.” 

The authors contend “that there is constant diffusion upon the surface of 
the crystal into the eutectic and equally constant re-deposition of metal upon 
the crystal from the eutectic film. If there are several crystals in contact with 
the same eutectic, then there will be, under some conditions, a state of dynamic 
equilibrium between them, the amount dissolved from each being exactly counter- 
balanced by the amount deposited upon it; if, however, there is any difference in 
their “colution pressure” in respect to the eutectic, then the less soluble will grow 
at the expense of the more soluble. . . . The metal constituting the eutectic 
films being much nearer its melting-point than the rest of the mass, would thus 
be favorable to comparatively rapid diffusion, but the rate of such diffusion, and 
consequently, the rate of growth of crystals, would be enormously increased by 
heating the metal to a temperature above the melting-point of the eutectic in 
question.” 

The theory proposed depends upon the existence of a difference in the solubility 
of the two crystal faces in contact with the eutectic film. The only difference 
between these two faces is, apparently, in the orientation of the crystalline ele- 
ments, but this difference ic sufficient, in the authors’ opinion, to produce a dif- 
ference in their rate of solution in the eutectic film, seeing that it results in 
such marked difference-in their solubility in the etching acid, which, as is well 
known, attacks some grains much more readily and deeply than neighboring ones 
whose elements have another orientation. To account for the influence of the 
orientation of the elements upon the solubility of the crystals, the authors sug- 
gest to extend to alloys the electrolytic theory of solution. “Such differential 
actions,” they say, “may most probably be attributed to differences of electrical 
potential in the surfaces involved. If we accept this view of the matter, then 
the diffusion across films of eutectic becomes a case of electrolysis.” 


Cast Lead, magnified 12 diameters. Freshly Crushed Lead, magnified 30 diameters. 


Fie. 6. Etched Tin Plate, reduced to half size. 


Fig. 7. Weld in Lead, magnified 30 diameters. 


Fig. 8. Weld in Lead, with Eutectic, magnified 30 diameters. 
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This theory explains why only strained crystals of the metals examined will 
grow, while unstrained crystals show no tendency to change, even at high tem- 
peratures. “The explanation, on the electrolytic theory, is that in the unstrained 
state the crystals are surrounded by practically continuous films of eutectic, 
and that electrolysis only becomes possible when severe distortion has broken 
through these films in places, allowing the actual crystals to come into contact ; 
the electrolytic circuit would then be for each pair of crystals, from one crystal 
io the other by direct contact and back through the eutectic film.” 

If the authors’ brilliant conception be true, recrystallization by annealing in 
a perfectly pure metal would not occur, but as they rightly say, it is almost 
hopeless to obtain a sample of metal sufficiently pure to prove or disprove the 
theory. They argue, however, that if the growth of crystals is due to the pres- 
ence of a eutectic film between them, the absence of such film would be a 
barrier to all such growth, and that a weld between two clean-cut surfaces 
should show no growth of crystal across the weld. This they actually proved to 
be the case. Fig. 7 shows the appearance of welded lead after annealing and 
magnified 30 diameters. The line A B shows the weld. It will be noted that 
the crystals have grown up to the line of the weld and then ended quite abruptly. 
“In no case does a grain cross a weld-line. The weld, therefore, behaved as 8! 
true intercrystalline boundary, differing only in the absence of eutectic, and there- 
fore forming a barrier to crystalline growth. The authors then went one step 
further, and in order to produce a growth of crystals across the weld, in ac- 
cordance with their theory, they introduced a eutectic film at the weld in the 
shape of a continuous layer of lead-bismuth, and subjected the sample to an- 
nealing to cause the growth of the crystals. No growths, however, took place 
across the weld, but this they explained on the ground that the eutectic film 
formed a continuous separation between the two lead surfaces, analogous to those 
forming the boundaries of unstrained crystals, and that a discontinuous eutectic 
film is required according to the electrolytic theory, to cause a crystal growth. 
Their next step was accordingly to introduce such a discontinuous film at the 
weld in the shape of a few small flakes of the same alloy. After annealing the 
crystalline growth was found to have extended over the weld-line as is well 
shown in Fig. 8, in which # D represents the weld. In the center of the field 
will be seen a large crystal cut almost in halves by the weld. 

The results of these experiments with welded lead point strongly to the ac- 
curacy of Messrs. Ewing and Rosenhain’s theory. Their work is of a masterly 
character, both as to experimental skill and intellectual power. 

Structure and Finishing Temperatures of Steel Ratls.—It is well known that 
when a piece of steel is allowed to cool undisturbedly from a high temperature, 
it crystallizes, and that the resulting crystals or grains, as they are frequently 
called, are the larger, the higher the initial temperature and the slower the cooling. 
This was first forcibly stated by Prof. Tschernoff in his masterly paper on 
“The Manufacture of Steel and the Mode of Working It,” communicated to the 
Russian Technical Society in April and May, 1868. 

Tt is also well known that if the steel be vigorously worked (rolled or forged) 
while it is cooling from a high temperature, crystallization is prevented, but as 


706 THE MINERAL INDUSTRY. 


soon as work ceases, crystallization sets in until a certain temperature is reached, 
which in the majority of cases is not far from 700°C., and below which there is 
no further growth of crystals. If work be performed below that critical tem- 
perature the crysttals are permanently distorted, being flattened and elongated in 
the direction of the rolling and this distortion of the crystals is greater the lower 
the temperature at which the work is carried on. Such distortion causes a de- 
crease of ductility and, eventually, brittleness, a striking illustration of which is 
found in the drawing of wire, which must be frequently annealed to remove the 
brittleness produced by work at a low temperature. The annealing removes the 
distortion of the crystals and, therefore, the resulting brittleness by causing the 
metal to assume a new and finer crystallization. 

For convenience, the range of temperature during which steel crystallizes, and 
which extends from the melting point to the critical temperature (about 700°C. 
in the case of carbon steel) may be called the crystallizing range, and the work 
performed at these temperatures “hot work,” while the work done below these 
temperatures will be called “cold work.” Hot work influences the final structure 
by preventing or retarding crystallization, while cold work distorts the crystals. 

It follows from the above considerations that in working steel, as is done in the 
manufacture of so many implements, from a high to a much lower temperature, 
crystallization is retarded, i.e., is made up to cover a much shorter range of tem- 
perature, extending from the finishing temperature (the temperature at which 
work ceases) to the critical temperature. The resulting structure will, therefore, 
be finer grained, 1.e., will be made up of smaller crystals, than if the metal had 
been allowed to cool undisturbedly from a high temperature; the crystals will be 
the smaller the lower the finishing temperature. Should work be continued below 
the critical temperature the crystals will be distorted, which implies a loss of 
ductility. 

It has been conclusively shown that the finer the structure, 1.¢., the smaller 
the crystals, the more ductile will be the steel, and since ductility is always a very 
desirable property, whatever the intended use of the finished implement, the 
treatment of the metal should be conducted so as to confer upon it the finest 
possible structure. The importance of finishing steel implements at the proper 
temperature, therefore, need not be insisted upon. It is now appreciated by all 
enlightened metallurgists. 

The manufacturers of steel rails, more than any other producers of finished 
steel articles, have given careful attention to the important influence of the finish- 
ing temperature upon the structure and the physical properties of their rails. In 
these days when the tendency is to allow more and more carbon in rail steel, in 
order to lengthen the life of the rail, the importance of securing all the ductility 
possible from the heat treatment stands pre-eminently at the front. 

The importance of low finishing temperatures was clearly brought out some 
ten years ago at the South Chicago works of the Illinois Steel Co., as a result of 
my extensive tests, which were summarized in a paper presented at the Engineer- 
ing Congress in 1893. In spite of the conclusiveness of these tests however the 
management could not be made to take up any efficient measure toward lowering 
the generally too high finishing temperature of the rails. It was assumed that 
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any step in that, direction would interfere with the output and this was not to 
be considered. While the results given in the paper did not attract much atten- 
tion at the time, the importance of proper finishing temperatures gradually 
asserted itself until at the present day there is hardly a steel rail user or producer 
who is not fully alive to it. The results of many experiments along this line have 
been published within the last year which confirm the conclusions reached ten 
years ago. 

The Kennedy-Morrison Rail Finishing Process—The suddenly renewed in- 
terest in the subject of proper finishing temperature for steel rails, alluded to 
above led the Carnegie Steel Co. to a notable departure at its Edgar Thompson 
plant, from the ordinary mode of procedure. ‘This move on their part was given 
much publicity and has attracted the attention of all rail consumers. Stated 
briefly, the modification which they have introduced in the rolling of steel rails 
consists in holding the rails on a cooling table a few minutes before subjecting 
them to the last pass. It is argued that by so doing the rail is finished at a lower 
temperature, which is the desideratum sought. 

Looking critically into this new departure in rail rolling, it is observed that 
the rail, when it reaches the cooling table before the final pass is at a high, or. 
relatively high, temperature and is then allowed to cool until a certain lower tem- 
perature is attained. During this undisturbed cooling the metal evidently crystal- 
lizes and the rail must necessarily enter the finishing rolls in a crystalline con- 
dition, which will be the more pronounced the higher the temperature of the rail 
when it; reached the cooling table and the slower and more prolonged the subse- 
quent undisturbed cooling. It also seems as if the single pass to which the metal 
is subjected after this crystallizing period cannot be sufficient to break up the 
crystallization just created. On theoretical grounds, therefore, if a material gain 
results from this method of procedure, I do not see how it can be accounted for. 
Let us remember that any undisturbed cooling above the critical temperature con- 
stitutes a crystallizing period. By partially cooling the rail before the final pass, 
the crystallizing range is shortened after the rail has left the finishing rolls, but 
a crystallizing period is created just before the final pass, which is exactly equal 
in length to the diminution of the final undisturbed cooling. By so doing the 
total crystallizing range is not decreased, which alone governs the size of the final 
crystals; it is merely divided, causing a part of it to be located immediately before 
the final pass and the balance immediately after, so that a rail treated by this 
process has passed through a crystallizing period of exactly the same length. 

The only beneficial effect therefore that can be claimed for this process is that 
it breaks up the crystals produced just before the last pass, resulting in a finer 
structure rail. Assuming that the reduction produced by the last pass is about 
five per cent. it seems hardly conceivable that so slight an amount of work could 
be effective in breaking a pre-existing coarse structure. 

Similar criticisms of the value of the Kennedy-Morrison process have been 
published by Mr. S. S. Martin, of the Maryland Steel Co., who contends, ap- 
parently on good ground, that any undisturbed cooling introduced in the process 
of rolling, in order to be ‘effective in producing a finer grained rail, must take 
place at-an early period, because then the considerable reduction, 1.¢., the great 
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amount of work to which the rail is subsequently subjected, will break up the 
crystals formed during that undisturbed cooling. It has also been argued, and 
nightly, 1 think, that those mills which do not reheat their blooms produce finer 
grained rails, for the simple reason that they finish their rails at a lower tempera- 
ture. 

To sum up, in order to confer a fine-grained structure upon steel rails, three 
courses seem to be opened :— 

1. To shorten the crystallizing period, ¢.e., the time during which the rail is 
allowed to cool undisturbedly above the critical temperature (say about 700°C.). 
In other words, the rail should be finished sufficiently cooled, and the finishing 
temperature will, of course, depend in turn upon the temperature of the ingot 
when rolling begins and upon the speed of the operations. The main objection 
to starting and carrying the rolling at a relatively low temperature is that it 
throws more work upon the rolls. The objection to a slow rolling speed and 
handling of the material is that it decreases the output of the mill. Both objec- 
tions imply an increase in the cost of the rail. 

%. To cause a part of the crystallizing period to occur previous to the final pass, 
1.¢., to allow the rail to cool undisturbedly at some stage of the operations, and for 
a short time, before completing the rolling. This cooling in order to be effective 
should occur at a sufficiently early stage of the rolling, in order that the resulting 
crystallization may be broken up through a sufficient amount of subsequent work 
and reduction. Such results would be obtained by placing the cooling table at the 
shears. The objection to this course is that the shaping of this cooler bloom into 
rails would require greater mechanical effort and, therefore, increase the cost 
of production. 

3. To finish the rail at the temperature most desirable for easiness and speed of 
manipulation in rolling and then to reheat it to a temperature slightly above the 
critical temperature, a treatment which would result in the breaking up of the 
pre-existing coarse structure, replacing it by a much finer one. This course would 
undoubtedly be the most effective of the three as it would not only impart a fine 
structure to the rail, but also a uniform structure to all its parts, while a rail 
not so treated must necessarily be coarser in the central parts than nearer the 
cooling surfaces, owing to the higher temperature of the center when the rail leaves 
the finishing rolls and to its slower subsequent cooling. The cost of such reheat- 
ing treatment would undoubtedly be very great and, possibly, prohibitive. 

The Constitution of Cast Iron.—Prof. Henry M. Howe has published a most 
important paper? on the constitution of cast iron, which takes the discussion 
on that subject out of the pit and obscurity in which it has raged for so many 
years to place it.in broad daylight on a good sound ground. The attitude and 
arguments of many foundrymen on the subject of cast iron is a source of in- 
cessant wonderment to the metallurgist with a logical and scientific turn of mind. 
It is gratifying to see Prof. Howe begin his article by stating a truth which 
foundrymen constantly ignore, namely, that there is no break whatever in their 
properties or structure, in the series of carbonized iron compounds as we pro- 
ceed from low-carbon steel to white cast iron. It is absolutely in an arbitrary 
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way that we decide to call cast iron all compounds containing over 2 or 3% C., 
It is also refreshing to have Prof. Howe state that gray cast iron is steel 
plus graphite, @.¢., is made up of a matrix of steel of varying carbon con- 
tent through which are disseminated particles of graphite. The contention so 
often heard that the laws and reasoning based upon the scientific study of steel 
cannot be applied to cast iron, because it is such a radically different and more 
complex metal does not for a minute stand the light of searching inquiry. 

Since cast iron is merely steel of varying carbon content, with (gray cast iron) 
or without (white cast iron) particles of graphite breaking its continuity, we 
should have no difficulty in inferring what should be the structural composition 
of cast iron possessing certain desirable properties. We only have to remember 
that as the carbon content of steel (the combined carbon) increases, the tenacity 
increases up to about 1%, and then decreases, the ductility decreases continuously 
and the hardness increases continuously; and that the presence of plates of 
graphite, breaking up the continuity of the mass decreases both its strength and 
ductility. Looking upon cast iron, therefore, in the light of what it really is, 7.€., 
a high-carbon steel (white cast iron) or a metal possessing a steel matrix through 
which particles of graphite are disseminated (gray or mottled cast iron), if we 
desire to obtain (1) a casting of maximum strength: it should be made up of 
a matrix containing about 1% of combined carbon with as little additional carbon 
(either combined or graphitic) as possible, since such additional carbon would 
decrease the strength; (2) a casting of maximum ductility and softness: the 
matrix should contain as little carbon as possible, and the metal as little graphite 
as possible; (3) a casting of intermediate properties: the matrix should contain 
an amount of combined carbon varying between 0 and 1% according to require- 
ments and the metal as little graphitic carbon as possible; (4) a casting of maxi- 
mum hardness: it should contain as much combined carbon as possible and no 
graphitic carbon (white cast iron). It is seen that itis never desirable to have 
over 1% of total carbon present, but since in cupola practice the amount of total 
carbon absorbed by the iron can only be controlled between very narrow 
limits (varying generally between 3°5 and 4%), it is only by regulating the rela- 
tive properties of combined and graphitic carbon that we are able to approach 
the properties desired. To do so we must regulate properly the amount of impuri- 
ties, and especially of silicon, sulphur and manganese present in the iron and the 
rate of cooling (size of castings, chilling, etc.), since these factors all influence 
the formation of graphitic carbon or the retention of the carbon in the combined 
condition. 

It also follows that in the so-called “air furnace” in which pig iron is melted 
under oxidizing conditions, a stronger cast iron can be obtained, since it is possible 
to decrease the amount of total carbon, and this is confirmed by experience. 


MINE TIMBERING AND THE SUPPORT OF 
EARTHWORKS! 


By WILBUR EDGERTON SANDERS. 


THE term “Harthworks,’ in its broadest sense, includes many engineering 
works and the various operations connected with the extraction of materials of 
economic value from the earth’s crust, and it comprehends excavations in solid 
rock .as well as in the looser materials forming a part of the superticial deposits 
of the earth. Technically speaking, the subject is divided along natural lines 
into “Engineering Harthworks’” and “Mining Earthworks”; the former class 
dealing especially with construction enterprises, while the latter has for its object 
the extraction of materials from or from beneath the surface of the earth. While 
the operations carried on under either of the above branches of the subject are 
founded upon the same principles yet are their requirements and conditions 
usually dissimilar, and for this reason the details of the work are often handled in 
different ways. 

Both Engineering Earthworks and Mining Earthworks may be subdivided 
into three classes: Embankments, or earthworks made by filling; Walls, those 
made by building and by cutting; and Excavations, those made by cutting. 
Excavations may be still further classified as of two kinds: Surface Excavations 
or those open to the sunlight, which include trenches, open-cuts and quarries ; 
and Underground Excavations, comprising those earth-workings that are shut in 
from the sunlight and which are covered by overlying formation. 

All earthworks must in some manner be supported, whether such support is 
afforded by natural or by artificial means. The natural supports are furnished 
by the materials of which the works are constructed, as is the case with embank- 
ments and walls, or those in or through which the workings are excavated, as 
when the natural rock enclosing earth-workings is of texture and strength suffi- 
cient to resist the pressures bearing upon them. The artificial supports are fur- 
nished by extraneous materials applied to resist pressure-forces, in evidence or 
prospective, and are especially adapted to specific uses. 

As regards the science of support, all earthy matter in and through which 


earthworks are excavated may be divided into two classes that are indicative of 
a a a SON ao SR TT I SERS ROR a EA 


1 A comprehensive treatise on this subject is now being prepared by Mr. Sanders to be published by The 
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well as the support of large tunnels, etc.- -Editor of Taz Minerau InpustRY. 
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the normal and abnormal physical characteristics of enclosing and supporting for- 
mations; for upon these characteristics, as well as upon the nature and extent 
of the workings themselves, depend in great measure the employment of natural 
and artificial methods of support. In this classification it is well to assume as of 
the normal type those rocks that possess such physical characteristics of strength, 
hardness and density, cohesion and toughness, as shall enable them of themselves 
to support to a greater or lesser degree the weight and other pressures bearing 
upon and tending to destroy the workings. On the other hand the abnormal 
physical characteristics of earthy matter are those which are due to changes, 
physical, chemical and dynamic, that affect the texture, solidity or coherence of 
the rocks and rock-masses, rendering them soft and often even fluid or causing 
them to separate into parts large or small. Movements of the earth’s crust 
whereby the masses become fractured and broken or crushed, bedding planes,. 
cleavage planes due to pressure and those due to other causes, the circulation of 
waters that take into solution certain mineral constituents of the rocks and. 
thereby expose them to disintegration, the absorption of water by the feldspars’ 
of certain rocks whereby kaolinization takes place and clays are formed, thus caus-: 
ing the swelling ground that presents at once a condition of the greatest difficulty: 
to overcome and one of the greatest dangers to earth-workings; these are but a 
few of the abnormal features that are developed by excavations in the earthy ma-- 
terials and that must be met and resisted by artificial supports in order that the 
workings may be kept open and the work prosecuted. 

The various kinds of earthworks that must receive natural or artificial support 
are, as regards surface workings :— 

(1) Embankments and Walls; both of which are built up above the surface 
of the earth, the former usually being constructed of the loose materials of the: 
superficial deposits and depending for support either upon the friction between 
the different particles of which it is built or upon a retaining-wall of strength: 
sufficient to afford the needed support, the latter constructed of materials of' 
texture and mass possessing strength sufficient to furnish the desired support.. 

(2) Trenches and Open-cuts.—These workings are very similar in character, 
the distinction being largely one of relative size. A trench is a narrow cut into 
the surface of the earth, while an open-cut is a trench of exaggerated dimensions:. 

(3) Quarries.—Still further differentiating between trenches and open-cuts,. 
as regards the dimensions of the workings, we have the quarry. This class of’ 
earthworks may be either of regular or irregular form and though usually of large: 
extent it may nevertheless approach in size to the open-cut. Another distinctiom 
lies in the fact that while the quarry is employed for the purpose of “winning”’ 
or obtaining materials of economic value at the surface of the earth, and’ is 
therefore a branch of mining, trenches and open-cuts have more frequently to do 
with engineering enterprises. 

As regards underground workings the subject of earthworks may be divided 
into three classes :— 

(1) Level Workings.—These are horizontal workings and comprise passage- 
ways and stations. Passageways are employed for traffic of various kinds while 
the stations furnish storage room underground and are also made use of for the 
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location of mine pumps below the levels that open to the surface. Depending 
upon the locality, and the uses to which they may be put, level passageways are 
called adits, adit-tunnels, tunnels, levels, drifts, drives and driveways, tramways, 
haulageways, gangways, headings, cross-headings and cross-cuts, while stations of 
the metalliferous mines of the West are known as plats among the coal miners of 
the Hast. 

(2) Inclined and Vertical Passageways.—These include inclined rectangular 
shafts; otherwise termed inclines and slopes in the coal regions, and vertical, 
round, elliptical, polygonal and rectangular shafts, together with those interior 
mine workings known as raises and winzes. 

(3) Extraction Places, oftentimes called Working Places.—These workings are 
the points at which materials of economic value are attacked and from which 
they are broken down and extracted. Depending upon the character of the deposit 
such workings may be horizontal, inclined or vertical. In connection with hori- 
zontal and slightly inclined bodies the extraction places are designated rooms, 
chambers, stalls, and sometimes benches, when the materials are attacked in 
benches within room, chamber and stall. In the more steeply inclined deposits 
and when the materials to be excavated occur in large masses, where the sur- 
rounding and overlying formation must be supported, such working places are 
known as “stopes.” Depending upon the method of attack, as to whether the 
material is broken from above or from beneath, these workings may in turn be 
subdivided into overhand and underhand stopes. 


MATERIALS OF SUPPORT. 


The materials that are employed for the purpose of supporting earthworks are: 
(1) Earthy Materials; (2) Metal; and (3) Timber. 

(1) Earthy Materials—All natural support is afforded by earthy materials, 
wherein the natural rock in place is made use of to resist the pressure-forces 
bearing upon and tending to destroy the workings. Here the strength and other 
normal physical characteristics of the rock furnish the needed support, and in the 
form of walls, slopes, benches, pillars and pillar-arches are often all-sufficient. 
More frequently, however, artificial support is necessary, and extraneous materials 
are employed in specific ways to satisfy the demands of the usual and unusual 
conditions that are continually developing in earth-workings. Here, too, the 
earthy materials are employed to furnish support, and rock in various forms is 
used as also are brick and cement. Rock, cut, broken or crushed into stone of 
regular or irregular shape and size, and used wet (with mortar or cement) or dry 
(without such binding material), is built up to form walls, arches, and pillars or 
bulkheads, while crushed or broken stone is roughly dumped into the excavations 
for waste-filling or more carefully stowed therein for waste-stowing. Finely 
crushed or comminuted stone or other earthy material, as tailings and culm, is 
frequently employed to support underground openings and is filled into them by 
various methods of procedure. Brick is often employed to furnish support to 
underground workings and is built up with mortar or cement to form walls, 
arches, and pillars or bulkheads. Cement, also, is used under certain conditions, 
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and as walls, arches and pillars supports many kinds of earth-workings. All 
earthy structures that depend largely or entirely upon the maintenance of their 
proper form in order to offer their powers of resistance to the pressure-forces bear- 
ing upon excavations, and of supporting the workings thereby, can be employed 
only under conditions that favor the integrity of their construction. Walls, pil- 
lars and arches, able to withstand the pressure-forces which they are built to resist, 
quickly fail when subjected to the grinding action of creeping. or moving forma- 
tions. 

(2) Metal.—Iron is the only metal that is employed for supporting earthworks. 
In the engineering construction of recent years it has largely supplanted the use 
of timber, stone and brick, as also has it to a considerable degree taken their place 
in architectural structures. In the use of the metal underground there are re- 
strictions which prevent it from superseding in large measure the earthy and 
timber supports that are commonly employed in the deep workings. Subterranean 
waters are frequently charged with chemicals that are injurious and even de- 
structive to iron structures, and for this reason metal is unlikely to replace to 
any great extent the other materials of support in regions that contain certain 
minerals and where the solutions that circulate through the earth’s crust in those 
localities are heavily charged with sulphuric acid, copper sulphate or other dele- 
ierious constituents. In some places, however, where iron is used for support 
it possesses a distinct advantage over timber and the earthy materials and, when 
intelligently employed, its use may frequently be advantageous not alone from 
an engineering standpoint but from that of economy as well. 

As cast iron, wrought iron and as steel, the metal is available for supports. 
When cast it is used for props to support the roof in the horizontal and slightly 
inclined extraction places, for posts or legs and the cap or crown of drift and 
station, gangway and plat sets, for the sole-blocks of gangway sets, and for the 
tubbing and bearing-rings of vertical round and elliptical shafts. As wrought- 
iron it is available for supports when rolled into structural shapes, those which are 
especially adapted to such use being plates, the flat and oval bars, angle beams, 
channel beams, H and T beams, and rails. 

As soft and mild or medium steel it is available for use as supports when 
rolled into structural shapes, as angle bars, channel beams, I and T beams, and as 
rails. Both steel and wrought iron in structural shapes are employed as sup- 
ports in levels and in shafts, going to make up the parts of the regular drift 
and gangway and plat sets, to form the metal caissons and air-locks for driving 
level workings and for sinking shafts in running ground and in watery strata, 
and they are assembled to make up the framework of inclined and vertical 
rectangular shaft square-sets. 

(3) Timber.—For many reasons timber is the most important material from 
which the artificial supports for Mining Earthworks are constructed ; and because 
of its adaptability to such uses, its applicability in meeting the usual and un- 
‘usual conditions met with in earth-workings, and the ease with which it may 
be manipulated, shaped, handled and located, its primary importance as a ma- 
{erial for the support of excavations must remain undisputed. 

There are two classes of timber in general use for supports: the woods of the 
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narrow-leaved, naked-seed conifers (pine, fir, spruce, hemlock, tamarack, cedar, 
redwood, cypress), and those of the broad-leaved trees (oak, ash, locust, chestnut, 
poplar, cottonwood). Quickly grown hardwoods from rich, warm soils, and slowly 
grown conifers from high altitudes and the poorer soils, with moderately narrow 
rings, as a rule yield the most durable woods. The qualities most desirable in 
timber for supports are strength and elasticity, which characteristics are obtained 
to a degree in the clear-grained and harder varieties of the conifers. Of two 
pieces of the same wood the most durable and the stronger is usually the heavier 
one. Knots and checks within the grain of the wood are sources of weakness, and 
under end-compression and transverse strain are favorable to sudden breakage 
without previous warning. 

Timber for supporting underground workings should be seasoned where possible 
before it is placed in position. The main cause of decay in wood is the sap, which 
sets up a fermentation within the cellular tissues and destroys them; wherefore 
the trees should be felled when the least amount of fermentable sap is in the 
wood, usually about December. When the trees are cut down while “in the sap” 
it. is well to leave the tops undisturbed, trimming off the branches only as high 
up as the log is desired for use as timber. By so doing the leaves in effect act 
as a suction-pump, drawing the sap upward into the top and drying the wood 
with remarkable rapidity, a result more certainly attained in the arid or semi-arid 
than in the moist and humid regions. By this method the writer has seen fir tim- 
ber dried out within a few days to a degree sufficient for all practical purposes. 
Where it is employed in the springtime, when the bark is slippery upon the wood, 
the log will be peeled perfectly of its bark within a few days, and as this removal 
of the bark eliminates one of the main causes of decay, for the covering absorbs 
moisture and collects and holds the fungus of dry rot, this period would seem a 
good time for felling mine timbers when the trees are thus treated. A better 
period, however, would be during the winter season, when there is a minimum of 
sap within the tree and the wood is dormant; but the tops should be left with the 
log that they may draw the sap to themselves in the spring, thereby drying and 
peeling the timber to a degree. 

In the use of timber for support the weight should be resisted as far as possible 
in line with the grain, for the strength of the timber is materially greater in 
compression upon the ends of the fibers than transversely across them. Round 
timber is stronger than that which is sawed or hewn, for such deformation of the 
original piece cuts the grain of the wood and thereby weakens it. The squared 
timbers are the more easily shaped and manipulated, and for this reason are in 
frequent use in underground operations of magnitude. 

Because of heat and poor ventilation in underground workings, together some- 
times with alternations of dry and damp air, timber supports are subject to rapid 
decay, which is evidenced by a growth of fungus and a softening or weakening of 
the wood-fibers. Good ventilation is a necessity to the preservation of timber 
im such places although similar results are accomplished artificially. Water 
trickling down the wood tends to wash off the fungus spores and thus acts as a 
preservative, but in many places this method is impossible of application, and 
other means to the end are required. In underground operations, and especially 
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among the mines, the simple question of the preservation of the timber sup- 
ports against decay is not the only principle involved, but the workings and the 
timber contained therein should be preserved against fires which have proven so 
disastrous to mining. Some preservative therefore should be employed that will 
render timber proof not only to rot but against fire as well, and such results 
are obtained by the processes using metallic salts, of which zinc chloride has 
proven to be a cheap and effective antiseptic and is the one most frequently 
employed. The methods in use are those of steeping the timber for a time in 
a bath of the solution or, as is generally now done, of forcing the materials into 
the cells of the wood by hydraulic pressure applied in a closed vessel containing 
the pieces. 


SCIENCE OF SUPPORT. 


Invariably in the support of earthworks the primary consideration is that 
of safety: first for humanitarian reasons, as regards the lives and persons of 
individuals; and second, for economic reasons, that the workings may be kept 
open in order to carry out properly the purposes for which they are constructed. 
Economy should always be sought after, but it is necessary to differentiate be- 
tween the true and the false economy in carrying out the operations. Preliminary 
training of a practical nature is an indispensable part of the equipment of the 
successful operator, to whom not only a general but local experience as well is of 
large importance; for it is only by actual knowledge in the handling of affairs 
that he is enabled to judge correctly of the conditions and to apply the proper 
remedies for overcoming the difficulties that are continually arising. The phys- 
ical characteristics of the formations in and through which earth-workings are 
driven determine the methods of procedure, as do also movements of the rock- 
masses. The general conditions of the formations determine the general plan of 
procedure, as also do the size and character of the workings themselves, while 
local conditions determine local and detailed methods of procedure. 

All pressure affecting earthworks is due to natural forces, of which gravity 
acting vertically downward is the fundamental consideration. Indeed it is a 
fact that all pressures met and to be resisted in earth-workings are intimately 
connected with and are really a part of the action of the force of gravity. The 
pressure-forces encountered in underground excavations are due to the resistances 
offered by the rock-masses to the force of gravity, and they are measured both in 
amount and direction by the resultants between gravity and the resistances 
thereto. When gravity is equaled in amount by and opposed in direction to the 
resultant of the resistances to gravity, which includes not only the resistances 
offered by the rock-masses themselves but those furnished by the application of 
natural and artificial supports, then do we have a condition of stable equilibrium 
wherein a state of rest is existent. When, however, these forces are unequal in 
amount or where their directions are divergent, then do we have a condition of 
unstable equilibrium with its consequent movement. 

The support of earthworks in general, however, deals with so many uncertain- 
ties that it rarely becomes an exact science, and usually it is far less capable of 
mathematical treatment than is engineering construction, wherein a structure is 
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dependent not only upon the strength of the materials entering into it, which 
usually varies even in the same material, but upon an assumed factor of safety 
that is sometimes also called a factor of ignorance. In applying support to earth- 
workings the measure of the pressure-forces and their direction as well, is usually 
indefinite, for both are affected by so many varying and unknown conditions that 
the application of principles becomes often a matter of judgment, experimenta- 
tion and renewal. 


FUNDAMENTAL SUPPORTS. 


The usual supports for particular workings are: for level workings, including 
passageways and stations, the single piece, the half, three-quarter and full set, 
either as a square-set or with inclined uprights, the arched and the saddleback set, 
together with the arch and the pillar. Distance pieces, where necessary, retain 
the sets in their proper relative positions, longitudinally ; for inclined and vertical 
rectangular passageways, including shafts and the interior workings known as 
raises and winzes, the usual pieces are the wall-plates, the center-plates and the 
posts, located as square-sets, together with the close-cribbed plates either of round 
ov squared timber, and the hghter cribbed planking; for vertical round and 
elliptical shafts, the tubbing of stone, brick, cast iron and wood, together with 
their bearing rings; and for extraction places, props, and stulls, the half, three- 
quarter and full sets, the posts, caps, girts, cap-sills, sill-girts, and the single- 
and double-post sill, of the square-set framing, together with pens and bulkheads. 

Of parts of general utility to earth-workings there might be named the blocks 
and wedges wherewith supports are held firmly in their proper positions; the 
lagging and ‘spiling, pole, split and plank, for the close or tight and open or 
loose lining of the workings in both normal and abnormal ground; the single 
piece, half, three-quarter and full set, the arch and saddleback, together with the 
erib and pen and bulkhead, for reinforcing supports; and of special parts of 
general utility there might be named the false timbers and sets that are used 
to keep the workings open during the placing and replacing of supports, together 
with those single pieces and other parts that are variously applied in connection 
with supports. 

The shaping of all timber for support is done by the use in some form of the 
tenon and mortise and the miter, either singly or in combination ; and these are 
fundamental joints however much they may vary in practical detail, as hitches 
and shoulders, squared and beveled, the joints giving inclination to the parts, 
gains, grooves, and the various other contrivances in use for enabling the timbers 
to come together from two or more directions and to connect properly at the 
joints. In framing supports for particular work the joints should be planned 
to resist in the strongest manner possible the pressures bearing upon the timbers 
and especially where such pressures are abnormal, but the information necessary 
to determine such points may be a matter of previous knowledge or it may be 
a problem for experiment, to be developed only through the failure of the earlier 
supports. | 

Where the framing of timbers for support is a matter of the utmost precision, 
as in the shaping of supports for rectangular inclined and vertical shafts, all 
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measures and the marks for cutting are taken either from a particular face of a 
piece, often in such cases from what will be its top when in position, or, prefer- 
ably, the marks and measures are taken from a center or datum-line along’ the 
center of that which will be the inner face of the timber when located in position, 
the truest face being always the one selected. The upright lines are thereafter 
marked at right angles to this datum-line, while those across the timber, from its 
inner to its outer face, are taken at right angles to the selected inner face. By 
this method the frames can be so exactly dimensioned that the bottom of a deep 
shaft will be of exactly the same interior cross-section as is the top or collar. 

Both square-sawed and round timbers are sometimes framed by machinery, 
especially the parts for the square-sets employed in extraction places, but round 
timbers for the level workings are almost invariably shaped by hand. These 
are marked by a center or datum-line from end to end, usually by the chalk-twine, 
and the line across one end of the piece is taken from that end of the datum-line 
through the center of the timber, its corresponding line across the opposite end 
being located by sighting a short straight-edge upon the edge of a second straight- 
edge, the edge of which coincides with the end cross line first marked off. All 
other lines are measured and marked off at right or desired angles from the above 
center and cross lines, they being located usually at either end of a timber by 
means similar to those above mentioned with the idea of bringing all faces and 
shoulders to correspond exactly with desired planes and angles, that the joint- 
parts may truly come together when the timbers shall have been placed in their 
proper positions. 


SUPPORT OF EARTHWORKS. 


In the support of surface earthworks, as embankments, walls, trenches and 
open-cuts, and quarries, the materials of which they are constructed or in and 
through which they are driven, furnish the only supports required when such ma- 
terials are of themselves of strength and texture sufficient to support the workings. 

An embankment, per se, is constructed of indifferently sized materials heaped 
together to form a bank or mound and dependent for its integrity upon the fric- 
tion between the different particles of which it is composed. Such a structure 
made up of various earthy materials, soil, gravel, and crushed and broken stone, 
will retain its form when the friction between the different particles and, in a 
lesser degree, the texture of the particles themselves are equal to or of greater 
moment than is the force of gravity, the weight, which causes them to seek a 
lower level. This ratio between weight and combined friction and texture is 
known as the natural slope or angle of repose, and experiment has fixed its value 
for different materials. When, owing to compression or other causes, the tenacity 
between the particles themselves increases in amount above that due to friction, 
then does the natural slope become steeper and the bank partakes more of the 
nature of a wall. When the tenacity between the particles, or in other words the 
texture of the materials of construction, becomes possessed of sufficient strength 
tc withstand the weight-pressure to be supported, then the angle of the natural 
slope may become vertical and the structure becomes a wall that is dependent 
for its stability upon the strength and mass of its materials of construction. 
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Walls may be formed of the natural earthy materials or built up by artificial 
methods. HEmbankments are often supported by walls of earthy, metal or timber 
construction, which are then known as “retaining walls.” 

Trenches and open-cuts are supported either by the natural materials of which 
their sides are composed, depending either upon the friction between the particles 
thereof or upon the strength of such materials, and by artificial supports as well. 
For permanent supports retaining walls built up of earthy materials are usually 
employed, while for temporary use timber is available, the side’ materials being 
retained in position by beams and struts abutting against either wall of the 
excavation. When the materials composing the sides are unstable and liable to 
fall away then timber framework, supported by the struts against the walls, is 
employed, and where the material is too soft for the usual methods of support 
forepoling or spiling is used. 

In quarries, the walls and extraction places are supported either by the natural 
slope of the ground or the work is done in benches in manner similar to that 
employed in the underhand stoping of underground workings. These benches 
may be carried with the line of natural slope of the materials, but their line 
should never be advanced at a steeper angle. 

In underground earthworks the level workings, including passageways and sta- 
tions, are supported by earthy materials in the form of the natural rock sides 
and back, as pillars, irregular, round or rectangular, gangway or chain pillars, 
panel pillars and stump pillars, and by pillar-arches. Artificially the level 
workings are supported by earthy materials, as stone in blocks, broken and crushed 
(as masonry, dry and wet, in walls, arches and stulls, and as waste-filling and 
waste-stowing), brick (masonry, wet, in walls, arches and pillars), and cement 
(in walls, arches and pillars, or applied as a thin coating in successive layers) ; 
by metallic supports, in which the single piece, the half, three-quarter and full 
sets, and all parts thereof, the arched, the cylindrical and the oval workings are 
formed of structural iron and steel plates and beams; by timber, of which the 
single piece, the half, three-quarter and full sets, the arched and saddleback sets, 
are framed as special parts for specific purposes; and by combination supports, as 
of earthy materials and metal or timber and of metal and timber. 

Of the inclined and vertical passageways the inclined shaft, of one, two, three 
and four compartments, is supported by the earthy materials in the form of the 
natural rock in place and, locally, as side pillars. Artificially the inclined shaft 
is supported by stone, brick and cement, walls and pillars, with or without cap- 
plates; by wall-plates, centers and posts of structural iron and steel; and by 
timber supports in the form of wall-plates, center-plates, posts, cap- and sill- 
plates, and as girts, with all parts framed, located and aligned with exactness. 

The vertical round and elliptical shafts are supported by the earthy materials 
in the form of the natural rock in place, and artificially by stone, brick and 
timber tubbing, with bearing rings and exterior coffering. 

The vertical rectangular shafts, single and double width, of one, two, three, 
four, five, and six compartments, are supported by the natural rock in place, in 
which case framing is often put in for the purpose of carrying the guides for 
cages and skips; and artificially by metallic supports in the form of wall-plates, 
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centers, and posts of structural iron and steel, and by timber supports in the form 
of buntons, wall-plates, center-plates, and posts, with all parts framed, located 
and aligned with exactness. 

Raises and winzes, which are the interior pocace passing from level to level, 
usually within the deposits containing materials of economic value, are often 
supported by timber frames similar to those of the inclined and vertical rectangu- 
lar shafts, but sometimes the supports of these workings are made a part of the 
usual framing of the extraction places within which they frequently form pas- 
sageways. 

Of extraction places, the horizontal deposits are supported by earthy materials 
in the form of the natural rock in place, as pillars (irregular, round or rectangu- 
lar, shaft and gangway pillars, panel and boundary pillars), and as pillar-arches. 
Artificially such deposits are supported by the earthy materials as stone in 
blocks, broken and crushed (masonry, dry and wet, in the form of walls, pillars, 
in pens and stulls, and as waste-filling and waste-stowing; brick (masonry, wet, 
as pillars and arches and walls), and cement as walls and pillars; metallic sup- 
ports in the shapes of hollow cast cylinders of iron and steel and certain structural 
beams that may be used as props; timber supports, wherein round timbers are 
employed for use as props and are likewise used in crib and pen, squared timbers 
being also used in the open pen; and combination supports, in which waste- 
filling and stowing is used in connection with the timber pen. 

Within the inclined and vertical deposits and. masses, as regards the earthy 
materials, the natural supports to the roof and sides and to the hanging- and 
foot-walls are furnished by the natural rock in place, either that of the exterior 
rock or that composing the deposits that is left in position in the shape of pillars 
of various dimensions and forms, the artificial earthy supports being those earthy 
materials that are employed as waste-filling and waste-stowing within the open 
places. Timber furnishes the greater part of the artificial supports in the extrac- 
tion places of the inclined and vertical deposits and masses, wherein it is used in 
various forms. The stull is but the adaptation of the prop to the uses of the 
inclined and vertical deposits, and similarly its province is to support the weight 
of the hanging-wall upon the foot-wall. In steeply inclined deposits, where either 
the hanging- or foot-wall is weak and inclined to fall away without intermediate 
support, a post is often placed beneath the stull to hold it in place and to support 
intervening ground between two stulls, the post being supported at the other 
extremity upon the stull beneath, thus forming the three-piece or three-quarter 
set, the full or four-piece set being a similar adaptation of the stull with sup- 
porting posts beneath either end to the set frame within the extraction places and 
employed when the rock of both walls is of too weak a nature to stand without 
such support. 

A still further development of the set to the’ uses of supporting the extraction 
places brings us to the square-set, now so generally employed among the metal 
mines for the support of wide veins and the irregular mass deposits. Here the 
system applies the unit to the support of excavations, and this unit consists of the 
single square set, the parts being so framed that the set may be placed in position 
wheresoever it may be needed, either singly and alone or in combinations large 
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er small and in any direction, dropping the units in following upward with the 
hanging-wall of the deposit or in leaving a pillar in position in barren ground, 
and adding units laterally with the inclination or dip of the foot-wall, the system 
expanding laterally, longitudinally and vertically with the excavations as desired. 
These units consist of hollow blocks or squares made up of framed pieces of 
timber of desired dimensions, those upon the bottom or sill floor being made up 
of single- and double-post sills, sill-girts, posts, caps and girts, while the units 
or sets upon the floors above are composed of posts, caps and girts, the cap and 
girt of the set on the floor beneath forming the sill timbers of the upper sets. 
In following upward along the foot-wall and as a means of adding units exterior 
to the system laterally a combination of sill and cap, called the cap-sill, is em- 
ployed, which is usually supported upon the solid material of the wall and which 
in turn supports the units above. Almost invariably the units of the square-set 
system are vertically placed within the deposits, but there are instances where the 
placing of the timbers at an inclination and along the line of dip of the vein has 
been successfully done and possibly more satisfactorily than the vertical method 
would work to the desired end because of the characteristics of the deposit. 
Cribbed pens and bulkheads are sometimes constructed within the extraction 
places, and they are often invaluable as a means of supporting the rock overhead. 

The combination supports as applied to these classes of deposits comprise the 
use of timber and the earthy materials, especially the broken, crushed and disin- 
tegrated stone that is employed as waste-filling and waste-stowing and which is 
filled in or built up simultaneously with or subsequent to the processes of locating 
in place the timber systems. 


SPECIAL EQUIPMENT. 


The surface equipments for level workings are the portals for adits and tun- 
nels; and for inclined and vertical workings, the collar or top arrangements of 
vertical and inclined shafts, the tower-sills, for supporting the upper sets of 
vertical rectangular shafts in loose material until firm ground is reached with the 
supports, and the methods of locating the shaft collars to any desired height 
above the level of the surrounding plain, either by the regular shaft framing 
or by the more substantially built up cribbed frame that is filled and rendered 
solid by waste and broken stone. 

The underground equipment consists of: for the level workings, the gates and 
gateways of chutes for the loading of cars in the passageways, and for stations it 
consists of the rooms for the location of pumping plants, the sump-tanks and 
lodges for collecting water at the various levels, and the port ropeways above for 
the purpose of giving added height to shieve-wheels within the shafts for sinking 
purposes; for inclined and vertical passageways, of shafts, the guides of timber 
and of rope for carrying and holding in proper position therein the cages and 
skips and buckets, the pentice of natural rock and of timber bulkheads within the 
shaft for the protection of the men engaged in sinking, the timbers and iron plates 
for protecting the shaft supports during the blasting of hard rock in sinking, and 
ihe hanging bolts for retaining the shaft sets in position during the processes of 
locating and blocking them in place; for the extraction places, the methods of 
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supporting waste-filling above the drifts by drift sets and by stulls, and in the 
square-set system, the methods of constructing bends and turnouts in the drifts 
of square-set timbers by swing-girt, by turning-sheet, by enlarged junction-set 
reduced to normal size above, by angle-braced support over the drift, and by the 
independent-drift sets, and the methods employed for making connections be- 
tween stopes in narrow and in wide deposits and of supporting the waste-filling 
above during the process; and as regards the question of special equipment there 
are the methods of underground storage by ore and waste chutes, by ore bins, 
and of storing waste rock in the shaft during sinking. 


MANIPULATION OF SUPPORTS. 


As regards the handling of supports and their transportation underground there 
are the methods commonly employed in the horizontal workings, in the level 
passageways and extraction places; and in the inclined and vertical workings, the 
methods used in shafts and in raises and winzes and those employed within the 
extraction places of deposits. 

As regards the locating and aligning of supports: in connection with the level 
workings there are the ordinary methods of procedure in normal ground and the 
special methods employed in soft and heavy and in running ground, both in 
passageways and stations; in connection with inclined and vertical shafts of all 
shapes and sizes there are the ordinary methods of procedure for locating and 
aligning the parts in normal ground and the special methods employed in soft and 
heavy and in running ground; and in connection with extraction places there 
are the methods of locating the props and stulls, of building up the cribs and 
pens, of placing the sets, and the ordinary and the special methods of procedure 
in building up the square-set units to suit the demands of the occasion, dependent 
upon the normal and abnormal characteristics of the ground. 

As regards the reinforcing of supports: in connection with the level workings, 
for both passageways and stations there are the inner reinforcing sets, the dou- 
bling-up sets, the inner and exterior saddleback and arch, and the exterior pieces, 
as caps and posts; in connection with inclined and vertical shafts there are the 
exterior plates and the bulkhead plates ; and in connection with extraction places, 
for horizontal deposits there are the prop batteries, for inclined and vertical 
deposits there are the wall-posts with stull and stull batteries, and for wide veins 
and mass deposits in connection with square-sets there are the three-quarter and 
full reinforcing sets, angle-braces variously applied, the combination of rein- 
forcing set and angle-brace variously applied, the brick-work bulkhead and the 
solid bulkhead. 

As regards the easing and relieving of supports, in heavy and in swelling 
ground: in connection with the level workings, for passageways the exterior 
easing-cap and post with strut and used with open lagging, the exterior-triangle 
easing set with open lagging, the spreading-post set with open lagging, and for 
stations, the exterior cap and post with struts and open lagging, and the exterior 
saddleback with open lagging; and in connection with inclined and vertical shafts, 
for inclined shafts there are the exterior cap-plate and the exterior post-plate 
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with struts, and for vertical rectangular shafts there are the exterior stringer 
easing-sets and the exterior wall-plate easing-sets. 

As regards the repairing and replacing of supports: in connection with level 
workings, there are the methods employed to support the ground during the 
operations, those used in removing the old supports and in placing the new sup- 
ports in position; in connection with inclined and vertical shafts, there are the 
methods employed in supporting the ground during the operations and those used 
in removing the old supports and in placing the new supports in position, the 
methods of bringing the shaft into alignment and the wall-plates to their proper 
relative positions, horizontally or otherwise, and the methods of handling caved 
ground in the vicinity of shafts; and in connection with extraction places there 
are the methods to be employed in recovering lost and caved ground. 


ASD 
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ALLOWS AS SOLUTIONS? 


By JOHN ALEXANDER MATHEWS. 


For a student either of metallurgy or history, it is not necessary to adduce 
evidence to show that the knowledge of how to extract metals and to fit them 
for use is of great antiquity. The people living long before the Christian era 
knew that mixed metals often possessed properties very different from those 
of the constituent metals, and they apphed this empirical knowledge to the 
reduction of metals from their ores and to the production of alloys from the 
metals thus obtained. Nevertheless a knowledge of the molecular constitution 
of these substances was lacking until within a very few years, and if any of 
the scientists of even as late a day as the first half of the last century had any 
conception of the truth in regard to alloys, the means of experimentally confirm- 
ing their speculations had not yet been evolved. But had the means been avail- 
able, it'could not be expected that the difficult problems of molecular physics, 
which a study of alloys involves, would have been solved until a molecular theory 
of the constitution of all matter had been enunciated, nor could it have made any 
progress before the period of chemical reform begun by Lavoisier, the period 
of quantitative investigation. But only recently, even in this period in which 
we still labor, have the relations of physical properties to chemical constitution 
attracted both chemists and physicists to concerted activity, and in this field 
of investigation alloys were slow to yield fruitful results. Physical and chemical 
methods of research, which were entirely satisfactory when applied to bodies of 
other kinds, failed utterly to afford a rational explanation of the molecular con- 
ditions existing in alloys. The solution of these problems required new methods 
and new apparatus. Fortunately, these are at hand; they have been slowly evolv- 
ing and the past decade has been most fruitful of results. 

With few exceptions, the great leaders in this new branch of applied science 
belong to the contemporary school of English and French physicists and metal- 
iurgists, a résumé of whose achievements is given in the pages that follow. 

A most potent factor in this recent progress has been the official recognition 
of the necessity of study along these lines. More than 10 years ago the Institu- 
iion of Mechanical Engineers of Great Britain appointed an Alloys Research 


a Reprinted with some modifications from the Engineering and Mining Journal, Dec. 21 and 28, 1901. 


V24 THE MINERAL INDUSTRY. 


Committee, which receives financial assistance from the institution; five reports 
have been published by it, and a sixth report is, I believe, about to appear. It is 
in connection with the work of this committee that Sir William Roberts-Austen, 
his pupils and the co-workers of his staff have produced such excellent work, 
especially in pyrometry and in explaining the complicated changes, allotropic 
and otherwise, which steel and cast iron undergo. 

The practical operations of annealing, tempering, hardening, etc., can now be 
conducted upon a scientific and rational basis. The effects of thermal operations 
can be ‘predicted accurately and desired results obtained unfailingly. It would 
be too much to say that all this is due to this committee alone; but if we include 
also the committee of the British Association, appointed to investigate the nature 
of alloys, of which Mr. Neville is chairman, and the “Commission des Alliages,” 
of the Société d’ Encouragement l’Industrie Nationale, as also sharing the honors 
of recent great advances in both our theoretical and practical knowledge of alloys, 
then we have recognized the three most prolific contributors to our knowledge of 
metallic mixtures. While giving these official bodies full credit for their dis- 
coveries, we would not detract in any way from the honor due to many individual 
workers not connected with committees who are scattered through many lands. 
It is safe to say, however, that the larger results of the concerted work of com- 
mittees has had a stimulating effect upon the private worker. One of the greatest 
evidences of appreciation of the necessity for research in connection with alloys 
is that nearly every railroad in France and many metallurgical concerns con- 
tributed to sustain the work of the “Commission des Alliages.’’ 

The purely scientific reasons which have made possible the recent advances 
in alloys research seem to me to be: (1) An increased knowledge of solutions. 
For this we are undoubtedly indebted in very great measure to the great Dutch 
and German physical chemists—Van’t Hoff, Roozeboom, Ostwald, Nernst and 
others. (2) The development of metallography. This seems to have originated 
with Dr. Sorby, of Sheffield. Although he wrote about the microstructure of 
meteoric iron as early as 1864, the progress of metallography was very slow. 
Only within the past 10 or 15 years have even metallurgists begun to recognize 
what a valuable aid to research it is and unfortunately the manufacturers have. 
not yet given it just recognition. Recent progress in this branch of applied 
science is most closely attached to the names of Stead, Martens, Osmond, 
le Chatelier, Charpy, Roberts-Austen, Howe and Sauveur. (3) Improvements 
in pyrometry. The study of metals, alloys, furnace reactions, etc., was re- 
tarded for many years because of the lack of the suitable means of measuring 
accurately very high temperatures. Such means as have been available 
for these purposes in past years were not suitable for general use around 
shops and metallurgical works and were inconvenient even for the labora- 
tory. Now, however, there are at least two reliable pyrometers which are con- 
veniently manipulated and lend themselves readily to accurate measurements of 
high temperatures. The Siemens electrical resistance pyromefer, as perfected 


by Callendar and Griffiths, gives wonderfully accurate readings within certain 
limits. For use both in the laboratory and in the factory it does not seem as 
popular—in the United States at least—as the Le Chatelier thermo-electric 
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couple. The very accurate work of Messrs. Heycock and Neville is perhaps as 
good a recommendation for the possibilities of the electrical resistance pyrometer 
as can be cited. The particular advantages of the thermo-electric couple as ap- 
plied to alloys research are—its accuracy at high temperatures, its ability to be | 
used with very small masses of heated substances, and, indirectly, its ability to be 
used in conjunction with a photo-autographic recorder, as has been so well 
demonstrated by Sir William Roberts-Austen. 

Crystalline Growth in Metals.—Before entering upon the consideration of 
alloys, it may be well to note a few general properties of metals, particularly 
their mode of crystalline growth and the effects of strain. To both of these sub- 
jects Prof. Ewing and Mr. Rosenhain have given much attention and have ex- 
plained the phenomena of these operations very clearly. They state that all solid 


metals are crystalline, even though when examined by the microscope the indi- 
vidual crystals or crystalline grains may not present a simple geometrical outline. 
The essential point is that the particles composing the mass of a crystal lie in one 
direction, #.¢., have the same plane of orientation. Mr. G. T. Beilby read 
a paper at the meeting of the British Association held in Glasgow, September, 
1901, upon “The Minute Structure of Metals,” and cites evidence to show that he 
has identified minute spicules or scales showing remarkable uniformity of size 
and appearance in metals of all the leading groups. These under mechanical treat- 
ment may be converted into transparent glass-like substance and may again re- 
appear as spicules unchanged in size. The diameter of the scales is estimated to 
vange from 1-300 to 1-400 of a millimeter. The metals examined by Mr. Beilby 
include gold, silver, platinum, cobalt, nickel, chromium, iron, copper, lead, bis- 
muth, antimony, tin, cadmium, magnesium, aluminum, zine, and sodium. 
Brasses and bronzes were also examined. The author says that the crystalline 
faces and cleavages of such metals as antimony, bismuth and zine exhibit the 
came features as the softer and more malleable metals, being covered with a 
film of transparent metal, while in fractures at right angles to cleavage planes, 
scales are distinctly seen. Mr. Beilby’s conclusions are: “The persistence of 
these minute scales or spicules under all kinds of mechanical and thermal 
treatment, the remarkable uniformity of their size and appearance in metals 
of all the leading groups, their disappearance into the transparent form and their 
reappearance again, apparently unchanged in size or otherwise, seem to afford 
fair ground for the conjecture that they are in some way definite units in the 
structure of metals.” 

It may be that these are the “units” whose arrangement in certain definite 
orders constitutes crystals, and this similarity of disposition of particles is what 
constitutes orientation. Prof. Ewing explains crystallization in metals in this 
vay: the formation of crystals must be assumed to start simultaneously at many 
points. The crystals grow until they touch one another, and, although individual 
crystals are similar, it is not necessary that the corresponding axes of any two 
of them lie in the same plane. No doubt each crystal is of perfect form so long 
as it is free to grow in all directions ; when the crystals touch, their symmetrical 
erowth is hindered, but the orientation of the subsequent particles which attach 
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themselves is not changed. It is for this reason that orientation? rather than 
geometrical outline is considered the essential feature of crystalline growth. 
In the case of commercial metals, more or less impure, the impurities are cast 
out by the growing crystals, and being in fact alloys of the admixed metals with 
the still fluid principal metal, they have a lower melting point than the pure 
metal. Therefore, they solidify last and form an investing cement which holds 
together the primary crystals. 

The Effect of Strain —When a polished metal is subjected to strain there is 
no change noticeable until the stress exceeds the elastic limit. When, however, 
the plastic stage is reached, there will appear dark lines more or less perpendicular 
to the direction of stress. This, Prof. Ewing® says is not due to fissuring, for 
by changing the direction of the rays which illuminate the specimen under obser- 
vation from vertical to oblique, it will be seen that the erstwhile dark lines appear 
light, while the background has changed from light to dark. Fissures would not 
lave reflected light in any case; the permanent elongation is due to slipping of 
the components of the crystals past each other. That is, the surface which was 
criginally plain, presents, after stress has been applied beyond the elastic limit, 
the appearance of minute steps. It is as though one should take a pack of play- 
ing cards with their ends presenting a smooth surface. Now if the thickness of the 
pack of cards were one inch, and the pack were bent, the end surface of the pack 
would measure more than an inch and would consist of little steps, not only the 
ends, but also a part of the flat surfaces of the cards being exposed. 

In the case of metals, the slip-lines need not necessarily le in one plane. As 
many as four sets of parallel slip-lines have been noticed by Prof. Ewing. Mr. 
William Campbell worked upon this phenomenon independently at about the time 
that Prof. Ewing was making his preliminary observations. He experimented 
with tin, while Prof. Ewing worked chiefly with lead, and it is interesting to 
note how completely their results agree. 

The growth of crystals from a solidifying molten mass is easy to comprehend, 
but why is it that crystals grow in a solid mass of metal not only by annealing 
but even at ordinary temperatures ? Big crystals actually consume the little 
ones. A bit of rolled tin which was allowed to stand for eighteen months at 
ordinary temperatures in the laboratory showed a marked change in appearance, 
due to growth of its crystals. If a specimen of tin is put upon a hot plate and 
heated to, say, 200°C. for ten days, a growth such as is shown in fig. Lis 
obtained, which shows the tin before and after annealing. This photograph is 
one of Mr. Campbell’s, and is a little under actual size. It also shows very well 
the different orientation of the crystals. In fact, the growth of these crystals 
was so rapid that a micro-section through them reveals slip-lines, probably due 
to this rapid growth. The fact that the slip-lines are only parallel within the 
same crystal seems to confirm this view, for, had the stress been applied longi- 
tudinally by artificial means all the slip-lines would have been more or less 
normal to the direction of the stress. 

2 Howe, The Metallographist, January, 1902. 


§ Ewing and Rosenhain, Philosophical Transactions of the Royal Society, CXCIII., p. 358, or The Metal: 
lographist, 1900, p. 94 


Fig. 1. Tin, Before and After Annealing. Fig. 4. Change in Structure of Alloy 88.7 % 
Cu. and 11.3% Al. when slowly cooled to 


R00, “C. 


Pig. © P); 


Slip Lines in Steel Resulting from Strain. 


Fig. 11, > §0.4 ob, 50 7, Al x/33 diameters: 
oblique. Crystals of Sb Al increasing in size 
and amount, ground mass decreasing. 


Fig. 10. 20% Sb, 80% Alx 33 diameters, 
oblique illumination, shows crystals of Sb Al 
in granular ground mass of nearly pure Al. 


Fig. 33, 85 2b, ih 4 Alex 33, diameters, 
vertical illumination. We have passed the 
summit of the curve; the ground mass of alu- 
minum has disappeared, and some free anti- 
mony is seen. 


Fig. 14. .95-%:Sb, 54% Al x.33. diameters; 

: oblique. Sb Al crystals diminishing in quan- 

Fig. 12. 82% Sb, 18% Al x 16 diameters, tity, and ground mass of Sb—probably con- 

vertical illumination. This photograph shows _ taining a little Sb Al in solid solution—is con- 
nearly pure Sb Al. spicuous, 
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With regard to the growth of crystals in strained metals when they are sub- 
sequently warmed, Mr. Rosenhain has offered this explanation: In strained metals 
the layer of enveloping alloy surrounding the separate crystals becomes broken, 
and the difference of potential between the metal and the alloy set up by electro- 
lytic action causes a solution of the crystal on one side of the alloy and a deposit 
on the adjoining side. This he verified by the following experiment: ‘Two 
pieces of lead were scraped clean and welded by the application of great pressure. 
A micro-section through the weld showed that the crystals in neither piece ex- 
tended across the weld. When, however, between two such surfaces a little 
powdered tin was sprinkled and pressure applied, a micro-section revealed that 
electrolytic action had taken place and that crystals from either side extended 
across the weld. Ingenious as is this explanation, yet I am not certain that the 
proof is conclusive. If I mistake not, at the last Cantor lectures before the 
Society of Arts,* Roberts-Austen and Rose showed crystals of gold extending 
across a weld, although the purest standard gold was used in the experiment. 
In fact long annealing of this gold obliterated the weld almost completely. 

The effect of strain is very beautifully shown in the accompanying figures. A 
piece of very pure steel—0:035% C—was bent double in the cold. The magnet- 
shaped bar was then sectioned through the middle, parallel to the plane of 
bending. Upon polishing and etching it was seen that the ferrite (pure iron) 
vrystals on the inside of the bend showed the effects of compression. The crystals 
upon the outer edge being under great tension were stretched, while the crystals 
near the center, or so-called neutral area, were practically unchanged in shape, 
although slip-lines may be faintly discerned running through them. Figs. 14, 
1B, and 1C show these three conditions, but the slip-lines are much better shown 
in Fig. 1D, which represents the neutral area of a similar rod of 5% nickel steel 
(0°2% C). The slip-lines traversing the large grains of ferrite containing nickel 
and the surrounding pearlite are plainly shown. 

Freezing Point of Metals——With water and many other liquids we know that 
it is quite possible to lower the temperature to a considerable amount below their 
freezing-point without the separation of any solid. On the other hand, it is not 
known that any solid may be heated above its melting-point without becoming 
a liquid. The property first mentioned is known as surfusion. On account of 
this phenomenon it would be theoretically preferable to determine the melting 
rather than the freezing-point of metals, but practically this is a very difficult 
task, while freezing-points are in most cases easily determined and surfusion need 
uot interfere with their accuracy in the least, for when solid matter begins to sepa- 
rate from a pure liquid thus cooled, the temperature rises rapidly to the true 
freezing-point and remains constant until the whole mass is solid. Sir William 
Roberts-Austen cites an instance in which tin was cooled 20°C. below its freezing 
point without solidification, and I have frequently observed the same result in tin 
and some other metals; antimony is especially apt to show surfusion. I have 
repeatedly observed antimony show thirty-five degrees of surfusion, i.e., the 


4 Journal of the Society of Arts, 1901, p. 851. 
5 Mathews, Journal of the Iron and_Steel Institute, Vol. I., 1902. 


728 THE MINERAL INDUSTRY. 


metal, still molten below 600°C., suddenly becomes heated again to 632°C., and 
remains at that temperature until completely solid. 

In working with metals the first point at which solids separate is taken as 
the freezing-point, and surfusion need not obscure this point, particularly if an 
autographic record of the cooling curve is taken. If we plot a typical cooling 
curve of a pure metal, using temperature and time as the co-ordinates, we obtain 
a curve represented by A B, Fig. 2, having two very distinct angles, while a por- 
tion is horizontal, 7.e., the temperature remains constant during the whole period 
of solidification. If surfusion takes place, and it is more common in pure metals 
than in alloys, the curve A’ B’ represents what happens. The temperature falls 
below the real freezing-point, and then rises abruptly to that point and remains 
constant as in A B until solidification is comiplete. In impure metals—and since 
the impurities are usually metallic, they are really alloys—the temperature does 
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not remain constant at all, but a decided change in direction is noticed indi- 
cating the point at which solidification commences as shown in A” B”. The 
greater the amount of impurity, the more rounded will appear the cooling 
curve. Since these are really the curves of alloys and solid solutions, they 
will be explained at greater length subsequently. This third type, A” B” is 
introduced here because it shows that the nature of the cooling curve gives us a 
clue as to the purity of the metal under examination. To explain surfusion, we 
need only remember that fusion is always attended by absorption of heat and 
solidification by evolution of heat. When a “surfused” substance begins to 
solidify it disengages heat and the temperature rises until the melting-point is 
reached. No further rise takes place because at this temperature only, liquid and 
solid are in equilibrium. Any further change of liquid to solid or solid to liquid 
niust be effected by abstracting or adding heat. In practice, either heat is lost 
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by radiation and the whole mass solidifies, or is supplied by artificial warming, 
and the whole mass becomes Liquid. 

Binary Alloys.—Having now noted some of the properties of pure metals we 
may next consider what happens when two metals are melted together. We shall 
not at this time consider tenary or more complex alloys. The first thing noticed 
upon melting together two metals is that (1) they mix in all proportions, or 
(2) they do not. In the first instance, under proper conditions an approxi- 
mately homogeneous solid mass is likely to result when the molten alloy is cooled. 
In the second case, on cooling it will be found that the metals have separated 
into layers, the lighter metal on top. Each layer, however, will be found upon 
analysis to contain a certain amount of the other metal in solution, just as ether 
and water dissolve small quantities each of the other. As between certain metals 
and solid non-metallic elements it seems as though they were absolutely insoluble 
in one another at ordinary temperatures, although they may be quite soluble at 
high temperatures. For example, M. Moissan tells us that metals of the platinum 
group readily dissolve several per cent. of carbon at the temperature of the 
electric furnace, but cast it all out as graphite on cooling. It has not yet been 
determined whether the graphite, which separates in cast iron, contains iron or 
not. It seems to me that we shall come nearer the truth if we consider such 
cases as solutions of almost infinite dilution, rather than as absolutely pure metal 
cr non-metal. 

We have just spoken of metals dissolving metals, and it is this conception of 
alloys as solutions—solid solutions—that has been steadily progressing in favor 
ir recent years and which we hope both to explain and to confirm by citing the 
results of the experiments of many investigators. Very striking analogies exist 
-hetween ordinary solutions and alloys; in fact, to point out these similarities is 
{o give our present conception of the constitution of alloys. 

Solid Solutions—This expression is due to Van’t Hoff, but Roberts-Austen has 
done most to make it familiar to metallurgists. Our text-books upon physical 
chemistry contain much information upon the subjects of solutions of gases in 
liquids, liquids in liquids, and solids in liquids, but are for the most part silent 
upon the subject of the solutions of solids in solids. The extension of our knowl- 
edge upon this subject is very recent and mostly confined to technical periodical 
literature of recent dates. Prof. Roozeboom and his pupils have carried on re- 
searches upon the nature of fused mixtures of salts and their behavior upon cool- 
ing. This work throws considerable light upon the problems of chemical equilib- 
rium in alloys. As defined by Sir William Roberts-Austen a solid solution is “e 
homogeneous mixture of two or mire substances in the solid state.” In metals 
no one has worked as yet with non-crystalline mixtures, and solid solutions of 
metals when crystalline are solid “isomorphous mixtures,” or “mixed crystals.” 
The use of these three terms to denote one condition is confusing and unnecessary, 
and as objections exist to the last two synonyms, their use should be discontinued. 
The term “mixed crystals” is particularly apt to convey a wrong impression to 
one who sees this name for the first time, especially if it is unaccompanied by a 
definition or explanation. 
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Mr. Stead, in the Journal of the Iron and Steel Institute, 1900, classifies solid 
solutions as follows :— 

(1) Those in which one constituent of an alloy in erystallizing retains a por- 
tion of the other homogeneously diffused through its whole crystalline mass. 

(2) Those in which during crystallization the central portion of the crystals 
contains less of the dissolved substance than their external boundaries. 

(3) Those in which the metals form a definite compound, which is retained 
in solid solution in the excess of metal or metals. I should like to add that 
the “compound” may be the “‘solvent,” in the sense in which those terms are 
here used. 

The condition described in (2) is that of an unstable system. Crystallization 
has taken place more rapidly than diffusion, and in such cases where crystals 
are not of uniform composition from center to outside complete homogeneity 
could probably be obtained by annealing. Mr. Stead adds a fourth class. (4) 
Those in which the non-metallic elements form definite compounds with a portion 
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of the dissolving metal that remains in solid solution. This class would include 
the property of metals, such as iron and copper, to dissolve a portion of their 
oxides. Such solutions have been little studied, but HK. Heyn® finds that the fusi- 
bility curve for solutions of cuprous oxide in copper is of the type of the freezing 
point curve of salt and water and shows a eutectic. 

In the case of metals which do not mix in all proportions, the two layers 
formed on cooling consist of solid solutions belonging to one of the types just 
mentioned. Some of the pairs of metals which do not mix in all proportions 
at ordinary temperatures are Zn-Pb, Zn-Bi, Pb-Al, Bi-Al, Cd-Al. These have 
all been studied by Dr. Alder Wright,’ and Mr. Campbell® and myself have re- 
peated and verified a part of Dr. Wright’s work upon the aluminum alloys. In 
all these pairs of metals the relative solubility is a function of the temperature; 
therefore, it appears likely that at some temperature solubility is complete. 
Accordingly we may represent the condition existing between these and any other 
similar pairs of metals by a “critical curve” (Fig. 3). A and B are the metals 


6 Bulletin de la Société ad’ Encouragement de Vv Industrie Nationale, 191 (2), p. 276. 
7 Proceedings of the Royal Society, 1889-1893. 
8 “The Alloys of Aluminum,” Journal of the American Chemical Society, 1902, p. 258. 
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which are not entirely miscible at ordinary temperatures, but which form layers, 
The metal A contains the quantity of B represented by the space Aw on the com-~ 
position line. Similarly the metal B contains B y uer cent. of A. With increas- 
ing temperature the mutual solubilities increase, and at a temperature z there is 
but one solution. Alloys represented by percentage compositions, which fall 
outside the curve x zy are homogeneous. Those whose composition is represented 
by percentages within x zy may be considered as similar to emulsions at all tem- 
peratures below the curve at which they are liquid. They are incapable of re- 
maining homogeneous. To such alloys, Sir George Gabriel Stokes gives the name 
of ideal (t.e., unreal, imaginary) alloys while those falling outside the area xzy 
he calls real alloys. The distinction between such pairs of metals as form sepa- 
rate layers on cooling, and the more or less laminated or striated structure pro- 
duced upon solidification of eutectic alloys, will be pointed out later. 

Molecular Freedom in Solids—It must not be supposed that because certain 
bodies are designated “solid” that entire absence of molecular mobility is im- 
plied. Such an idea is far from the truth; the difference in mobility of the 
molecules in “solids” and “liquids” is one of degree only. On the boundary be- 
tween solids and liquids substances are said to be viscous or plastic. Just as 
crystals of a soluble salt placed in contact with water tend to become dissolved 
and uniformly distributed throughout the solvent, so metals, even at normal 
temperatures, tend to form uniform solutions; this tendency, though shght, is 
none the less real. Metals even tend to evaporate and to be surrounded by their 
own vapor. Robert Boyle thought that “even gold” had its “little atmosphere.” 
From analogy with salt solutions we may suppose that one metal dissolved in 
another shows a small expansive tendency to escape from solution ; in other words, 
exhibits osmotic pressure. : 

Prof. W. Spring, of Liege, demonstrated the fluidity of solids, if I may use 
that expression, in his famous experiments upon the behavior of metals under 
exceedingly high pressures—ten thousand atmospheres, more or less. He showed 
that by pressure alone :— ; 

(1) Metals can be made to flow. The familiar operation of striking coins 
illustrates this property of metals and alloys. A medal has recently been struck 
in steel. 

(2) Solids, both metals and salts, like liquids and gases, possess perfect elas- 
ticity and suffer no permanent diminution in volume by pressure. Strain, tor- 
sion or bending may produce permanent deformation in a metal or alloy, but 
there is no limit of elasticity in regard to diminution in volume, for when 
the pressure is removed the solid assumes its original volume. An exception to 
this is cited by Prof. Spring in his next generalization, viz. :— 

(3) Allotropic changes may result from pressure. Prismatic sulphur becomes 
octahedral sulphur and amorphous arsenic becomes crystalline. In both these 
cases the second allotropic form is denser than the first, and from these and other 
experiments Prof. Spring argues that allotropic transformations by pressure show 
that matter takes the state which corresponds to the volume it is obliged to occupy. 
Moissan’s brilliant experiments upon the production of artificial diamonds illus- 
trates this principle. 
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(4) Metallic filings are converted by pressure alone into solid masses, just as 
if they had been fused. Similarly mixed filings yield alloys: e.g., brass was pro- 
duced by compressing clean, flat surfaces of zinc and copper. Reactions of double 
decomposition between dry salts and the production of the highly colored regulus 
of Venus (Cu,Sb) show that not only intimate agglutination, but also chemical 
combination may take place between bodies in the solid state. I have confirmed 
some of Prof. Spring’s results, but was unable to produce several typical inter- 
metallic compounds as Au Al,, Sb Sn, Sn Cuy, ete. 

Prof. Roberts-Austen has demonstrated the fact of molecular mobility among 
solids in a prolonged series of very beautiful experiments upon the diffusion of 
gold into lead at temperatures from 250°C. down to the ordinary temperature. 
Graham showed long ago that gold diffusing into molten lead, tin, etc., obeyed 
Fick’s law, 


dv 0 @ 

ew 8 
where z is the distance through which diffusion takes place (against gravity), v is 
the concentration of the diffusing metal, ¢ = time, and K is the diffusion constant, 


v.e., the quantity of metal in grams diffusing in unit of area (1 cm.?) in unit 
of time (1 day) when unit difference of concentration (in grams per cm.*) is 
maintained between the sides of a layer 1 cm. thick.? That is, metals dissolve in 
metals, just as salts dissolve in water. Were it not for the operation of this 
law it would not be such an easy matter to prepare homogeneous alloys. For 
instance, with relatively little stirring and relying upon diffusion, it is very easy, 
according to Sir William Roberts-Austen to make 1,200 oz. of coin gold alloy, 
the first and last pourings of which shall not differ by more than 1-10,000 part 
in fineness. The idea that interchange of matter can take place between solids 
is not a new one, as is shown by the cementation process of the ancient Hebrews 
by which gold was purified. 

The experiments upon the diffusion of gold into solid lead, which Roberts- 
Austen has recently reported to the Royal Society, may be summarized as fol- 
lows:— “* 

Gold placed in the bottom of a tube filled with lead and maintained at 250°C. 
(79° below the melting point of lead) appeared at the top in notable quantities 
ina month. At 100°C. the rate of diffusion was 1-100,000 of that in fluid lead, 
and in solid lead at the ordinary temperature, allowed to stand in contact for four 
years, unmistakable signs of diffusion took place, but its rate was such that in one 
thousand years the diffusion would equal that taking place in one day in lead 
just molten. 

Fig. 4 shows another sort of change which may take place in solid materials. 
An alloy containing 88-7% Cu and 11°3% Al corresponds closely to the compound 
Cu,Al. It should, therefore, appear almost homogeneous, and so it does when 
quickly cooled. When slowly cooled, however, it changes at 500°C., or nearly 
600° below its freezing point, and presents the variegated appearance shown in 
Fig. 4, which no metallographist would care to call a typical structure for an in- 
termetallic compound. 


® See Roberts-Austen, Graham Lecture before the Philosophical Society of Glasgow, 1901. 
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We apply practically the phenomenon of molecular mobility in solids in all 
annealing operations. By this means the ill effects of strain due to sudden cool- 
ing are remedied, and equilibrium is established in articles of metal, glass, enamel 
and other materials. The rate of diffusion of gold in lead at the various tem- 
peratures is an indication of the rapid increase in molecular mobility which 
results by very moderate increments in temperature. This knowledge is applied 
whenever we resort to moderately elevated temperatures in all sorts of annealing 
eperations. Steel is very sensibly annealed at temperatures more than 1,000°C. 
below its melting-point. 

Behavior of Binary Alloys during Cooling from Fused State-—It has been 
stated that metals may or may not mix in all proportions. If they do mix, we 
may further distinguish those cases in which (1) chemical combination does not 
take place, and (2) those in which chemical combination does take place, and 
one or more intermetallic compounds result. The reality of the existence of in- 
termetallic compounds is undoubted, yet, so far as I know, no mention is made of 
them in the standard books on general chemistry. Indeed very little is known 
in regard to the nature of the affinity between metals. It does not seem necessary 
to suppose that the laws applying to combinations between elements or radicals 
which are relatively electro-positive and electro-negative be equally applicable 
here; and our conceptions of valency are seriously shattered if we attempt to 
reconcile them to intermetallic compounds. The difficulties in studying inter- 
metallic compounds are very great, because they are troublesome to isolate, and 
i many of their properties they resemble the metals. Frequently, too, 
they are quite unstable and show marked dissociation. Chemical methods of 
studying them are of very limited application; filtering off solidified inter- 
metallic compounds from a still fluid metallic mother liquor at high temperatures 
presents extreme difficulties and volatilization of the excess of solvent metal is 
rarely applicable. In a few cases the heat of formation can be determined and 
electrical methods by which the potential of binary alloys is compared with that 
of the more positive metal in the alloy may yield important evidence as to the 
solubility of one metal in another in the solid state. The microscopic evidence 
and that of the freezing-point curves require some amplification, for they are not 
wholly satisfactory in this regard. (See Herschkowitz, Zeitschrift fuer Physi- 
kalische Ohemie, Vol. XXVIL., p..113, and Laurie, Transactions of the Chemical 
Society (1888), p. 104.) One great difficulty in studying intermetallic compounds 
by chemical means is that even if definite crystals can be isolated from an alloy 
by using suitable solvents it is found that their compositions vary according to 
the percentage composition of the alloy from which they were obtained. Ap- 
parently identical crystals isolated from alloys of different composition, though 
of the same crystalline form, will usually differ on analysis. In other words, 
crystals need not be composed solely of a definite intermetallic compound. This 
seems to have been the general idea, however, in times past and every worker who 
succeeded in isolating definite crystals from an alloy promptly assigned to them a 
formula. Unless a compound is indicated by the appearance of a summit in the 
freezing-point curve, and unless the alloy corresponds in percentage composition 
exactly to this summit, it is more than likely that the crystals isolated, though 
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isomorphous with those of the compound, are not of exactly the same composition. 
This, in general, no doubt accounts for the “discoveries” from time to time of pos- 
sibly ten Al-Cu compounds and nearly as many Al-Mo compounds of the types 
Rx-R’y, where x and y may be any number from one to twenty. To the same 
category belong the numerous carbides of iron. I have discovered six in the 
literature.—but not in iron,—the existence of all but one of which is denied. 
For this very reason, namely, the improbable existence of most of the intermetallic 
compounds mentioned in technical literature of the past ten years, I hesitate to 
give the formula, WAI,, to some beautiful hexagonal crystals, which are so 
refractory that neither aqua regia, nor aqua regia and sulphuric acid, nor fused 
sodium carbonate scarcely attacks them, and whose composition agrees very closely 
with that formula.’° 

Cooling Curves.—During the cooling of a molten alloy, various constituents 
may crystallize out successively ; definite compounds which are stable only at high 
temperatures may split up into simple constituents ; or, new combinations, impos- 
sible at high temperatures, may be formed as the temperature falls. All such 
molecular changes are accompanied by corresponding thermal effects, such as the 
disengagement or the absorption of heat. By the accurate measurement of the 
temperature at which these changes take place we obtain most valuable informa- 
tion in regard to the molecular movements in the mass. The Le Chatelier 
pyrometer used in conjunction with an auto-photographic recording device seems 
best suited to measure and record these changes. The general principles of 
thermo-electric pyrometry are too well known to require discussion here. For 
reference, however, I could not do better than to refer to H. Le Chatelier and 
O. Boudouard’s volume, Mesure des Températures Hlevées, or to its English trans- 
lation with supplement by George K. Burgess. 

The instruments used by Sir William Roberts-Austen in his private laboratory 
have been described fully in the Reports of the Alloys Research Committee of the 
Justitution of Mechanical Engineers. During several months that it was my 
privilege to work in his laboratory I made use of a recorder designed by Dr. Stans- 
field and constructed by the Cambridge Instrument Company. For a description 
of this, see the Journal of the Franklin Institute, January and February, 
1902. Neither of these forms of recorder is perfect, and many improvements 
will be required to produce an instrument that is entirely satisfactory. Fortu- 
nately it is not the accuracy of these instruments, but certain inconveniences of 
manipulation that are at fault. In using any thermo-couple, with or without 
a recorder, it is necessary to calibrate frequently. The temperatures usually 
taken as “fixed points” are the boiling points of water (100°), naphthaline 
(218°), and sulphur (444°5°) ; the melting points of tin (232°), lead (329°), 
aluminum (655°), gold (1,064°), and copper (1,083°). Not all of these need 
be determined for a single calibration; three or four points if determined with 
great accuracy will suffice. Other points may be determined by way of verifica- 
tion, and it is convenient as well to have a large variety of materials to select 
from so that for any special work the curve may be calibrated by means of 
substances whose melting or boiling points le near the temperatures at which 


10 Journal of the American Chemical Society, March, 1902, 
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we desire to operate. For instance, one would not ordinarily use the tempera- 
tures 100°, 218° and 232° in constructing a curve for use above 1,000°, but would 
choose 655°, 1,064° and 1,083°, or other temperatures in this region which are 
well established as the melting-point of potassium sulphate (1,084°), or sodium 
carbonate (850°). 

In using the thermo-couple to obtain a cooling-curve of a metal or alloy it is 
only necessary to insert the couple, suitably protected by a fire-clay or porcelain 
tube, into the molten mass. A current of electricity is generated whose electro- 
motive force is approximately proportional to the temperature, or rather the cur- 
rent gives us a measure of the difference in temperature between the hot and cold 
junctions of the couple. If now this current be passed through a reflecting gal- 
vanometer, the beam, of light moves rapidly from left to right until it attains a 
deflection proportional to the temperature measured. This beam of light falls 


upon the scale which has been calibrated by the establishment of certain fixed 
points as just explained. If the beam passes through a narrow horizontal slit in 
a recording device, behind which a photographic plate is rising or falling at a 
uniform rate, we obtain a cooling-curve whose co-ordinates are time and tempera~ 
ture. The type of curves given by a pure metal, by surfusion and impure metals 
has already been shown in Fig. 2. Two other classes of alloys give a cooling- 
curve identical with that of a pure metal, viz.: eutectic alloys and intermetallic 
compounds, that is these three classes of substances freeze at a single temperature. 
The nature of a eutectic will be discussed later; suffice it here to define it as that 
«lloy of a series which has the lowest freezing-point, which is constant in composi- 
tion, and which is not a chemical compound of the metals which compose it. In 
Fig. 5, the curve A B represents that of a homogeneous solid solution. It shows 
but one “break,” though the temperature does not remain constant during the 
whole period of solidification, as in the case of pure metals, compounds and 
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eutectics. In A’ B’ is shown a curve with two “breaks,” the upper one resembling 
that of a solid solution and the lower one shows the form of a eutectic. The first 
abrupt change in direction in either of these curves indicates the temperature at 
which solidification begins. As the excess of one metal solidifies the concentration 
of the residual fluid is increased with respect to the metal which is not in excess. 
The ultimate cause of the change in direction is the liberation of the latent heat 
of solution or of fusion. 

As is well known, when concentrated hydrochloric acid (solution of hydro- 
chloric acid gas in water) is boiled, the hydrochloric acid gas evaporates faster 
than the water. If dilute hydrochloric acid is boiled, the water evaporates 
relatively faster than the gas. The inevitable result is that at a certain con- 
centration hydrochloric acid and water vapor leave the liquid at a rate propor- 
tional to their concentration ; thereafter the composition of the liquid: remains 
constant and the boiling point fixed. 

A somewhat analogous condition is that of the solidification of two metals, 
Mand N. Hither of them may be considered as the solvent. If M is the solvent 
and N the dissolved substance, then on cooling such alloy, M crystallizes first 
retaining some N in solid solution. Similarly an alloy containing much N and 
little M begins to solidify by the separation of crystals of nearly pure N contain- 
ing M in solid solution. As M or N begin to separate out in solid form the re- 
maining liquid portions become concentrated in respect to N and M respectively. 
The freezing-point of the remaining liquid is thus continually lowered. Eventu- 
ally either of these classes of alloys reaches a concentration greater than that of 
a saturated solid solution and then there crystallizes out simultaneously two solid 
solutions, one of which is a saturated solid solution of M in N and the other a 
saturated solid solution of N in M. In any one series of metals this takes place 
at a definite fixed temperature which is the lowest freezing-point in the series and 
no matter what the original composition of the alloy, the part solidifying at this 
constant temperature is uniform in composition. This is the “eutectic” alloy; it 
will be considered more fully later in this paper. : 

Some students of alloys consider that at temperatures between the first separa- 
tion of solid and the point at which the residue solidifies as a whole, there does 
not exist a homogeneous condition in the still liquid portions. They liken alloys 
within this range to an emulsion, or conjugate solutions, etc., simply because 
ultimately the mass solidifies in a banded or laminated mass characteristic of 
eutectics. It is not necessary, however, to consider that the two solid solutions 
constituting the ordinary eutectic existed as such in an emulsified state above the 
eutectic point. To be sure, the microscope reveals a very marked separation of 
the alloy into two constituents (when there is any eutectic), usually with charac- 
teristically laminated structure, but these two components show no tendency to 
separate into layers when the alloy is kept for a long time just above its eutectic 
point ; on the other hand, the magnitude of the eutectic structure is markedly in- 
fluenced by the slowness of cooling. Furthermore there is always an evolution 
of heat during the freezing of a eutectic which is very decided and may well be 
accounted for by such a marked molecular rearrangement as the formation of 
a laminated structure from a homogeneous mass would involve, and lastly, we 
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might. cite some concrete evidence on this point which was brought to my atten- 
tion by Mr. William Campbell. As is well known the constituent of steel known 
as martensite which is a solid solution of iron carbide in iron is capable of split- 
ting up at about 690°C. or nearly 800°C. below its freezing-point into the beauti- 
fully characteristic structure known as pearlite; accompanying this change is a 
marked evolution of heat, the critical point Arl of Osmond. If such a decided 
transformation can take place in solid steel, it surely ought not to be thought im- 
probable that a similar one could take place in an alloy at the instant of final 
solidification when the molecular freedom of the particles is doubtless many times 
as great as in the example cited. 

A cooling curve often shows more critical points or “breaks” than simply the 
upper one indicating the initial freezing-point and the one indicating the freez- 
ing-point of the eutectic alloy. Such subsidiary “breaks” are due to molecular 
changes in the solid substance and must often be considered as truly allotropic.™ 
The purest electro-deposited iron shows at least five breaks in its cooling curve 
below the initial freezing-point. Of course there is no eutectic, and so a cause 
must be sought for the other five critical points. The lower two seem to be due 
to occluded hydrogen, while the two occurring at about 766° and 890° probably 
indicate allotropic transformations in the pure iron. It is now quite generally 
agreed that such allotropy exists, and the three varieties are designated as alpha, 
beta, and gamma iron. Metals and alloys which exhibited such critical points 
in their cooling curves will probably show corresponding critical points in their 
thermo-electric or electrical conductivity curves.’* It has been objected that a 
slight change in the direction of a cooling curve is not sufficient evidence upon 
which to base an assumption of allotropy. Perhaps this is a just criticism, but 
if, having found such a critical point in the cooling curve, we further show that 
the material under investigation exhibits a sudden change in thermo-electric 
capacity at exactly that same temperature, and if we find that its electrical con- 
ductivity suddenly changes at that identical point we have considerable evidence 
that above that critical point we are virtually dealing with a new substance. If 
one is still skeptical as to the meaning of this point, the microscopic examina- 
tion of the substance quenched from various temperatures above and below the 
critical point, will usually remove the doubt. 

Molecular Depression of the Freezing-Point of Metals.—In 1889, Prof. Ram- 
sey!® determined the molecular weight of many of the metals by the method of 
measuring the change in vapor pressure when certain known weights of solid 
metals were dissolved in mercury. He also made determinations at the boiling- 
point of mercury. From these experiments he states “that it would appear legiti- 
mate to infer that in solution, as a rule, the atom of a metal is identical with its 
molecule.” 

Messrs. Heycock and Neville found that when two metals were melted to- 
gether, considering M as solvent and N as the dissolved metal, then 

(1) The freezing-point of M is lowered,—the most frequent result. 


11 Stansfield, Fifth Report, Alloys Research Committee of the Institution of Mechanical Engineers, 1899. 

12 Le Chatelier, ‘‘Sur la Résistance Electrique des Alliages,”’ in Contribution a Etude des Alliages, Paris, 
1901. 

13 Transactions of the Chemical Society, 1889, (55), p. 521. 
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(2) The freezing-point of M is raised, ¢.g., silver in cadmium, and antimony 
in tin. 

(3) The freezing-point is unchanged, e.g., thalium in lead, and, I believe, 
within narrow limits, silver in gold. 

But these skillful investigators, to whom we are so much indebted for their 
careful researches upon alloys, went further and showed that none of these cases 
contradicted Van’t Hoff’s theory of solution. This they did in each case by 
filtering off the part first solidifying. In the first case the more fusible filtrate 
was found to be richer in the dissolved metal than were the first crystals. In 
the second instance the crystals were richer in the dissolved metal; that is, the 
excess of solvent was not first to separate in the solid form but what was probably 
a definite compound of the two metals having a higher melting point than the 
metal M, which was assumed to be the solvent. In the third case there was 
absolutely no separation of the two metals during cooling; that is, the first 
crystals and the fluid part were identical in composition. That is, the two metals 
in these instances form isomorphous mixtures. In all their experiments, Messrs. 
Ueycock and Neville were dealing with dilute solutions in which, as in the case 
of salts dissolved in water, it might be expected that the molecules of the dissolved 
substance would obey the laws of gases. When their experiments were conducted 
quantitatively, Heycock and Neville'* found that two of the empirical laws of 
Coppet and Raoult hold good for alloys, viz.:— 

(1) For moderate concentration the fall of freezing-point is proportional to 
the weight of dissolved substance present in a constant weight of solvent, and 

(2) When the falls produced in the same solvent by different metals are com- 
pared, it is found that a molecular weight of a dissolved metal produces the same 
fall whatever the metal is. 

In these experiments tin was the solvent, and it was assumed that the metals 
are monatomic in solution or that their molecules are of one type,—Rn when n 
is constant and probably equal to 1. 

The third law is probably incorrect, for it assumes that if a constant number 
of molecules of solvent be employed, the fall is independent of the nature of the 
sclvent. The solvent in the case of metals often tends to chemical combination 
with the other metal. Thus, gold in 100 atoms of sodium gave 4°C. depression in 
the freezing-point ; in tin, 38°C. and in potassium only 1°8°C. 

Freezing-Point Curves——One must not confuse cooling-curves and freezing- 
point curves. The former, as already pointed out, result during the cooling of 
a single metal or alloy and time and temperature are the co-ordinates of such 
curves. When a series of such curves are obtained for any pair of metals mixed 
in all proportions from 0 to 100% M in 100 to 0% N, and the critical points are 
plotted in a diagram of which the co-ordinates are temperature and composition 
we get what is known as a freezing-point curve. That is, the points at which, 
all possible combinations of the two metals freeze are indicated more or less accu- 
rately. The more points in the curve actually determined, the more likely be- 
comes the accuracy of the other-points. Subsidiary points in the cooling-curves 
may also be plotted, though they are not strictly speaking freezing-points. Fig. 6 


ey Heycock and Neville, Transactions of the Chemical Society, 1890 (57), p. 376 
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is taken from a paper upon “La Constitution des Alliages Metalliques,” by Robert- 
Austen and Stansfield, which was presented at the Physical Congress, Paris, 1900. 
The vertical co-ordinate is temperature and the horizontal one represents both 
time (for cooling-curves) and composition (for the freezing-point curve). It 
shows graphically how a complete freezing-point curve is constructed from cool- 
ing-curves. It will be noticed that the metals A and B forming the alloy give 


cooling-curves of the type of pure metals. In the curves showing a eutectic break, 
it will be noticed that the magnitude of the eutectic break as compared with the 
upper or freezing-point break becomes relatively greater as we approach the com- 
position of the alloy ¢ which is pure eutectic and gives a cooling-curve identical 
in form with those of A and B. In fact this ratio gives a rough approximation 
of the proportion of the alloy which consists of solid solution separating at the 


Cu 
Fe. |7 Aa 


Sb 


first break and eutectic alloy crystallizing at the fixed temperature indicated by 
the horizontal part of the cooling-curve; or, in other words, if the alloy consists 
mostly of solid solution and a little eutectic, it will take the former longer to 
solidify than it does the latter and the cooling-curve indicates this roughly. 
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Freezing-point curves conform, in general to three types, as shown in Fig. 7. 
These curves are not drawn exactly to scale, but are approximately correct. Gold 
and silver alloys form perfectly isomorphous mixtures, and their freezing-points 
give almost a straight line joiming the freezing-points of the pure metals. Copper 
and silver give the typical curve of two metals, which mix in all proportions, but 
do not unite chemically. Antimony and copper unite to give the highly-colored 
compound known as regulus of Venus, Cu,Sb.1° This compound is indicated in 
the cooling-curve by the intermediate summit. In general such a summit will 
be found to occur at a formula percentage, and indicates an intermetallic com- 
pound. ‘T’o explain such a curve, we have only to consider it as made up of sepa- 
rate sections, as indicated in the figure by a dotted line. The intermetallic com- 
pound has a melting-point of its own, quite independent of that of the constitu- 
ent metals. It may be higher, lower or intermediate as compared with the con- 
stituent metals which compose it. In such a curve as the Sb-Cu one, we may con- 
sider that one series of alloys is composed of mixtures of Sb and SbCu,, and the 
other of SbCu, and Cu. We are virtually dealing with two distinct series of 
alloys, each of which taken separately is of the simple type illustrated by the 
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2 3 4 


Ag-Cu-curve. In the Sb-SbCu, portion of the curve there is no free copper, and in 
the Cu-SbCu, portion of the curve there is no free antimony. Dissociation of the 
compound might make some modification of the above statement necessary, and, 
indeed, it has been suggested that dissociation causes a summit to appear rounded 
instead of angular. Curves containing more than one summit may be similarly 
resolved into series of two components, which may be respectively a metal and an 
intermetallic compound, or, if between two summits, the components are both 
intermetallic compounds. An ideal representation of such a curve is shown in 
Fig. 8. In this figure we see that alloys whose compositions fall between 1 and 2 
consist of metal A and compound Aza By; alloys between 2 and 3 consist of com- 
ponents Az By, and Az’ By'—they contain no free A or B; alloys between 3 and 
4 consist of compound Aa’ By’ and metal B. Each of these pairs of components 
has its melting-point depressed by the presence in it of the adjacent component. 
Our Cu-Al curve (Fig. 9) may be explained in this way: Two summits occur 
at the compositions corresponding to Cu,Al, and AlCu, (48°49% Cu, and 87°6% 
Cu respectively). Le Chatelier thinks he has detected with the microscope at 
least four compounds. Our curve gives no indication of them. Our own micro- 


15 The formula usually given in the past was Cu,Sb,, but Stead says the purple constituent is Cu,Sb. 
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scopic study of these alloys is not yet completed.*° Our Al-Sb curve (Fig. 9) shows 
the presence of a compound whose melting-point is more than 400°C. above that 
of either constituent. Its formula is SbAl (81°6% Sb). In this series of alloys 
we are dealing with two pairs of constituents, Al-AlSb and AlSb-Sb. The com- 
pound seems to be almost insoluble in either of the pure metals, but on theoretical 
grounds we should expect to find a slight depression in the freezing-point of each 
metal as indicated in the curve. These points have not as yet been experimentally 
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detected. The tin-aluminum curve shows a fall of 3° or 4°C. by the addition 
of 0°5% Al, while with increased additions of aluminum the freezing-point is 
raised 300°C. at a concentration of 10% Al, 90% Sn. 

If in a certain series of alloys we get a freezing-curve with a summit occurring 
at a formula percentage, and examine the alloys whose freezing-points give rise 
to that summit, we shall find that in general an intermetallic compound in the 


i6 Recent work by Mr. Campbell, soon to be published, shows the AlOu series to be quite as complicated 
as the CuSn series, so skillfully worked out by him. (Proceedings of the Institution of Mechanical Engineers, 
1901.) 
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pure state presents under the microscope a homogeneous mass made up of 
crystals, all of which are the same. As we descend from the summit on either 
branch of the curve we find these crystals becoming less and less in number and 
size, and at the next angle in the curve they disappear entirely. This is illustrated 
by the accompanying photographs of antimony-aluminum alloys. These micro- 
photographs were made by Mr. Campbell. 

Fig. 10.—20% Sb, 80% Al X33 diameters, oblique illumination, shows crystals 
of SbAl in granular ground mass of nearly pure Al. _ 

_ Fig. 11.—50% Sb, 50% Al X33 diameters, oblique. Crystals of SbAl increas- 
ing in size and amount, ground mass decreasing. 

Fig. 12.—82% Sb, 18% Al X16 diameters, vertical illumination. This photo- 
graph shows nearly pure SbAl. 

Fig. 13.—85% Sb, 15% Al X33 diameters, vertical illumination. We have 
passed the summit of the curve; the ground mass of aluminum has disappeared 
and some free antimony is seen. 

Fig. 14.—95% Sb, 5% Al X33 diameters, oblique. SbA] crystals diminishing 
in quantity, and ground mass of Sb—probably containing a little SbA] in solid 
solution—is conspicuous. : 

Regarding this microscopic evidence, supporting the pyrometric evidence, Mr. 
Neville’? says: “These criteria taken together, (1) the occurrence of a summit 
at a formula percentage, (2) the presence of large crystals of the same kind, 
decreasing in amount as we descend the branch on either side, are an absolute 
proof of the reality of a compound.” 

The Nature of Hutectics—tIn several portions of this paper eutectic alloys 
have been mentioned, a term for which we are indebted to Dr. Guthrie, who used 
it to designate the most fusible alloy of a series—the one which freezes last. 
There are certain points in which eutectics may differ, and upon these differences 
they may admit of classification. Every eutectic, however, possesses the following 
properties :— 

1, It is of uniform composition in any one series of alloys. 

*. Its freezing-point is constant throughout any one series. 

3. The freezing-point is the lowest in the series. 

4, It is not a chemical compound. 

The composition of a eutectic may and occasionally does correspond to some 
simple atomic ratio. This coincidence, though striking, does not prove the presence 
of a compound as the sole constituent of a eutectic. Usually it possesses a lami- 
nated micro-structure, and often requires very high magnification to detect the 
two constituents. Mr. Stead, in-his splendid paper upon iron and phosphorus, 
gives his ideas upon the subject of eutectics, and in addition to what has just 
been said as to the essentials of a eutectic, he adds some remarks upon what a 
eutectic may be: (1) “It may consist of two or more metals which do not unite 
chemically, or (2) of a metal and a definite compound (containing that metal), 
or (3) possibly of two or more definite compounds. (4) It may consist of a 
mixture of a solid solution of one metal in another and a free metal. (5) It may 
contain a solid solution of a definite metallo-metallic salt (intermetallic com- 


17 British Association Report (1900), ‘‘ Upon the Chemical Compounds Contained in Alloys.’ 
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pound) and that same metallo-metallic salt in the free state. (6) It may possibly 
consist of two solid solutions.” The last of these statements, which he qualified 
by the word “possibly,” seems to me to be the most important of all; and since 
TI am unwilling to admit that any metal or intermetallic compound ever separates 
absolutely pure, those conditions in which Mr. Stead speaks of the separation of 
pure substances seem to me to be inaccurate. The form of the freezing-point 
curves and the explanation of them according to Prof. Roozeboom renders it 
highly improbable that any strictly pure material separates at the freezing-point 
of the eutectic. The most that we can say of the constituents of a eutectic is 
that in certain cases they are solutions of extreme dilution. In cases where the 
freezing-point curve lies almost entirely above the melting-point of either or 
both constituents, but in which there is a slight depression of the freezing-point 
by very small additions of one metal to the other, as in the case of tin-aluminum, 
previously mentioned, and when this depression is further indicated in a well- 
marked eutectic break in other alloys of the series, it may be possible that the 
eutectic is a single solid solution. The quantity of dissolved metal in such a 
eutectic might not be enough to change the type of cooling curve seriously, and 
probably exceedingly high magnification would fail to resolve such an eutectic 
into two components, for it crystallizes isomorphously with the pure tin, hence 
it seems that no two juxtaposited constituents are there. This conception of a 
eutectic is not at variance with the four essentials already enumerated. While 
not speaking positively on this point, I think it reasonable, and am not sure but 
that in such a curve as the Sb-Sn curve, where all the points seem to lie above 
the melting-point of tin, we must consider pure tin as the eutectic—it’ melts 
lowest for the series, it is of constant composition, and it is not a chemical com- 
pound. 

We have now indicated many points of resemblance between metallic mixtures 
and ordinary solutions. One metal diffuses into another like a salt into water; 
like two liquids, they may be perfectly miscible or form layers; the layers are not 
pure, but each contains a little of the other in solution ; in general, the solubility 
increases with the temperatures. They will flow under pressure; they may or 
they may not react chemically when brought into intimate association by fusion 
or pressure ; the molecular mobility increases with the temperature ; upon cooling 
of binary alloys we observe phenomena strongly suggestive of the freezing of salt 
solutions ; the depression of the freezing-point of one metal when another is added 
follows the laws of Coppet and Raoult, and the eutectic reminds us very much of 
the “cryohydrates” of ordinary solutions. Scarcely another point of resemblance 
is needed, but one is at hand, and a very important one, viz., the phase rule applies 
quite as well to the explanation of conditions of equilibrium in alloys as it does to 
the explanation of similar problems in regard to liquid solutions. The classifica- 
tion of the systems, however, requires some modification before the generalizations 
of Trevor apply, and it is practically somewhat difficult to ensure complete 
equilibrium in an alloy—the cooling is usually much too rapid to allow of the 
establishment of equilibrium in the solid mass. If equilibrium has been estab- 
lished, then the number of distinct substances in the mass will depend upon the 
number of constituents which enter into the composition of the mass. In my 
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paper already referred to in the Journal of the Franklin Institute, February, 
1902, I have shown how the adaptation of the phase rule to alloys is accomplished, 
and as this is more a chemical conception than one of direct interest to engineers, 
it need not be dwelt upon here. The phase rule does not tell us the number of 
phases in which one or two components may exist, but how many of them may 
exist simultaneously in equilibrium. Thus pure iron may exist in three solid, 
and one liquid phase, but never in all four at one time. Again the iron-carbon 
alloys, according to Roozeboom, may exhibit at least seven phases, viz., carbon, 
alpha-, beta- and gamma-iron, liquid solution, solid solution of carbon in gamma- 
iron, and cementite or iron-carbide. The provisions of the phase rule, however, 
tell us that only three of these may exist in equilibrium at any given tempera- 
ture and concentration. Prof. Roozeboom’s explanation of a freezing-point curve 
considered as an equilibrium curve is of great interest in helping to make clear 
ihe series of phenomena which are exhibited during the actual solidification of 
molten alloys. His original explanation was given in connection with the highly 
complicated iron-carbon curves of Roberts-Austen. It has seemed to me that a 
simpler figure would lend itself more readily to this explanation and the ac- 
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companying figure shows the type of curves which gold-copper and copper-silver 
alloys give, t.¢c., pairs of metals soluble in each other in all proportions but not 
forming any compounds. In Fig. 15 the curve a e ¢ represents the temperatures 
at which for each concentration solidification begins. 'The curve a 6 d c shows 
the temperature at which solidification is complete. Except for the straight 
portion of this curve, b d, the exact position of it is a matter of conjecture. Ac- 
cording to Stansfield, its position may be calculated with some degree of accuracy 
upon theoretical grounds, if the latent heat of fusion of the solvent is known and 
assuming that the dissolved substance is monatomic in the liquid state. The 
upper line, a e ¢ Roozeboom calls the “liquid” curve, and the lower line, a b e dc 
he calls the “solid” curve. When in a series of alloys the liquid and solid curves 
have a maximum or minimum point formed by the branches of the curve, they 
touch at this point as in the curve before us. The point in our diagram where 
the liquid and solid curves meet is the eutectic point. It means that the liquid 
represented by the composition corresponding to that point solidifies as a whole 
at a single temperature. Curves similar to this may be used to explain such 
complicated freezing-point curves as that of the Al-Cu series, remembering that 


{ 


ALLOYS AS SOLUTIONS. 745 


ihe terminii of the liquid and solid curves are not necessarily pure metals, but 
inay be a metal and a compound, or perhaps two compounds. ‘The more or less 
triangular areas, a b ¢ and c d e represent mixtures of liquid and solid phases. 
The areas ab rf and cdgs are solid solutions, and in the area b df g we have a 
conglomerate of eutectic alloy, with varying amounts of crystals of solid solution 
depending upon the composition of the alloy from which they were derived. At 
the single composition e, however, we have an exception to this statement, for this 
alloy consists of eutectic only, while to the left of this the conglomerate consists 
of eutectic plus solid solutions of N in M, and in alloys represented by composi- 
tions to the right of e we have eutectic (always constant in composition) plus 
more or less of a solid solution of M in N. 

Above the liquid curve we have only liquid phases; below the solid curve we 
have only solid phases, while intermediate areas correspond to a mixture of 
liquid and solid phases. 

Any alloy whose composition falls within the areas marked solid solution gives 
but one break in the cooling curve. Alloys represented by compositions falling 
within the area of the eutectic (except alloy e) give two breaks in the cooling- 
curves. The eutectic itself consists of two solid solutions, whose compositions are 
indicated by compositions corresponding to the extreme ends of the eutectic line, 
viz., b and d. However, since the solubility of one metal in another is a func- 
tion of the temperature below its freezing-point as well as above, we may assume 
that the solubility in the two components of the eutectic decreases slightly even 
after solidification, and therefore the lines b f and d g are represented as slanting 
rather than perpendicular to the composition line. These lines indicate the 
maximum solubility of either metal in the other at temperatures below the freez- 
ing-point of the eutectic. 

Let us consider the phenomena of solidification of an alloy represented by a 
composition on a e, as explained by Roozeboom. Any solution represented by the 
composition m begins to solidify at that temperature by the separation of crystals 
of the composition n. They therefore contain less of N than the liquid alloy m. 
The residual alloy has therefore become enriched in N, and its freezing point is 
lowered ; its composition passes thus from m to p, at which point solidification is 
complete, for at this point the temperature has fallen till it encounters the solid 
curve at the point 0. The point 0, moreover, indicates the composition of the 
last crystals to solidify. That is, while the liquid solution is changing from m to 
p, the composition of the crystals has changed from n to 0. Complete solidification 
has thus taken place through an interval, mo. Now there is an alloy whose final 
solidifying point is b; and according to Roozeboom’s explanation it is an alloy of 
composition, e, which is freezing. At the same temperature, however, occurs the 
solidification of the solid solution of composition d. Finally, then, all alloys repre- 
sented by compositions between 1 and 2, after separating out crystals of solid solu- 
tions of N in M, or M in N, represented by compositions along the lines 3,1 and 2,4, 
respectively, become concentrated to the composition e, where saturated solid solu- 
tions of compositions b and d solidify side by side, constituting the eutectic. That 
is, an alloy the vertical projection of whose composition upon the solid curve 
does not eut the eutectic line, consists of a single solid solution. An alloy whose 
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composition projected vertically intersects the eutectic line, consists of a con- 
glomerate of eutectic of constant composition e and a solid solution, whose com- 
position is represented by the horizontal projection of its composition upon the 
corresponding solid curve. At temperatures and concentrations lying within the 
areas enclosed by the liquid and solid curves there exists in equilibrium solid and 
liquid solutions, ¢.g., at a temperature and concentration represented on the line 
m n there exists simultaneously liquid solution m and solid solution n. 

Great as has been the progress in alloys research within the past few years, 
yet much remains to be done. When many sets of complete freezing-point curves 
have been determined, when all the alloys of these series have been examined 
metallographically, and when their ordinary physical tests, tensile strength, 
electrical and heat conductivity, specific gravities, etc., have been accurately 
worked out, then we may be able to generalize and to predict properties of new 
pairs of metals as well as to set out intelligently to produce new and useful 
alloys. It must be admitted that the production of alloys in the past has been 
by the very wasteful method of chance. I hope to see the manufacture of alloys 
become an exact science and that ultimately even ternary or more complex alloys 
may be brought within the range of applicability of “natural laws,” which as 
yet remain undiscovered. We are making progress in the right direction, but 
American scientists have not yet assumed their due share of this task. It is time 
that we followed the example of the British Association, the Société d’ Encourage- 
ment pour I’Industrie Nationale, the Institution of Mechanical Engineers and 


the National Physical Laboratory of Great Britain, in promoting the scientific 
study of problems in connection with alloys. 


REVIEW OF THE LITERATURE ON ORE DRESSING 
IN i901. 


By R. H. RICHARDS. 
CRUSHING MACHINERY. 

Hall’s Multiple Action Ore Crusher.—This breaker is practically a duplex 
Blake, the moving jaw being divided vertically into two parts so that when one 
half is working forward, the other is returning, which ensures more uniform and 
continuous running, and equalizes the strains; furthermore, the required maxi- 
mum. effort is only one-half as great as that of an ordinary Blake breaker of equal 
capacity, the former crushing all the time and the latter only one-half of the 
time. 

Huntington Mills.2A—At the Butte and Boston mill, Butte, Mont., these mills 
crush coarse jig-tailings having an average size of 0°25 in. to20 mesh. The capacity 
of each mill is 75 tons per day. 

Chilled Steel Roll Shells.3A—At a mill in Lauthenthal experiments are in 
progress with chilled steel and cast steel shells; a partial report is as follows :— 


Ore 


Shell. @iushed: Wear. 


Working Time. 


S00. 
June 23 to Nov. 20. 
July 6to Nov. 20. 


Chilled Steel.... 

Cast Steel...... 

In view of the longer life of the chilled steel shells and the consequent de- 

creased running cost, it is probable that they will be substituted for the cast 

steel shells. A calculation based on a comparison of the wear per ton of ore 

crushed and the respective costs of the shells show a difference of about half a 
per cent. in favor of chilled steel. 


CLASSIFIERS, 


The Klein Classifier operates as follows: As the ore mixed with water comes 
from the trommels it passes into a receiving chamber from which it flows into 
a slightly tapered box-shaped compartment, where the classification takes place. 
This compartment is about 24 in. long at the base, 9 in. wide, and 9 in. deep. 


1 Feilden’s Magazine, 1900, Vol. III., p. 539. 2 Ibid., 1901, Vol. IV., p. 248. 
3 Zeitschrift fuer das Berg-, Huetten-, und Salinenwesen, 1901, Vol. XLIX., p. 332. 
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Air at about 25 Ib. pressure is admitted through six holes 0°375-in. diameter 
in the base and on the sides through hoods with sprays of perforated copper. 
Hydraulic water is introduced by two 1°25-in. pipes. The outlet pipe is on a line 
with the hydraulic pipe, and is 2 in. above the base of the box. The air as it 
comes from the bottom of the classifier carries to the top a certain amount of fine 
material while the larger particles remain behind and are washed out.4 

Dimmick Classifiers are in use at the Helen Mining Co., near Cooney, New 
Mexico.® This apparatus consists of a W-tank 15 ft. long by 10 ft. high. It 
has a main central partition with intermediate small partitions. The action 
is simply that of a distributor, the pulp going to vanners and slime tables. 


JIGS. 


The New Century Drop Motion Jig.—This jig does not use eccentrics; it lifts 
the plunger rod by a cam having a maximum lift of from 1 to 1°5 in., thereby 
compressing a spring which on the release imparts a quick down thrust. It is 
adjustable, and hence when working with usual stroke of 0°125 to 0°375 in., it 
affords the plunger a period of absolute rest; it is also claimed to use less power 
than with an eccentric jig. This jig is fully described and illustrated by Frank 
Nicholson in his article on “Mining and Milling in the Joplin District, Missouri,” 
elsewhere in this volume. 

The Klein Jig® is being used in southeast Missouri and in the Philipsburg 
district of Montana. It very closely resembles the Hartz jig in general form, 
but instead of driving each plunger by an eccentric, two jigs are mounted side 
by side and their plungers are driven from opposite ends of rocking arms, mounted 
on a longitudinal rocker-shaft which is rocked through a crank, connecting rod 
and eccentric. The discharge of concentrates above the sieve is aided by a puff 
of compressed air at every downward stroke of the plunger. This is under from 
25 to 30 lb. pressure. The advantages claimed are: (1) less power required, as 
any number of plungers may be operated by one eccentric; (2) greater capacity ; 
(3) cleaner separation. : 


FINE CONCENTRATORS. 


Lhe Dimmick Concentrator’ consists of a stationary rectangular plane table 
covered with canvas and thickly studded with nails, which act as riffles; the slope 
of the table depends upon the coarseness of the material to be treated and the 
action is intermittent. 

The New Standard Concentrators® are used at the Last Chance mill, three of 
these concentrators treating from 15 to 20 tons of ore per table per day, the 
ratio of concentration being 100 to 1. The tables are of the bump type suspended 
from three points, and are easily adjusted to wide variations in slope. The 
strike is usually 0°75 in. and about 225 per minute. The floor space is 11X15 ft. 
The table is covered with linoleum, and has a water consumption of 3°5 gal. per 
minute. 


4 Transactions of the American Institute of Mining Engineers, 1901, Vol. XXX. 
5 Mines and Minerals, 1901, Vol. XXIL., p. 98. 

° Transactions of the American Institute of Mining Engineers, 1901, Vol. XXX. 
7 Mines and Minerals, 1901, Vol. XXII., p. 98. 8 Tbid., p. 99. 
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The Overstrom Table which appeared in 1901 is the latest form of riffle table. 
Its shape is that of a rhomboid. The line of the riffle blocks and the direction 
of motion of the table are the same and are nearly parallel to the shorter diagonal 
of the rhomboid. This table closely resembles the Wilfley, the principal difference 
being in a diminution of the idle spaces and in addition to the working spaces. 

The Wilfley Table——In a suit brought by A. R. Wilfley against the Denver 
Engineering Works, a decision was rendered in complainant’s favor, the court 
stating: “It may be that the Cammett tables are an improvement upon the in- 
vention covered by the Wilfley patent in this respect (directing and delivering 
concentrates), but it still has all the essential elements of the best form of 
Wilfley’s invention ; it performs the same function in substantially the same way, 
and therefore must be held to infringe it.” 


Accrssory APPARATUS. 


The Scobey Sampler is a device for sampling material which is transported by 
water. As shown in Fig. 1, it consists of a belt-driven mechanism which passes 
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Fic. 1.—THE ScoBIE SAMPLER. 


a bucket through a falling stream of pulp and water, deflecting only a very small 
portion to a convenient receptacle. When not taking samples the bucket is auto- 
matically locked; it can be adjusted to take from 0°01 to 0:0001 part of whole. 
The list price of this sampler is $36 and during the past year it has been endorsed 
by several prominent milling engineers. 

This sampler conforms to the essential rule of taking the whole of the stream 
part of the time. 
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The Geissler Sampler.—There is nothing new to be added to the description of 
this sampler already given by Prof. H. O. Hofman in THe Minerau Inpustry, 
1900, Vol. IX., p. 440. 

An Automatic Sampler? at the Smuggler mills, Aspen, Colo. (which is illus- 
trated in the reference given), consists of a scoop for taking or deflecting a portion 
of the whole stream of tailings and is suspended from a tipple tank. Water is sup- 
plied through a pipe to the high side of the tipple which on filling falls, causing 
the scoop to pass through the stream. On reaching the lowest portion of its move- 
ment a valve is opened by impact allowing the water to discharge into the waste 
tank. A retarding device is attached to the tipple to prevent too easy movement, 
making it necessary for the tipple tank to be nearly filled before the movement 
commences. A pneumatic check is applied to regulate the speed and the quantity 
taken. The deflected sample is further reduced by a split-shovel arrangement in 
the sample launder. 

A 12-in. Robins Belt Conveyor’ is used at the British Columbia Copper Co.’s 
plant at Greenwood, B. C.; to take the undersize from the grizzly to the ore bins, 
the oversize passing to a breaker. A 36-in. sorting conveyor, 111 ft. center to 
center, takes the ore from the breaker to the ore bins. The discards from picking 
are removed by a 12-in. and a 16-in. conveyor (540 ft. center to center). Picking 
is reported to cost 6c. per ton. 

The Homestake Mining Co. has installed three belt conveyors,’ each 167 ft. 
long, to convey ore from the shaft house to the mill. These are driven from the 
discharge end, require 3 H.P. each and handle 480 tons per 24 hours. The ore 
is fed by one boy and is sorted in transit, which by removing chips and pieces 
cf wood increases the capacity 10 to 20 tons per day, as the stamp screens do 
not clog. 

The Jeffrey Belt Conveyor’ for handling wet or dry ore is now arranged so 
that the belt may be made concave or convex, which allows the water to drain 
off in the latter case. 


TESTING DEVICES. 


A New Laboratory Classifier’* has been constructed by Prof. Henry S. Munroe 
(see Fig. 2). In the original classifier the material was fed through a stop-cock 
funnel, a method which seriously limited the capacity and efficiency of the ap- 
paratus. The funnel is now replaced by a second Erlenmeyer flask connected 
directly with the apparatus by a short length of rubber tubing of large diameter. 

Laboratory Slime Table.*—Prof. Henry 8. Munroe has also constructed an 
excellent rectangular slime table for laboratory use consisting of a strong metal 
frame about 5 ft. long in which flat plates may be secured. The means of vary- 
ing the adjustments have been carefully designed and some of the usual diffi- 
culties overcome. The table is illustrated in Fig. 3. 


®S. I. Hallett, Mining and Scientific Press, 1901, Vol. LX XXTII., p. 55. 
10 Mining and Scientific Press, 1901, Vol. LXXXIII., p. 47. 
11 Kngineering and Mining Journal, Nov. 30. 1901, p. 722. 
12 Mining and Scientific Press, 1901, Vol. LXXXII., p. 242. 
13 School of Mines Quarterly, 1901, Vol. XXII., p. 449. 
14 Jbid., p. 306. 
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In a Laboratory Amalgamating Device*® vertical agitation is given to a small 
table working between guides on which are strapped broad mouthed bottles carry- 
ing the ore to be amalgamated. The throw is 2 in. with 350 revolutions of the 
eccentric per minute. Results check to within a maximum error of 2°5% of 


D 
I=Inlet. O=Outlet. D=Bottom discharge doors. 


Fig. 3.—A LABORATORY SLIME TABLE. 


Fic. 2.—A LABORATORY 
CLASSIFIER. 


the mill results which allows the company to buy small lots of ore and to mill 
them collectively instead of separately as before. 


MILLS AND GENERAL MILLING CONSIDERATIONS. 


The Helena-Frisco Concentrator,® at Gem, Idaho, treats daily about 600 tons 
of argentiferous galena carrying a considerable amount of blende. The follow- 
ing outline is given of the process of working: The ore from the mine is 
trammed to the mill bin (1). 

(1) Mill Bin to (2). 

(2) Grizzly. Oversize to (3); undersize to (4). 

(3) One 10X20-in. Blake breaker set at 1 to 1°25 in., to (4). 

(4) One pair No. 1 Rolls, 30X15 in. set at 0°75 in. to (5). 

(5) Two No. 1 trommels, with 10 mm. and 15 mm. holes. Over 15 mm. to 
(6); through 15 on 10 mm. to (7); through 10 mm. to (10). 

(6) Three 3-compartment Bull Jigs. Heads to (8) ; tailings to waste. 

(7) Six 4-compartment Hartz Jigs (four of which treat material 15 mm. on 
10, and two 7 mm. on 10). First and second discharges to (34); third and 
fourth discharge to (8) ; tailings to (36). 

(8) No. 1 Elevator to (9). 


18 Mining and Scientific Press, 1901, Vol. LXXXIII., p. 130. 
16 Journal of Canadian Mining Institute, 1901, Vol. IV., p. 254. 
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(9) One pair No. 2 Rolls, 36X14 in. to (5). 

(10) Two No. 2 trommels, with 3, 5, and 7 mm. holes; over 7 mm. bor Cid¢ 
through 7 on 5 mm. to (11); through 5 on 3 mm. to (12); through 3 mm. 
to (12). 

(11) Two 4-compartment Hartz Jigs; first and second discharges to (384) ; 
third and fourth to (14) ; tailings to (36). 

(12) One Calumet Classifier. First, 2d, 3d, 4th, and 5th spigots to (13) ; over- 
flow to (24). 

(13) Eight 4-compartment Hartz Jigs. First and 2d discharges to (84) ; 
3d and 4th discharges to (14); tailings to (36). 

(14) Settling box. Spigot to (16) ; overflow to (15). 

(15) Long settling tank. Spigots to (16) ; overflow to (35). 

(16) No. 2 Elevator. To (17). 

(17) Two pairs No. 3 Rolls, 30X14 in. to (18). 

(18) One trommel with 3-mm. holes. Oversize to (19) ; undersize to (21). 

(19) No. 3 Elevator. To (20). 

(20) One pair No. 4 Rolls 24X14 in. To (18). 

(21) Two Calumet Classifiers. First and 2d spigots to (22); 3d, 4th and 
5th spigots to (23); overflow to (24). 

(22) Four 4-compartment Hartz Jigs. First, 2d, and 3d discharges to (34) ; 
4th discharges to (14) ; no tailings made; overflow to (36). 

(23) Four 4-compartment Hartz Jigs. First and 2d discharges to (34) ; 
3d and 4th discharges to (14) ; no tailings made; overflow to (36). 

(24) Settling tank. Spigot to (25) ; overflow to (28). 

(25) Nine convex revolving slime tables. Heads to (34) ; middlings to (26) ; 
tailings to (36). 

(26) No. 4 Elevator to (27). 

(27) Settling tank. Spigot to (29) ; overflow to (30). 

(28) Settling tank. Spigot to (29) ; overflow to (30). 

(29) Ten 6-ft. Frue vanners. Heads to (34) ; tailings to (31). 

(30) Outside settling tank. Spigot to (31) ; overflow to (36). 

(31) Settling tank. Spigot to (32); overflow to (36). 

(32) Four 6-ft. and four 4-ft. Frue vanners. Heads to (33) ; tailings to (36). 

(33) Ore pile (finished product). 

(34) Two concentrates settling boxes. Overflow to (35). 

(35) Overflow settling box; settlings returned to mill; overflow to (36). 

(36) Tail race to waste. 

In the Galena-Joplin Lead and Zine district similar methods of milling are 
generally employed with the exception that classifiers are used extensively in 
the Joplin section, and rarely in the Galena section. The following is the general 
method of milling. The ore from the mine goes to (1). 

(1) Grizzlies. Oversize to (2) ; undersize to (3). 

(2) Sledge. To (3). 

(3) Breaker. To (4). 

(4) No. 1 Rolls. To (5). 


iT Rfince ond Mimercia. 1001, Vou XXL, poe 


REVIEW OF THE LITERATURE ON ORH DRESSING. 753 


) No. 1 elevator. To (6). 
) Trommel. Oversize to (8); undersize to (7). 
) No. 1 or roughing jig. Heads to (9); middlings to (10); tailings to 


FED oi Ge 


( 
( 
(7 
waste. 
(8) No. 2 Rolls to (5) and (6). 
(9) No. 2 elevator. To (11). 

(10) No. 3 elevator. To (12). 

(11) No. 2 or cleaning jig. Heads to market; middlings to (13) ; tailings to 
waste. 

(12) No. 3 rolls. To (5). 

(13) No. 4 elevator. To (14). 

(14) Sand jig. Heads to market; middlings to (15) ; tailings to waste. 

(15) Slime treatment (sludge mills). 

When classifiers are used they are generally attached to the rear end of the 
No. 2 or cleaning jig and are also arranged to receive the drain from the hutch 
work of the jigs. The slimes are treated at centrally located sludge mills for 
the production of fine concentrates. 

The sludge mills work on slimes and tailings, averaging between 3% and 7% 
blende. The concentration is accomplished by rolls, jigs and buddles; or by 
Wilfley tables. The capacity in both cases is small because of the lean tailings 
and slimes, due to the increasing care exercised by the large mills. In the first 
type of sludge mill the material receives no further crushing after leaving the 
jigs. The heads from the cleaner and sand jigs are the only products which 
are directly marketable to the smelter. The middlings and slimes from the 
jigs go to roughing and cleaning buddles for final treatment. In the second 
type of mill Wilfley tables are used as roughers and cleaners, usually one cleaner 
to two roughers. As the sludge mills are independent of the large mills it 
would seem that a great saving could be made at the latter by introducing some 
form of slime treatment for the rich slimes from the cleaner or sand jigs before 
they become mixed with waste material and become worthless. A step has been 
taken in the right direction by the operators in the Joplin portion of the dis- 
trict where classifiers are employed to save jig slimes. The attempts made to 
use the round table have been unsuccessful. 

At the Ashio Mill, Japan,'* a separate concentration is used for each of the 
two classes of ore, with the exception of four products from the first class, which 
are run into the second. The ore consists of copper pyrites associated with iron 
pyrites, galena, arsenopyrite and blende ; the first class ore averages from 11% to 
12% Cu, and the second class about 1°5% Cu; the former is concentrated to 20% 
Cu, while the latter is brought up to 12% Cu; the mixed concentrates are sent to 
the smelter, and average 16% Cu. The arrangements of the mills are similar, 
consisting of rock breakers, trommels, cobbing tables, rolls, jigs and settling tanks. 
It is stated that from, 87% to 92% of the copper content of the first class ore is 
saved, and from 59% to 65% ore of the second class. 

The Humphreys Mill,"® at Creede, Colorado, upon its completion will dress ores 


18 Berg- und Huettenmaennische Zeitung, 1901, Vol. LX., p. 261. 
19 Mining and Scientific Press, 1901, Vol. LXXXIII., p. 218. 
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as follows: from bins to grizzly by trams; oversize going to 10X30-in. breaker, 
joins the undersize and goes through an automatic sampler to a roughing trom- 
mel; thence to two sets of 14X36-in. rolls; then elevated and passed through 
two sets of screen lines each consisting of four 3X6-ft. screens. Everything 
above 16-mesh is handled by 4-compartment Hartz jigs, while through 16-meslr 
is run to four Bartlett tables. Tailings are reground in three sets of 14X30-in. 
rolls, sized by revolving screens, the oversize being elevated by Frenier sand 
pumps; the pulp is classified in hydraulic sizers and distributed on 12 Wilfley 
tables. The capacity of the mill is expected to be 150 tons per day. 

The Chainman Mill, at Ely, Nevada,®® is in process of construction, and will 
consist of eight departments, 1.¢., screening and crushing, amalgamating, con- 
centrating, sizing and settling, leaching, precipitating, slimes treatment, refining 
and assaying. The crushing will be done by an Austin gyratory breaker followed 
by rolls, from which ore goes to Chile mills, thence over plates to Cammett tables, 
and then to settling tanks for leaching treatment. 

Canvas Table Plant.—At the Mitchell and Mussigbrod mill at Garnet, Mon- 
tana,”* a canvas table plant has been used with success. The ore milled is a 
sulphide carrying gold which is crushed to 30-mesh by stamps; the pulp passes 
over silver-plated copper plates, thence to three vanners, thence to two Wilfleys, 
and thence to a canvas table, which is the old German Kehrherd consisting of an 
inclined floor 34 ft. long by 38 ft. wide, with a slope of 1 in 10. The runs are 
2 ft. wide, and while one is being swept, two others are shut off and are being 
cleaned by wash water; the sweeping of 400 sq. ft. of table occupies 30 minutes 


and requires 260 cu. ft. of clean water. The slimes go to a series of settling tanks 
and boxes. 


The mill treats about 30 tons per day of ore, consisting of quartz with mixed 
sulphides. The vanner concentrates contain 30% SiO,, the Wilfley concentrates 
contain 50% SiO,, and the slimes about 70% SiO,. During April, 1901, the 
three vanners made 43 tons of concentrates of 7 oz. gold per ton; the two Wilfleys 
produced 7-5 tons of concentrates of 7 oz. gold per ton, and the canvas table 
8°5 tons of shmes of 7°33 oz. per ton. 

At the Portland direct wet-crushing cyanide mill, Black Hills,?? the battery 
pulp runs to a spiral sand pump which elevates it to the slime sand separators. 
The box now in use, shown in Fig. 4, is about 8X45 ft. The inlet J is a 3°5-in. 
pipe from the spiral pump; the outlet O is a square covered launder, 12 in. 
wide and 5 in. high; D is the bottom discharge door. When the box fills with 
sand to O it is dumped through D. The separation which is given in the table 
on the following page, has been effected on pulp from twenty 900-lb. stamps, 
dropping 8 in. 94 times per minute, crushing a siliceous refractory ore through 
10-mesh and 20-mesh standard wire screens. 

Grund in the Hartz Mountains.**—The following changes have been made at 
the establishments in this locality: the use of 3- and 4-sieve jigs instead of the 
2-sieve; the use of rolls instead of stamps. By these changes it is possible at 


20 Engineering and Mining Journal, Dec. 7, 1901, p. 753. 

21 Thid., July 6, 1901, p. 5. 

22 Mining and Scientific Press, 1901., Vol. LX XXIII., p. 202. 

93 Zeitschrift fuer das Berg-, Huetten-, und Salinenwesen, 1901, Vol. XLIX., p. 332. 
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the Hiilfe Gotteser mill to obtain with jigs, tailings representing 409% of the 
material treated which formerly when stamps were used were treated by an 


Battery Sands after Slimes after 
Pulp. Separation. Separation. 
10mesh. | 20mesh. | 10 mesh. | 20mesh. | 10 mesh. | 20 mesh. 
% % % % % % 
On 20 meshes. 2. ce. eee 9°00 0°4 21°0 TRUOHE Re aets wil ctapoicteistannn ore 
gist Metal Wel ea cere 15°50 2-0 1-0 
os 40 “ 15°75 17°2 20°0 18°75 3°5 t 4:0 
os 9°00 10°4 10°0 16°50 3°0 
ot 1°%5 76 1°5 (03s 2:5 1°0 
& 11°00 10°0 9°0 23°00 14:0 4:0 
Seah 28°25 40°8 11°5 16°75 75°0 90°0 
100°00 99°6 100-0 99°25 | 100°0 100°0 


expensive slime separation. The former jig tailings ran from 2 to 8 mm., while 
the present product runs up to 82 mm. For dressing ores containing heavy spar, 
the latter is completely pulverized in stamping, whereas with rolls it is crushed, 
and the resulting rhombohedrons form small particles which can be drawn off 
from the jigs. 

The saving of slimes** in the Ceeur d’Aléne district has been successfully ac- 
complished on a small scale by operators working independently of the mills. 
The most successful method so far is to run the tailings into V-shaped settling 
troughs about 30 ft. long, 2 ft. wide at the top and 2 ft. deep, the overflow 
cperating an overshot water wheel which runs a vanner. This has resulted 
in activity in procuring water rights, and the large mills are adding to their 
plants in an endeavor to save more of their ore values. Attention is also called 
to the fact that the largest loss of values is in the jig tailings and although 
the matter has been the subject of much thought and consideration, the problem 
of saving these values is yet to be solved. 

The Concentration of Broken Hill (N.S. W.) sulphide ores was described in 
detail by Mr. T. J. Greenway in Tue Minerar Invusrry, 1900, Vol. IX., p. 745. 

Gypsum Milling methods are remarkably uniform in Kansas.?° The gypsum 
rock and earth from the mine is crushed in breakers and then reduced to flour 
by flour mills or disintegrators; it is then treated in the calcining kettle, from 
which it is conducted to bins, thence to bolting cloths and sized, and finally to the 
shipping department. 

Krupp Ball Mill versus Stamps.2°—A five-stamp battery with a stamp weight 
of 525 kg. (about 1,165 lb.), falling 160 mm. (about 6°5 in.) with 92 drops per 
minute crushes approximately 780 kg. (about 1,720 Ib.) of hard quartz per hour 
through a No. 40 screen, requiring 12°5 H.P. A No. 3 Krupp Ball mill crush- 
ing wet, with 450 ke. of special steel balls, will pass 1,200 kg. (about 2,650 lb.) 
of the same quartz through the same screen per hour, using only 9 H.P. A mill 
for dry crushing, as above described, grinds 800 kg. (about 1,770 Ib.) per hour 
under the same conditions, requires 8 H.P., and if necessary, 2 H.P. extra for 
the exhaust which separates the dust from the sands. 


24 Mines and Minerals, 1900-1901, Vol. XXI., p. 343. 
25 Engineering and Mining Journal, Nov. 9, 1901, p. 602. 
26 Jbid., Dec. 7, 1901, p. 759. 
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Screen tests have given the following results :— 


Screen Number. (a) Stamps. Ball Mill-wet. | Ball Mill-dry. 


Through 40— 60 
3) 60— 80 


150 and above 


(a) Probably meshes per linear inch. 


Grondal Ball Mills?’ are used at Pitkaranta, Finland, to pulverize the iron ore 
as it comes from the Blake breakers. For hard, but brittle material large balls 
are used, while for tough ore a larger number of smaller balls. The total weight 
of the balls varies from 1,000 to 2,000 kg.; the diameter of the balls is not over 
150 mm. Running at 25 revolutions per minute and using 80 1. of water per 
minute the following sizes were obtained: grains over 1:0 mm. = 17%; be- 
tween 1 and'0°5 mm. = 1:°2%; between 0°5 and 0°33 mm. = 38%; between 
0°33 and 0°25 mm.=7:5% ; between 0°25 and 0°16 mm.=22'4% ; between 0°16 
and 0°125 mm. = 196%; under 0°125 mm. = 43°8%. Using balls of a total 
weight of 1,500 kg. revolving 28 times per minute, 18 to 20 H.P. is required, which 
will crush every 24 hours 30 tons of egg sized ore from the breakers through a 
1-mm. screen. 

A Coarse Concentrating without Sizing Test?* was made on a Georgia ore carry- 


ing gold and silver, and iron, lead, zinc, and copper sulphides, finely dissemi- 
nated in hard quartzite. The ore was crushed to 8-mesh with a jaw breaker and 
two sets of rolls, and then treated on a Bartlett table without any sizing. The 
following results were obtained :— 


Percentage Saved 

Middlings. in Concentration. 
Concentration 
21°8% of ore. 


Copper : 6 : 2°00% 
Lead ‘ *E 0°30% - 
Zine : g 500% 
Gold (oz. per ton) ; ‘ : : 0:06 oz. 
Silver (oz. per ton) ; ZL. : 0°56 oz. 
Weight ; i 468 lb. 
Percentage of Total Weight : 9: 6% 


The results of crushing and sizing tests made on various ores with different 
classes of crushers have been carefully tabulated, and are embodied in 16 tables 
given by G. Bonsall Porter.?? In the two following tables the crushers used 
were a 9X12-in. Dodge breaker, a 3°5-ft. Huntington mill, a pair of 16X10-in. 
rolls, a Gates standard sample grinder, and a 5-stamp battery. 

A Bolivian tin dressing mill®® was recently equipped with rock-breakers, rolls, 
Huntington mills and Frue vanners. The general practice consists of crushing 
with stamps, sizing by trommel, washing in stationary buddles (rectangular pits), 
then on round buddles and finally on slime tables; jigs also are used. 


27 Oesterreichische Zeitschrift, 1901, Vol. XLIX., p. 429. 

28 Mining and Scientific Press, 1901, Vol. LX XXII, p. 5. 

29 Journal of Canadian Mining Institute, 1901, Vol. IV., p. 205. 
3806 Annales des Mines, 1901, Vol. XIX., p. 386. 
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GOLD QUARTZ, FROM HALIFAX COUNTY, NOVA SCOTIA. 


ee 


Sizing test of material below 14-mesh. 


18 | 24 | 40 | 60 | 70 | 100| 150| Under 
Name of Crusher. 4 b 200 Remarks. 


pe iol) | IA Sa (  e d (ed breern| iaeen an| (reae 


—— 


DOdge.....ses-.0+ Set at 0.5 in. 

ROWSE epte cise oir: v : 5 : : Rolls touching. 
Huntington........]...++++: Oa Gana aoe G : : : ; : : Crushing through 40-mesh. 
Sample Grinder....|...----- Lon OeGl OF : P : ; “ : 

Stamps .........+--Josseeers Ont ares wif sro ister : : "Bl ccs (C44. c sicre ans Crushing through 40-mesh. 


(a) 50-mesh sieve used in place of 60-mesh sieve. 


COAL. 


Under || 14 | 18 | 24 | 40 | 60 | 70 | 100 | 150 Under 


Name of Crusher. to | to | to | to | to | to | to | to 200 Remarks. 
18 | 24 | 40 | 60 | 70 | 100 | 150 | 200 mesh. 
y Fu it 454 ak Sel fa Se Fe, Sa Var, ee a ba % 
Lpeiaetarereleraertiet 6° 1119°2}23°2]a1°3}10°6| 1°9]....] TV]... .e eee Anthracite. 
PE pause BTL ARTOONs 26:0)14°0}18°0}) 8-0] 7°0} 770} 9°0) 6:0 5:0 ad 
Fara aie 25-0114°0/18°0] 8:0} 8:0] 5:0} 7:0) 7:0} 8:0 Bituminous. 
Blets ticle eieteusieretess 31-0112°6|20°0} 8:0} 7:0} 8:0} 9:0} 3°0 2°0 se 


————aeeiamminmmnmmnt) 


(a) 50-mesh sieve used. 


MAGNETIC CONCENTRATION. 


At Pitkéranta, Finland,*' with ore containing approximately 30% Fe, and 
4 to 5% S, 80 per cent. of the iron content is made up of magnetite, the particles 
being scarcely larger than 1 mm. The sulphur compounds are blende, pyrrhotite, 
pyrite and chalcopyrite. The gangue is hard serpentine and malacolite, and con- 
tains from 8 to 9% Fe. The plant consists of four Blake breakers, eight Gréndal 
ball mills, and eight Gréndal magnetic separators. The capacity depends upon 
the contents of the feed; with the ore described above the capacity is about 30 
tons per day; if a greater quantity is fed the separation is unsatisfactory. The 
separators require 4 current of six amperes with 31 volts. An average product 
with 61% Fe contains 0°6% 8; with 66% Fe contains 0°24% S and with 68% Fe 
contains 0°18% S. ‘he finished product is briquetted and heated to L200, © 
Without this heating the briquettes could only be handled cautiously for fear 
of breaking. 

Magnetic Separation by the Mechernich Separator.*?—The following results 
were obtained in experimenting with a blende ore carrying barite: with blende 
fines using 18 volts and 20 amperes, the zine contents were raised from 40°29 % 
to 49°04%, while the barite contents were reduced from 12°52% to 195%; 
95°2% of the zine contents were recovered. With blende fines middlings, the 
zinc content was raised from 31°73% to 39°66% ; this result would have been 
better had the material been dryer. With blende sands middlings, screened into 
two products, 0°5 to 1 mm., and 1 to 1°5 mm., using 21 volts and 41 amperes, 
the zine content was raised from 41% to 51%; the barite content lowered from 
56% to 05% and %8% of the zinc was saved. 


EEE 


’ 


31 Oesterreichische Zeitschrift, 1901, Vol. XLIX., p. 429. 
32 Berg- und Huettenmaennisches Jahrbuch, 1901, Vol. XLIX., p. 242. 
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The Waring System of Magnetic Concentration®® is in use at Webb City, Mo., 
for cleaning zinkiferous concentrates of copper and iron pyrites. The concentrates 
are dried, put through a 0°25-in. sieve, passed to a mechanical calciner which 
is adapted to desulphurize partially the pyritic material and to change ferric 
oxides and ferrous carbonates, chalcopyrite, etc., to the magnetic condition, with- 
out in the least degree affecting the blende or such other minerals as are to be 
separated by magnetic repulsion. The hot material is mechanically cooled and 
delivered to a Waring separator of the drum type, falling into the intense mag- 
netic field of the peculiarly arranged annular grooves of the machine, from which 
the diamagnetic blende is expelled by magnetic repulsion aided by centrifugal 
force; while every particle of magnetic material, no matter how low its magnetic 
permeability, remains attached to the polar rings, and is released upon arriving 
at the opposite side of the axis. The first product is quite free from magnetic 
particles and requires no further treatment. The paramagnetic product passes 
to a magnetic classifier, which removes the different minerals according to their 
magnetic permeability. Ordinary pyritiferous zinc ores from Galena, Kan., 
averaging 44% Zn, 15% Fe (valued at less than $10 per ton in the ore market), 
gave a product containing 64% clean blende assaying 64°2% Zn, the burnt pyrites 
contain 2°8% Zn; the value of the blende product (0°64 ton) from one ton of 
ore was $1792. 

A test on a lot of mixed Colorado sulphide ore concentrates (41 tons) worth 
$3°30 a ton at the mine, gave 19°5 tons of zine concentrates worth $17 per ton, 
and 21 tons of copper-iron concentrates worth $18°45 per ton. The cost of 
magnetic concentration was $1:10 per ton. The following table gives the values 
contained in the original material and the resulting products. 


After Magnetic Concentration. 
Original Contents. 


Zinc Concentrates. Copper-Iron Concentrates. 


| 
Gold.... erton.} 0°02 oz. per ton. 0°4 oz. per ton. 
Silver...| 5: terns 2:00 “ 4&4“ 10°90 % 8 bs 


Iron ....] 25°00% 


The Wetherill Separator,*4 treating an ore consisting of galena, blende, spathic 
iron ore (containing 12% Mn), with a quartz gangue has yielded a blende product 
with from 42 to 46% Zn, white the spathic iron contains only from 1 to 3% Zn. 
The tension is 65 volts, and the magnets work with a current of from 5 to 8 volts 
and from 12 to 16 amperes. With eight men, from 3 to 3:5 tons of ore are treated 
hourly at a cost of 1s. 5d. ($0°34) per ton. 

Magnetic Concentration®® has been tried on the Broken Hill, N. 8. W., sulphide 
ores, but commercial conditions prevent its use. 

Roasting Zinc Ores.—In the removal of iron from zine blende, Dr. Wm. B. 
Philips** finds the roasting temperature to be a very important factor; if over- 
roasted much iron is thrown over into the zinc heads; it is not necessary to 


38 Engineering and Mining Journal, Sept. 14, 1901, p. 328, 
34 Glueckauf, 1901, Vol. XXXVI., p. 1039. 

36 Tae MINERAL Inpustry, 1900, Vol. IX., p. 752, 

8° Engineering and Mining Journal, Nov. 30, 1901, p. 710. 
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remove more than one-third of the sulphur in roasting to obtain the best 
results. 

Strength of Electric Current.—E. Langguth*’ considers that the currents used 
in the electro magnetic separation of ore must have as low an intensity and as 
great a density as possible, that is to say, intense magnetic fields. The ore must 
be passed before the separating poles steadily and at as short a distance as 
possible; and the rate of speed at which this is done must depend on the mag- — 
netizability of the ore particles. Finally, the separation must be effected in 
homogeneous magnetic fields. 

At Naeverhaugen, Norway,** a red hematite ore containing from 40 to 60% Fe 
is being concentrated. 

Concentration by static electricity® is the object of a recent patent ; the device 
consists of an endless, electrified traveling belt, fitted with screen capable of 
electrical repulsive action. Above the belt are two suction hoods to draw off the 
electrified particles. 

Lhe Wetherill Magnetic Process of Ore Concentration is described in detajl 
by H. A. J. Wilkens, elsewhere in this volume. 


PNEUMATIC CONCENTRATION. 


Crown Dry Concentrating System.*°—After crushing the ore with rock breaker 
and rolls arranged to givé minimum fines, and sizing through a set of sieves 
ranging from 40- to 180-mesh, the different sizes of pulp are sent to the 
concentrator proper, which consists of a woven, corrugated, inclined belt travel- 
ing through a closed box with an air chamber under the superior portion. At the 
head or elevated end of the belt a blower is placed which discharges air hori- 
zontally into this chamber. The whole is mounted on a shaking table having 
a rapid vibratory motion to keep the pulp in active vibration. The air pressure 
in the box under the belt can only relieve itself through the interstices of the 
woven belt, and as this is running at an angle of 15° or less, the horizontal air 
column strikes it at an acute angle and passing through the belt displaces the 
lighter and worthless grains and causes them to move toward the lower or waste 
discharge, while the heavier and valuable portion being unaffected is carried on 
to the upper or concentrate discharge. A recovery of from 85% to 95% of the 
total sulphides is claimed. A 100-ton plant is in process of erection at the May- 
day mine, Tintic district, Utah. : 


O1L CoNCENTRATION. 


The Elmore Process.*—In treating 5,000 tons of Qlasdir ore, assaying 
15% Cu, 20 to 30 g. silver, and 2°5 g. gold per ton, an extraction of 80% of 
the values was obtained; the concentrates averaged 10% Cu, 250 g. silver and 
25 g. gold. The cost of treatment, including crushing, was $1:44 per ton; the 


87 Zeitschrift fuer Elektrochemie, 1899-1900, Vol. VI.. p. 500. 

38 Journal of the Iron and Steel Institute, 1901, Vol. LIX., p. 354. 
3° Electrical Review, 1901, Vol. XXXVIIL., p. 490. 

40 Engineering and Mining Journal, June 1, 1901, p. 694. 

41 Oesterreichische Zeitschrift, 1901, Vol. XLIX., p. 307. 
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oil consumption was from 2 to 2°5 gal. per ton of ore, and the sp. gr. of the oil 
was 0°9. 

An oil plant has been ordered for the Independence mine, Colo., and an option 
has been taken by Mr. Chas. Butters, representing the Elmore Co., on the tail- 
ings dump of the Mammoth Mining Co.,** Tintic, Utah, who will give the process 
a thorough trial. The accompanying table will show what this process has done 
in the laboratory on different kinds of ores. 


RESULTS OF LABORATORY TESTS MADE BY THE ELMORE ORE CONCENTRATING 
PROCESS ON VARIOUS ORES, SLIMES, TAILINGS, ETC. 


Percentage of 

Values Recov- 

ered in Con- Ratio of 
centrates. CGoncen- 


tration. 


Assay Assay 
Original Assay. of of 
Concentrates. Tailings. 
Description of Ore. 


Copper 


By | Silver. 


BQ 


trating Plant 
Copper Ore 
. Telluride Gold Ore. 
. Telluride Gold Ore... 
South African Gold Ore 
. Antimonial Gold Ore Tailings 
. Copper Ore 
. Silver Ore 
3. Magnetic Oxide, with Copper 
syle. 
) Oopper Ore. oc... esse eecce sree 
. Copper Ore 
. Copper Ore 
. Copper Ore 
. Artimonial Gold Tailings 
. Antimonial Gold Slimes....... 
. Magnetic Oxide, with Copper 
Pyrites 
. Slimes from Silver Mines 


COND TOROS 
o 


totet tet etet at 
oo0000000 
Pe ee 


Be on Re oO oot 
o 


atctet ett atc 
ooo0o000 


0° 20|0°327)- +++. 
1°30)1°147)----. 


. Cinnabar (Quicksilver Ore)... 
. Cinna»var (Quicksilver Ore)... 
. Cinnabar (Quicksilver Ore)... 


(a) Trace. (b) Nearly. 


The advantages claimed for this process are as follows: (1) saves the finest 
slimes; (2) can be used after wet crushing without classification; (3) requires 
little labor and power; (4) relatively low cost of installation, and small floor 
space; (5) low operating cost; (6) small water consumption; (7) clean concen- 
trates; the presence of oil is no disadvantage; (8) ‘gives separations impossible 
with water, such as copper pyrites from magnetite; (9) mechanical appliances 
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permit a clean plant, and oil loss is from 1 to 3 gal. per ton of orei; (10) the 
plant can be enlarged easily; and (11) can work on a great variety of ores.** 


CoaL WASHING. 


At the Donk Bros. Washing Plant,** designed to wash 60 tons per hour, the 
raw coal is divided into four sized products by a triple-jacketed screen. The 
three nut coal sizes go to special jigs which deliver clean nut to the draining 
elevators and screens. The fine coal goes to a hydraulic grading sizer. This 
is aY-shaped box having compartments corresponding to the fine coal jigs. 
Each different product from the box goes to a special fine jig having a special 
crushed feldspar bed. The clean coal is sluiced from the fine jigs to the drying 
screen having 0°125-in. openings. The refuse from the nut coal jigs and the 
waters draining from the nut coal drying screens and the same for the fine coal 
vo to separate sludge elevators which elevate the refuse while the fine coal dust 
drains out with the water (through the perforations in the buckets), and the fine 
coal dust is afterward settled out and saved. The clarified water is pumped over 
again through the circuit. 

Attention is called to the following special features of this plant: (1) the ex- 
treme and careful grading into different sizes, and washing each size in a jig es- 
pecially made and adjusted for it; (2) the arrangement of the whole plant with a 
view to minimizing labor, three men only being required to run it; (3) the effec- 
iive arrangement for settling the water, and the automatic and continuous re- 
moval therefrom of sludge and refuse, clarifying the water, and saving all the 
fine coal dust; (4) the effective arrangement for drying the washed coal. 

New Coal-Screening and Washing Plant at a Belgian Collvery.°—Coal up to 
2°5-in. size is screened, the total output passing to coking ovens. There are five 
products from the four-part conical screen; the finest product or dust, is passed 
without washing via elevators, etc., directly to the storage bins; the four larger 
sizes are sluiced down chutes to the washing plant arranged on the Francou 
system. 'The largest three of these sizes are treated each’ in a separate washing 
tank (jig). The fourth or smallest size (next to the dust) is treated in two 
washing tanks. The stones (waste) from all five of these washing tanks are 
washed over again in a sixth tank and are then sent to a storage bin. The fine 
slates traversing the filtering bed and the washing table do not contain any coal 
whatever, but are discharged to settling tanks. The washed coal is drained on 
sloping tables and in perforated sloping troughs up which they are elevated and 
finally crushed in a Deville crusher and elevated to the storage bins. The washed 
coal must not contain more than 8% moisture on leaving the washing plant, in 
order that it may be crushed and delivered to the storage towers dry enough for 
coking. 

The Screening of Anthracite.*°—At the breaker of the Delaware, Lackawanna 
and Western Railroad, the entire product, barring the fines, can be turned out 


ee eo 
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at any desired size merely by a convenient system of by-passes which chute the 
sizes larger than are desired back to the crusher and screens. 

Coal briquetting*" is carried on as follows: the undersize from an 8-mesh re- 
volving screen is conveyed to a heater; the oversize goes to rolls and thence to 
a heater; the temperature is brought up to about 300°F.; the coal then passes to 
a double bladed screw conveying mixer, at the bottom of which hot pitch is 
introduced. The mass is thoroughly mixed and conveyed to the press. Briquettes 
are made from United States bituminous coals with as low as 4% binder; some 
Western lignites can be successfully briquetted with 6%. The pressure can be 
regulated up to 5 tons per sq. in. Machines are of 12, 25 and 50 tons capacity 
in 10 hours. The largest briquettes are 3 in. in diameter and 3 in. long. 


CLay WASHING. 


This subject has been very well described by Prof. H. Ries, in his article, 
“Clay,” in THe Minera Inpustry, 1901, Vol. IX., p. 107. 


47 Colliery Guardian, 1901, Vol. LXXXI., p. 38. 


LIQUEFIED CARBONIC ACID GAS. 
By AvuGUSTE J. ROSSI. 


Occurrence.—Carbon dioxide, carbonic anhydride, or as it is commonly but 
erroneously called, “carbonic acid gas,” is widely distributed in nature. In the 
gaseous condition, it forms an essential element of the atmosphere to the extent 
of four volumes in 10,000; and it is given off spontaneously from the fissures of 
rocks in certain grottoes; it is also found at the bottom of the shafts of a 
few lead mines in France. Under the influence of light, plants decompose the 
carbon dioxide of the atmosphere, retaining the carbon to aid in building up the 
plant structure and setting free the oxygen; carbon dioxide is also found in soils, 
from which it is extracted by rain and other surface waters. It is the ultimate 
product of the fermentation of many liquids as well as of the destruction of 
organic matter and it is a product of the combustion of all carbonaceous fuels. 
It occurs dissolved in many mineral waters as alkaline carbonates. In solid com- 
bination, it forms the carbonate groups of minerals embracing limestones, calcite 
and many important ores of the metals,—iron, copper, lead, zinc, ete. 

Properties.—Carbon dioxide is a colorless gas of pungent taste and while not 
supporting combustion or respiration it acts passively by excluding the proper 
amount of air. It has no corrosive action on metals or fabrics. The gas is 
heavier than air, having a sp. gr. of 1°5241 at standard temperature and pressure 
(0°C. and 760 mm.). . 

It is soluble in water which can absorb about two volumes at 32°F. and atmos- 
phere pressure, the solubility increasing as the pressure increases and the tem- 
perature diminishes. It can be compressed to a colorless and very mobile liquid 
of a sp. gr. nearly that of water, viz.: 0°9474 at 0°C.; 0°8825 at 42°F.; 0°7385 
at 65°F., and only 0°60 at 86°F. The liquid is slightly soluble in water and 
boils at —78°5°C. (—108°F.) at the normal pressure of the atmosphere; at 
13°F. under a pressure of 17 atmospheres (255 lb.) and at 77°F. under 66 atmos- 
pheres (about 1,000 Ib. per sq. in): 

When a mixture of liquid carbon dioxide and ether is brought under the vacuum 
of an air-pump, the temperature drops to —110°C. (—110°F.), which is sufficient 
to solidify the liquefied acid to a transparent ice-like mass. The latent heat of 
cvaporation of the liquid at 0°F. is about 125 thermal units per pound, diminish- 
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ing very rapidly as the temperature rises and falling to 19°28 thermal units at 
86°F. 

The liquefaction of carbon dioxide gas was first made by Faraday as a laboratory 
experiment and later by Thilorier to an important amount in an apparatus which 
has since become classic and which perfected by Neuterer of Vienna and Bianchi, 
could furnish several pounds of the quid. In a general way the principle of the 
apparatus is to generate the gas in a closed vessel by any well-known chemical 
reaction, the gas itself making the pressure required to hquefy it; in this form it 
is distilled from the generator into a receiver of iron or steel connected with the 
generator and properly cooled in a freezing mixture. The receiver, generally a 
cylinder capable of resisting high pressure, is provided with the proper valves and, 
according to its position, can furnish gas if the valve be opened, or liquid if the 
receiver be inverted. In the latter case, the liquid carbon dioxide escaping 
will vaporize instantly in the air, producing so low a temperature by the evapora- 
tion and expansion of the gas produced that a part of the liquid is solidified in 
the form of a snowy-white substance which may be collected in a proper re- 
ceptacle as it flows from the cylinder. This “snow” can readily be kept for 12 
hours or more in a woolen cloth; it gradually returns to the gaseous state, pro- 
ducing an intense cooling effect by the double change of state from solid to 
liquid and liquid to gas. Two pounds of liquid carbon dioxide can readily 
furnish 1 lb. of snow. Many ingenious contrivances have been devised to pro- 
duce important quantities of this snow. 

Carbon dioxide, being a weak acid radical, it is readily obtained in the gaseous 
state by the decompositions of the carbonates by a stronger acid. 

Applications and Uses.—In the gaseous state carbonic dioxide has had for 
years an important use in the manufacture of beverages charged with the gas 
under pressure, as water, wines and the like. The apparatus formerly adopted, 
while well constructed for the purpose, was cumbersome, and called for special 
manipulations which obviously could be avoided if the gas could be supplied 
in a liquid form which could give out by its evaporation several hundred times 
its volume of gas. For many years, however, liquid carbon dioxide remained a 
curiosity of the laboratory, but for the last 20 years its production has become 
quite common, thanks to the development of the mechanical arts in general and 
to the advent of steel in particular, which furnished cheaply vessels capable of 
sustaining the great pressure generated. It was first prepared on an industrial 
scale in Germany by Dr. Raydt, of Hanover, who in 1879 used it for the novel 
purpose of floating a sunken German ironclad, the Grosser Kurfiirst, which 
had been sunk by a collision in the channel. The necessary amount of gas was 
evolved in strong impervious canvas bags and the submerged vessel was raised 
to the surface. Since that time liquid carbonic dioxide has entered into the 
industrial practice, and in 1887 its manufacture in Berlin alone amounted to 
one‘ton daily. Notwithstanding the enormous pressure of from 800 to 1,000 Ib. 
per sq. in. prevailing in the flasks in which it is stored, it can be safely handled, 
and in Europe no accident has attended its use. The receivers are of drawn 
or lap-welded steel cylinders, tested to a pressure of 3,000 to 3,500 lb. per sq. in. 
(250 atmospheres). They contain 20, 30 and 36 lb. of liquid and are filled 
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at a pressure of about 800 lb. The empty 20-lb. size cylinder weighs 90 lb. and 
measures 43 in. in height by 7 in. in diameter. The bottom is made concave 
and the top is drawn to a neck in which a proper screw plug is fitted. At a 
temperature of about 68°F. the pressure inside is 849 lb. per sq. in., and at 
86°F. about 1,000 lb. per sq. in. In some tests made about a year ago by the 
Scotch & Irish Oxygen Co., of Glasgow, vessels of this type filled at a pressure 
of 1,800 lb. per sq. in. were allowed to fall 35 ft. on to iron blocks and otherwise 
severely treated without damage further than bending and a certain loss of shape. 

One of the principal applications of liquid carbon dioxide is for the manu- 
facture of carbonic or “soda” water and other beverages. By its use not only 
are the manipulations considerably simplified, but the amount of carbon dioxide 
introduced can be accurately regulated at pleasure. One pound of liquid carbon 
dioxide will produce about 8 cu. ft. of gas at atmospheric pressure, that is, over 
500 times its own volume. The property of carbon dioxide not to support com- 
bustion indicates its use as a fire extinguisher in the liquid state, since in a 
small volume of the latter is disposed a large amount of gas, and its price, low 
as it has become, appears to be the only objection to its use for this purpose on 
a large scale. A portable apparatus containing liquid carbonic dioxide would 
prove very effective. 

On board vessels, in case of conflagrations in the hull or elsewhere, the use of 
liquid carbonic dioxide would be of great value, as a large volume of gas would 
be immediately available and the cylinders would occupy but little room on or 
between decks. The great advantage of carbonic dioxide is that it does not 
injure the fabrics in any way. It is remarkable that its application in this direc- 
tion has not become more general. It has been used with great advantage to 
extinguish an underground fire in a certain colliery. The building off of the 
heading not having succeeded in smothering the conflagration, resource was had 
to liquid carbon dioxide. Ten 20-Ib. cylinders of the liquid were connected with 
a 2-in. drain pipe having 0°75-in. branches placed at intervals of about a foot, 
and the flow of gas directed on the fire. The results were entirely satisfactory. 

As the liquid evaporates cold is produced and the low temperature at which 
the gas escapes from the cylinder is in itself a favorable factor, but, as this low 
temperature may cause the discharge valves of the receivers to choke when the 
gas is generated, the cylinder, while being emptied, may be immersed in water 
kept lukewarm by a jet of steam, a proceeding however which is not unattended 
with danger. 

In England and Germany liquid carbon dioxide costs 4@5c. per lb., and 
it is considered by Cowles that in an atmosphere containing 15% CO, flame 
will be extinguished. On this basis the test of carbonic dioxide for fire ex- 
tinguishing purposes is about 2% per cu. yd. of space to be filled. This may 
appear a large figure, but in case of a fire in a mine, flooding by water involves 
a subsequent pumping as well as the stopping of mining operations and may 
amount to more than the cost of the carbon dioxide. In an ordinary fire in a 
town it is a question if the spoiling of goods by water would not amount to 


1 Abstract of a paper in Transactions of the Federated Institute of Mining Engineers, reproduced by 
the Engineering and Mining Journal, Vol. LXVIII., No. 6, Aug. 5, 1899, 
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more than the cost of liquid carbon dioxide. On a limited scale? liquid carbon 
dioxide has been used for cooling test pieces of rails, wheel-tires, stoves, etc., 
by wrapping the pieces in several thicknesses of coarse cloth, placing them in 
a tight and well insulated box and directing on them a jet of liquid carbon 
dioxide, which, by solidifying packed them in the snow thus formed. Carbon 
dioxide gas has been suggested as a means of preserving perishable articles in 
transportation in cars made air-tight by a zinc lining.* By creating an atmos- 
phere of the gas in the cars, air,—the cause of the decay,—is excluded. In this 
line a relative success has been secured. Beef meat has been thus preserved for 
eight days in summer without change, and for 14 days with but little change; 
but mutton and veal would not keep. However, fruits have been sent without 
deterioration from California to Chicago in cars containing an atmosphere of 
carbonic dioxide, at a cost of $125 per car; cylinders of liquid carbon dioxide 
were used to create and maintain the antiseptic atmosphere. Butter also has 
been preserved in the same manner. It is a question however whether this use of 
liquid carbon dioxide will ever be of commercial benefit. 

As the gas is supplied from the cylinders at a high pressure, it has been sug- 
gested to use it to propel torpedo boats, street vehicles, locomobiles, or the like. 
The negative chemical properties of carbon dioxide render it particularly adapted 
for purposes of this kind. 

Liquefied carbon dioxide is now being used for raising beer* instead of the 
ordinary pump. A valve is attached to the cylinder, which reduces the pressure 
to about 4 lb. per sq. in. or whatever pressure is required to raise the beer from 
the cellar to the tap. An air-tight connection is made for the top of the barrel 
and the pressure not only elevates the beer in good condition, but it is said to 
improve it as the level gets lower in the barrel. The antiseptic qualities of the gas 
makes its use preferable to that of the ordinary beer engine. Liquid carbon 
dioxide has been found advantageous in bottling beer also, and beer thus bottled 
matures in three days instead of three weeks. 

The liquid has found a very extensive application for refrigerating purposes, 
either for making ice or for cooling rooms for the preservation of perishable 
articles,—packing-houses, abattoirs and the like; and it is now used in mechan- 
ical refrigeration in competition with ammonia, sulphur dioxide, methy) chlo- 
ride, and other volatile liquids. Without describing the mode of working of the 
various refrigerating machines or stating the volatile liquid used, the modus 
operandi is the same ; they differ only in the details of the mechanical contrivances 
employed to meet the special-requirements of each liquid. Liquid carbon dioxide 
as a refrigerating agent has the advantage of requiring the smallest capacity of 
compressing and exhausting pump for a given amount of cold obtained, but it 
does this at the expense of very considerable pressure necessitating particularly 
strong and well-built machines. In this particular line of application objections 
have been raised against its use in very warm climates. There appears to be for 
each fluid a temperature at or above which it passes into the gaseous state no 


2M. Ph. v. Haller, in Industrie Zeitung, of Riga. 
3 Ice and Refrigeration, Vol. VII., p. 236, and others. 
4 Ibid., Vol. IX., p. 254. 
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matter to what pressure it is subjected.® This temperature is called “the critical 
point,” and above it the fluid is considered uncondensible gas. The critical point 
for carbonic dioxide has been determined by Andrews at 86°F .; that is, according 
to our present knowledge. Above this temperature carbon dioxide can only exist 
in the gaseous form and. cannot be liquefied by removing the latent heat of 
evaporation, whatever may be the pressure. This seems to be in contradiction 
with actual. action of carbon dioxide refrigerating machines operating in the 
tropics at temperatures above 86°F. even as high as 94°F. These machines are 
stated to give fully ten times the refrigerating effect which could be expected 
from carbon dioxide if it were acting simply as an uncondensible gas at these 
temperatures. Windhausen is the authority for this statement, which is fully 
confirmed by other large builders of machines, over 40 being now in successful 
operation in the tropics or on board of refrigerating ships at temperatures above 
86°F. While a detailed discussion of this question which has somewhat puzzled 
technical engineers and scientists is hardly in place here, it has been deemed 
advisable to state briefly the two sides of the question. 

A scheme has been proposed to use liquid carbon dioxide as a refrigerating 
‘agent for a “‘pipe system” to supply cold in the same manner as heat or steam is 
furnished in certain cities. It consists in laying under ground special pipes, 
well insulated, in which the liquid would be circulated and delivered to the cus- 
tomers for the purpose of cooling ice-boxes and refrigerators or even of making 
ice for their own use. Without entering into details it can be conceived that if 
liquid carbon dioxide fills certain receivers at the customers’ place from the dis- 
tributing pipe, it can be tapped as a gas at a very low temperature in a system 
of coils properly disposed in the refrigerator ; the evaporation in the receiver itself 
producing also an intense available cold and the gas resulting from the evapora- 
tion could be returned to the works to be liquefied anew after having produced 
the desired cooling effect, or wasted, if the carbonic dioxide could be produced 
as a by-product at a nominal price. Considerable capital has been invested in 
a certain city in the West for such a scheme; pipes were laid down and works 
constructed, but so far no official notice of its success has come to hand. Among 
possible causes of failure are the many difficulties inherent in a “pipe system” in 
general, which even with steam has not been particularly successful. 

Manufacture.—Liquid carbon dioxide can be manufactured in four ways :— 

(A) Directly from the natural gas. 

(B) Indirectly from the carbon dioxide gas generated during the fermentation 
of liquids. 

(C) Indirectly from the gas resulting from the combustion of coke or other 
fuel. 

(D) Indirectly by the decomposition of the carbonates, dolomite, calcite, mag- 
nesite, and even ammonium carbonates. 

Tests made by Mr. Simon Thomas® show that the liquid carbon dioxide ob- 
tained by these methods is very pure, the product from the natural gas being 


5‘*Compend of Mechanical Refrigeration,” by J. E. Siebel, and discussion of the question in Ice and 
Refrigeration, Vol. I. to XI., by sundry writers. 
6 Moniteur Scientifique, quoted by Génie Civil, Vol. XXXVII., No. 21. 
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if anything the purest. The impurities are mainly carbon monoxide (CO) and 
watery vapor. The following analyses are quoted of the product obtained by the 
different processes :— 


Vessel Content. Residue. 
Kilograms. Weight. Grams. Composition. 
Process Mises G.tces sites 10° 0-52 ere eae 
IPrOCESS.B facie bene es Practically the same as “A, 
IBPOCESS Oi 3% Utero cones cs 60 0°5 Contained water. 
Process D.—Magnesite .... 10°1 1 Water and trace of CO. 
Process D.—Calcite........ 9°9 8°5 Water and trace of CO. 


Process A, Using Natural Gas.—The conditions under which the natural gas 
escapes from the earth determine the particular mode of collection. The collected 
gas.is practically pure, containing but little watery vapor. It is carried through 
pipes from the source of supply to a dessicating tower containing calcium chlo- 
ride which frees it from moisture; an intermediate gas holder may be used to 
store it. From the tower it passes to the compressors and is liquefied. The 
product is then filtered through charcoal and stored in steel cylinders for use. 

Process B, Using Gas Collected from the Fermentation of Beer or Other 
Inquids.—A description of this process, first carried out at the Guiness brewery, 
in 1890, is given by A. Marcet, as follows:’ The quantity of carbon dioxide gas 
evolved during fermentation is approximately equal in weight to the alcohol 
produced. In breweries the rapid evolution of the gas begins in about 20 hours, 
and in distilleries in about 6 or 8 hours after “pitching” and for some time after 
the evolution is sufficiently rapid and regular to allow it to be drawn off by 
pumps without fear of entangling the air. If air is drawn into the compression 
pumps, however, it can be removed by a special release valve. For collecting the 
gas the ordinary parachute or “skimmer” is used having a hoisting gear which 
permits it to be kept above the head of the yeast. The level of the carbonic 
dioxide gas in the vat is ascertained by an ordinary collodion air balloon, which 
floats on the upper surface of the stratum of gas. The collection is stopped as 
soon as the evolution of gas becomes slow. A three-stage compressor is used, 
the gas being pumped after the first stage (15 lb. per sq. in. compression) by 
passing through strong sulphuric acid water and a weak solution of potassium 
permanganate. To purify 100 lb. of carbon dioxide gas requires 5:5 lb. sulphuric 


acid, 0°75 oz. of permanganate and 0°75 oz. sodium carbonate. The pressure - 


in the third stage reaches about 60 atmospheres; from this stage the gas passes 
to the condensing coils, which are cooled by a circulation of water, and is there 
liquefied. The intermediate collecting vessel and the receiver or drum are sus- 
pended on special balances (Sattie’s), so that the attendant can see at once when 
they are full. The gas obtained in this way is 99°5% pure and is odorless. The 
cost of the liquid carbonic dioxide, including labor and interest on capital, is 
about £3, 10s. a ton, and in 1895 it sold at £18 a ton. 

In other breweries Kuhler’s method is followed,* which consists in placing over 
the vat when the fermentation is well started, a cover which closes it hermetically. 


7 Transactions of the Institute of Ga: Abstract in Ice and orem Vol. [X., No. 4, 1895. 
8 Ice and Refrigeration, Vol. IX., p. 254, 1895-1896, and others; Génié Civil, Vol. XXIX., No. 5, p. 75, 1896. 
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Pipes from this cover deliver the gas to a gas holder from which it is drawn by 
3 pump and forced through a calcium chloride column to deprive it of its moisture. 
From this it is discharged under a pressure of 10 atmospheres into a desiccating 
vessel containing concentrated sulphuric acid. From the desiccator the gas is 
forced into a water-cooled coil from which a second compressor forces it through 
a cotton filter, discharging it under a pressure of 70 atmospheres into a steel 
receiver immersed in cold water. One hectoliter of beer (about 26°5 gal.) will 
yield 1°5 kg. (3°6 lb.) of liquefied gas. 

Process C, Using Gases from the Combustion of Fuel.—At the Da Road Works, 
Old Fords, England, the process is carried on as follows:? The carbon dioxide 
gas is produced by the combustion of coke in furnaces having two boilers or vats 
which form a part of the apparatus, the waste gases are passed through scrubbers 
having a continuous circulation of potash lye, which absorbs the carbon dioxide. 
This solution then passes to the boilers or vats, where the absorbed carbon dioxide 
gas is disengaged by heat and subsequently collected, purified, and sent to the 
compressors. The potash lye thus deprived of its carbon dioxide gas is returned 
to the scrubbers for further use. The sulphur contained in the coke is trans- 
formed into sulphur dioxide by the combustion, and, as the gas would combine 
with part of the potash solution and waste it, the mixed gases, carbon dioxide, 
and sulphur dioxide, as they leave the furnace, are washed first in hot and then 
in cold water, which readily dissolves the sulphur dioxide to the extent of about 
35 volumes, the carbon dioxide gas being only sparingly soluble. To wash the 
waste gases they are pumped into special vessels containing small fragments of 
marble through which water circulates, first hot in one vessel, then cold in the 
other; before reaching the washers the hot furnace gases are utilized to heat 
the wash water by circulation through coils. The gases thus washed and de- 
prived of sulphur dioxide and other impurities are pumped to the absorbing 
towers, filled with coarse fragments of coke over which flows a continuous supply 
of lye solution. This solution absorbs the carbon dioxide gas and is collected in 
a special reservoir from which it is pumped to the boilers or vats, and there 
deprived of its carbon dioxide gas content. The normal pressure in the boilers 
is about 5 lb. per sq. in. The purified carbon dioxide gas is collected in a gas 
holder which supplies water-jacketed compressors of the three-stage vertical type, 
operated by a 20-H.P. engine. The first compressor is of the double-acting 
type and compresses the gas to 20 Ib. per sq. in., discharging it into a purifier, 
where the last trace of moisture is removed by calcium chloride. The second 
compressor, single acting, delivers the gas at 125 lb. per sq. in. to a series of 
water-cooled coils before it reaches the third compressor, a single-acting one 
also, where it is compressed to 70 atmospheres (about 1,000 Ib. per sq. in.) and 
liquefied in a properly cooled condenser. These plants have a capacity of 10 
tons of liquid carbon dioxide per day. 

Process D, Using Gas Produced by the Decomposition of Carbonates.—In the 
Osborne process bituminous coal is used instead of coke, and the distillation is 
made at a low temperature, furnishing maximum amounts of coal-tar and am- 


® London Engineering, Oct. 21 1899; reproduced by Génie Civil and Engineering and Mining Journal, 
Oct. 21, 1899. 
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moniacal products. The illuminating and fuel gas produced is utilized to operate 
the gas engines for the compressors as well as to supply all the power required in 
the works. The coke remaining in the retorts as the ultimate product of the 
distillation of the bituminous coal, is used for making water-gas for calcining 
the limestone (calcite) in closed retorts. These retorts are of a spherical construc- 
tion and superheated steam is added, which expels all the available carbon dioxide 
in the calcite. The gaseous product is washed and deprived of moisture before 
being liquefied by the compressors. The chemistry of the process has been fully 
endorsed by Prof. B. Stillman, who claims: that the distillation of the soft coal 
can readily furnish a producer gas of a heating power of 165 thermal units 
per cu. ft.; that the price of the by-products,—tar and ammonia liquids,—will 
offset to a large extent the cost of generating the gas; that the use of superheated 
steam in the calcite retorts will secure a maximum yield of carbon dioxide. 
This process was used in connection with the pipe line referred to above, and 
it was estimated that, with coal at $3 a ton, calcite at $2, ammonia liquors at 
tc, per Ib., coal tar at 5c. per lb., and pure calcined lime at $5 per ton, the 
liquid carbon dioxide could be furnished to customers at $6 per ton; in fact, as 
far as cost is concerned, the liquefied gas itself could be considered a by-product— 
at least it was so stated. 

The calcination of limestone, either dolomite or calcite, can be accomplished 
in intermittent kilns, in kilns with alternate layers of fuel and stone, in com- 
partment ovens (Hofman), or in kilns similar in construction to ordinary brick 
kilns. In all cases the carbon dioxide gas, more or less impure, is collected, 


vurified and condensed to the liquid state by compressors, as described above. The 
2 


heat necessary for the decomposition of the carbonate is furnished in many plants 
by fuel charged with the limestone, but special contrivances have been devised 
by which the heat can be supplied by producer gas or mineral oils. Kilns or ovens 
using gaseous fuel give the purest product. 

The kiln of Vigreux & Desclosages is used considerably in France.?° It is 
circular in shape, and charged with a closed top, like a blast-furnace. Around 
the circumference are arranged inlets for the producer gas which is burnt by 
admissions of air in special burners. It is claimed that the limestone is com- 
pletely calcined after one and a half hours in the zone of heat where the tem- 
perature reaches 1,000 to 1,100°C. (1,800 to 2,000°F.). The calcined product 
is withdrawn every hour or so; at the same time a fresh quantity of stone is 
charged at the top. The average production for one year of operations was 
1,000 kg. of calcined lime for 208 kg. of coke from gas works. The gases at top 
(carbon dioxide and nitrogen) are collected as in the blast furnace for iron and 
an analysis gave the following composition by volume: CO,, 34%; O, 0°5%; 
CO, 0:24% ; N, 65°25%. The difference of specific gravity of nitrogen (less 
than 1) and of gaseous carbon dioxide (1:5) allows of a ready separation in 
a gas holder. 

Of a still greater industrial importance is the use of magnesite (magnesium 
curbonate) which yields magnesia, the carbon dioxide gas being obtained as 
a by-product. Magnesia is the basis of the magnesite bricks used largely for 


10 Génie Civil, No. 7, Vol. XXXVI., p. 107. 
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special requirement in the construction of metallurgical furnaces. Calcined mag- 
uesia is worth from $15@$19 per ton, while lime is worth about $5. While 
magnesite occurs in many parts of California, but from 2,000 to 3,000 tons a 
year reaches the market from this source, owing to the cost of transportation. 
In 1900, 28,000 metric tons of magnesite was imported from Europe, some from 
Styria, but principally from Eubcea, Greece. Good Styrian magnesite contains 
from 90 to 95% MgCO,, 1 to 2% SiO,, 0°5 to 2% CaCO, and FeO up to 6%. 
The Eubcean magnesite averages 95 to 98% MgCO,, and is generally free from 
iron oxide and silica. One hundred pounds of pure magnesium carbonate will yield 
47°6 lb. MgO and 5274 lb. CO,, while the same amount of pure calcite will yield 
only 44% CO,. In manufacturing liquid carbon dioxide from magnesite, the 
following method is used: The furnaces are circular in shape and mounted on 
columns. They are 10 ft. in diameter, 15 ft. high above the columns and have 
a total height of 23 or 24 ft. Inside the furnace and projecting a little from the 
masonry at top and bottom are seven vertical iron pipes, 12-in. inside diameter, 
and open at both ends. The magnesite, crushed to egg size, is charged in these 
pipes, their lower ends being previously hermetically plugged after charging; 
the pipes are closed at the top in a similar way. The furnace is heated with gas 
fuel (mineral oil burned in proper burners), inlets being supplied for the heating 
gases and outlets for the products of the combustion. The pipes are connected 
at their upper ends with a common 6-in. pipe which collects the carbon dioxide 
gas resulting from the calcination of the carbonate. The charging is made from 
a small wagon provided with a chute which circulates on a movable platform car 
allowing the different furnaces to be successively charged. One furnace is gener- 
ally charged in the morning and the calcination proceeds for 20 hours, which 
1s sufficient to expel practically all of the combined carbon dioxide. ‘The stone 
when discharged from the retorts contains 95 to 96% MgO. If calcined at a 
comparatively low temperature the calcined product will absorb water and car- 
bon dioxide after a few days, analyzing then only 94% MgO. The carbon dioxide 
gas as it leaves the retorts circulates through water-cooled coils, where its tem- 
perature is lowered and then passes to the gas holder of a capacity sufficient for 
3,000 or 3,500 lb. of gaseous carbon dioxide (approximating 30,000 cu. ft.). 
From the gas holder the gas is purified and delivered to the compressors, which 
liquefy it and deliver it to the steel cylinders. wo men can fill 20 drums in an 
hour. There are many other arrangements used to calcine magnesite or other car- 
bonates, but the method described above will suffice for the purpose of illustra- 
tion. 
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United States—(By J. C. Minor, Jr.)—There are 19 companies engaged in 
the liquefaction of carbonic acid gas in the United States and two in Canada, 
whose names and addresses are given in the table on the following page. 

At six of these plants the gas is prepared directly from the natural carbonic 
acid gas arising from mineral springs. Hight of the plants obtain their gas from 
the fermentation of liquids, nine from the combustion of coke, and twelve from 
the decomposition of carbonates, either by heat or by wet processes. 
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Name of Company. 


New York, N. Y. 

San Francisco, Cal. 
Bishop & Babcock Co Cleveland; New York; Chicago; St. Paul. 
Crescent Chemical Co Brooklyn, N. Y. 
Canadian Carbonate Co Quebec, Can. 
Carbon-Dioxide & Magnesia Co Philadelphia, Pa. 
Chicago Aériform Co Chicago, Il. 
Hecla Compressed Gas Co Chelsea, Mass. 
Lennox Chemical Co ne RET Bes errs i o 

Rone : é a Chicago; New York; Pittsburg; St. Louis; Milwaukee; Cincin- 

Liquid Carbonic Acid Manufacturing Co. nati; Baltimore; Minneapolis; Kansas City. 
Liquid Carbonate Co Toronto, Ont., Can. 
Merrimac Chemical Co Boston, Mass. 
Buffalo, N. Y. 
San Francisco, Cal. 
Saratoga Springs, N. Y. 
Geysers Natural Carbonic Acid Gas Co Saratoga Springs, N. Y. 
Lincoln Spring Co Saratoga Springs, N. Y. 
Saratoga Natural Carbonic Acid Gas Co....| Saratoga Springs, N. Y. 
Saratoga Sprudel & Carbonic Acid Gas Co..| Saratoga Springs, N. Y. 
Champion Natural Carbonic Acid Gas Co...| Saratoga Springs, N. Y. 
Pratt Laboratory : Atlanta, Ga. 


Saratoga Springs, N. Y., is the only place in the United States at which 
natural carbon dioxide gas is liquefied. For over a hundred years several car- 
bonated saline springs have been flowing naturally to the surface under con- 
siderable pressure due to the contained gas, notably the High Rock and the 
Hathorn Springs. The volume of water and gas delivered through these natural 
crevices is quite small, but by drilling many springs to depths of between 100 
and 600 ft. Saratoga has become most prominent as a watering place. 


In geologic occurrence all of the springs are located along the line of a fault 
passing through the town from the northeast to the southwest. The wells are 
generally drilled 6 in. in diameter, and extend down and through the strata of 
the Hudson river shale until the Trenton limestone is reached. Wells that have 
been drilled through the limestone formation as far as the underlying Potsdam 
sandstone have always been weakened in force. About 20 springs in the village 
are used for drinking purposes, while those used for gas production, about 20 
in number, also, are situated along the line of the fault 1:5 miles to the south- 
west. The latter are of greater output in gas and water than those in the village, 
the production being frequently aided by pumps. The average spring used for 
producing carbon dioxide gas will yield about 400 lb. of gas per 24 hours, with 
a flow of water from 5 to 6 gal. per minute. In a few cases the flow of the spring 
has been more than quadrupled by pumping. The gas is separated from the 
water at the mouth of the spring and is piped to the gas holder from which it 
is subsequently drawn off and purified by passing it through dryers and purifiers. 

The natural carbon dioxide gas contains about 0°5% of air, a much less quan- 
tity than occurs in gas produced by other processes. A trace of hydrogen sulphide 
is frequently found, although several of the companies make no effort to remove 
this impurity. 

It is obvious that the cost of manufacture of liquefied carbonic acid gas is less 
at Saratoga than by processes carried on elsewhere, but because of the geologic 
conditions, the supply of gas is limited and the local companies can hardly become 
a controlling factor in this industry. As late as 10 years ago, the ordinary price 
of carbon dioxide gas was about 20c. per pound, and even at this price its greater 


os 
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convenience led to its rapid adoption, principally in the manufacture of carbon- 
ated beverages. The price is determined more by the length of time that the 
steel cylinders are kept by a customer than by any other factor. At the present 
time it ranges from 5 to 12c. per lb. with an average of about 7c. in the supply 
of all classes of trade. 

The large consumer who prefers to make his own carbon dioxide gas rather 
than to purchase the liquefied product, and whose consumption may, roughly 
speaking, average 10,000 lb. a year, can manufacture gas from a carbonate for 
about 3°5c. per lb. including waste and labor. 

It has been impossible to obtain exact figures of production, but the estimate 
for the United States and Canada during 1901 of 14,000 short tons of liquefied 
carbon dioxide gas is substantially correct. On the surface this does not indicate 
a very large industry, nor is it when measured by the amount of money invested. 
The total value of the cylinders owned in the United States by all the companies 
is estimated at $2,000,000. The magnitude of the field of operation is best shown 
however in the fact that the amount of gas manufactured in 1901 in the United 
States was sufficient to carbonate over 150,000,000 gal. of soda water, a use for 
which the greater part of the liquefied gas was consumed. 

Germany.—The development of the liquid carbon dioxide industry has at- 
tained great prominence in Germany,” and 29 firms owning 39 carbon dioxide 
works have formed the Deutsche Kohlen Actien Gesellschaft. This does not in- 
clude however the largest independent works, which alone supply the entire 
German demand. 

The branch of the industry in Wiirtemburg threatens the manufacture of car- 
bon dioxide gas from coke or lime as the natural gas wells up from the earth 
in the valley of Eyachthal on the upper Neckar, and can be collected at a nominal 
cost. One firm in this locality, with a capital of $500,000, possesses 30,000 steel 
drums, and to avoid freight on them extremely strong iron tank-wagons each of 
10 tons’ capacity are used to transport the liquid carbon dioxide in bulk to Zurich, 
Berlin and Vienna, where the steel drums are charged for local distribution. 
In 1898, 2,950 tons of liquid carbon dioxide valued at $150,000 were exported 
from Germany, and in 1900 the total reported production of the world amounted 
to 38,000 tons, distributed as follows :— 


Countries. Number of Works. Production in Metric Tons. 
Germany.........++--- 42 
France ....seseceeeees 15 
Austria-Hungary..... 12 


United States......... 18 
EE ea aS SEO 8 ESSE ee ee ot 


In Germany this industry has increased very rapidly during the last 15 years, 
as shown by the following figures: Production in 1884 amounted to 122 metric 
tons; in 1891, 3,000 metric tons; in 1897, 11,000 metric tons; and in 1900, 
16,000 metric tons. Of the last named amount, Berlin consumes no less than 
1,800 tons, which corresponds to an annual consumption of 2 lb. of liquid carbon 
dioxide gas per capita of the population in this city. Two-thirds of the German 
works produce the liquefied product from the natural gas emanating from 


11 British Consular Reports, Nos. 561 and 2671, 1901. 
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springs. The remaining third employ chemical methods to generate the initial 
gas. The amount of capital invested in this industry in Germany is estimated at 
$5,000,000, and to this should be added the value of 700,000 steel drums and 30 
steel tank-wagons, making in all, $9,000,000. Fifteen years ago the price of the 
liquid was about 25c. per lb. ; now it has decreased to about 4c. per lb. The export 
from Germany of liquid carbon dioxide in 1890 amounted to 4,000 tons, valued 
at $1,500,000, which diminished to 3,618 tons in 1899, 


BrstiograPHy (Partial List). 
Le Génie Owvit. 

Four a gaz pour la fabrication de la chaux et la production d’acide carbonique. 
Systéme Vigreux & La Roy des Clausages. Vol. II., No. 18, 1881-1882. - 

Abstract from Bulletin de l’Association des Elévés de M. Fremy. Vol. VIL, 
No. 18, 1885. 

Usine pour la production Journaliére de 10 tonnes CO, a Old Ford, England. 
Vol. XXXVI., No. 7, 1899. Reproduced from Engineering, London. 

Utilization de CO, product dans les Bragseries (Fluhler); “Vol: XXix- 
No. 5, 1896. 

Analyse de l’acide carbonique liquide de diverses provenances. Vol. XXXVIL., 
No. 21, 1900. Reproduced from Moniteur Scwentifique. 

The Engineering and Mining Journal. 

Works at Old Ford, England. Vol. LXIX., No. 17, 1900. Application of 
Liquid CO, to Quench Underground Fires. Vol. LXVIII., No. 6, 1899. 
Abstract from Federated Institute of Mining Engineers. 

Chilling Test Pieces. Vol. LVIII., No. 20, 1894. 

Transactions of the American Institute of Mining Engineers. 

Process of Manufacturing Magnesia. Vol. XIV., 458. 
Scientific American Supplement. 

Manufacture of CO,, No. 808, 1897. 

Transactions of the Institute of Brewing. 

CO, from Fermenting Vats. Vol. IX.5- No. 4: 

Preservation of Fruits by CO,. Vol. VII. -No;-4. 

Pipe Line Refrigeration with Ammonia. Vol. VI., Nos. 3 and 6. 

Critical Point. Siebel. Vol. VIII., Nos. 1 and 2. 

Carbonic Acid Machines in Breweries. Vol. TT. No.2; 

Productions of Extremely Low Temperatures. A. J. Rossi. Vol. ITT., No. 2. 

Carbonic Acid as a By-product of Brewing. A.J. Rossi. Vol. IX., No. 4. 

Also numerous other articles. 

Zevischrift fuer Angewandte Chemie. 

Manufacture of Carbonic Acid. E. Schmatolea. 1900, pp. 1284-1288. 
Journal of the Society of Chemical Industry. Feb. 28, 1901, pp. 121, 122. 
Compend of Mechanical Refrigeration. J. E. Siebel. 

Roscoe & Schorlemmer’s Chemistry. 
Wagner’s Technology. 
Watt’s Dictionary of Chemistry. 


RECENT PROGRESS IN THE WETHERILL SYSTEM 
OF MAGNETIC SEPARATION. 


By H. A. J. WILKENS. 


THE Wetherill system of magnetic separation has been so frequently described 
in the various technical publications that the principles upon which it is based, 
as well as the results obtained by its use, are fairly well known to the mining and 
metallurgical professions. Briefly stated, John Price Wetherill, the inventor of 
the system, was the first to realize the commercial possibilities of utilizing the 
slight magnetic qualities inherent in a large number of ores and minerals and to 
devise a practical machine to separate such materials by means of a highly con- 
densed magnetic field. 

Broad patents! covering the process as well as various types of machines were 
granted in the United States and are now owned by the Wetherill Separating Co., 
of New York, and similar patents were granted in many foreign countries, which 
are now under the control of a German syndicate represented by the Metallur- 
gische Gesellschaft, of Frankfort-on-Main, Germany. The broad process patents 
have been sustained in the German courts, a suit for non-validity having been 
brought by the Mechernicher Bergwerk-Aktien Verein. From the decision of the 
German Reichs Gericht, which is printed in full in the Hngineering and Mining 
Journal, November 17, 1900, the following extract shows the view taken by the 
Court : 

“The arguments in support of the decision are stated as follows: ‘For the con- 
sideration of the question, whether the process characterized by the first claim was 
new and patentable at the time of the application, it is immaterial that long be- 
fore the date of application the existence of weakly magnetic and nofi-magnetic 
minerals was known, besides the strongly magnetic ores; likewise the classifica- 
tion given by M. Faraday, 60 years ago dividing all substances into two classes, 
paramagnetic and diamagnetic, since constituting a common acquisition of scien- 
tific and technical knowledge, is by no means prejudicial to the patent. 

“The Application Department knowing these premises has allowed the first 
claim on the well-justified ground that Wetherill was the first to recognize the 
applicability of these known facts to the magnetic separation of weakly mag- 
netic substances, without first transforming them into the strongly magnetic state 


1 United States Patents No. 555,792 and No. 555,794, March 3, 1896, 
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and to demonstrate their separation from non-magnetic substances upon a com- 
mercial scale.’ ” 

Apparatus.—The machines devised by Mr. Wetherill have passed through a 
period of evolution, the original ones having been gradually superseded by others 
which, although operating on the same general principle show considerable im- 
provement in their mechanical features. The main credit for the improvements - 
is due to Mr. Lewis G. Rowand, who has been connected with the Wetherill process 
in this country almost since its inception, and to Mr. Max Schiechel, who has 
charge of the operations of the company exploiting the foreign patents. 

In general the machines used can be divided into two types :— 

1. Separators in which the magnetic particles are lifted away from the raw 
material brought to the magnets, and mechanically carried away from the non- 
magnetic products, and— 

2. Separators in which the course of the moving ore is influenced magnetically 


AGNET aE Q * Kirst Typr. 
MAGNETIC SEPARATORS OF THE [It T yt 


in such a way as to carry the various ingredients in separate directions, according 
to their magnetic permeability. 

The most highly developed machine of the first class is illustrated in Figs. 1 
and 2, the former showing the general principle of the operation, and the latter a 
complete working machine with an 18-ft. feed-belt and three pairs of magnets. 
Referring to Fig. 1; M and M’ are two magnets so arranged that the pointed 
poles P, P? of the upper magnet are placed close to and above the flat pole pieces 
I, and L* of the lower magnet. Passing through the magnetic field produced be- 
tween these pole points is a rubber feed-belt /”’, which is carried by the pulleys D 
and D* and receives the continuous feed of ore from the hopper // by means of the 
feed-roll R. The two take-off belts 7’ and 7" move at right angles to the feed-belts 
along the bottom of the upper pole points. 

The machine operates as follows: As soon as the material on the feed-belt F’ 
arrives below the pole point P, the magnetic materials in the mixture are lifted 
to this point and are held against the lower side of the take-off belt 7’, which 
carries them along the pole point until they are removed from the field and 
dropped through a suitable chute into a receptacle Y. Meanwhile the material 
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yemaining on the feed-belt has been brought to the second pole point P* of the 
magnet M where the operation is repeated and the remaining magnetic materials 
are removed from the field and dropped through suitable chutes into receptacle Y*. 
The non-magnetic products are finally carried by the feed-belt # into the re- 
ceptacle Z. In practice it is often found advisable to make a series of magnetic 
products, and machines have been built of this type with two or three pairs of 
magnets placed in series across the same feed-belt. As a rule these pairs of 
magnets are made of gradually increasing strength or the strength of the suc- 
cessive magnetic fields is increased by the amount of current passed through 
the magnetic coils or by gradually decreasing the distance between the upper 
and lower pole point. On the three-pair magnetic machine, six magnetic products 
and one non-magnetic product will be produced in this manner, each succeeding 


Fig. 3.—MAGNETIC SEPARATOR OF THE Seconp TYPE. 


magnetic product being composed of material of a somewhat slighter magnetic 
permeability than the preceding one. 

Fig. 3 shows a machine used in Europe and in Australia for ores which are 
very slightly magnetic. In this are three magnetic coils and pole pieces. ‘The 
pole point P, which does the active work of separation, is of opposite polarity to 
the points P! and P?. Around the pole point P and actuated by the pulley D 
isa thin linen belt /’ on which the ore is fed from the hopper H by means of the 
teed roller R. When the material reaches the pole point P, the magnetic particles 
adhere to the feed-belt / as it rounds the point, while the non-magnetic materials 
are thrown off by the momentum imparted to them by the moving belt. By means 
of the shutter S, which can be adjusted with a small set-screw, the two grades of 
ore are accurately separated. This machine operates successfully on materials 
of very slight magnetic permeability at the expense of a comparatively low 
magnetic current, it being only necessary to hold the material for a moment 
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against the pole point as compared with the necessity of actually lifting the 
materials in machines of the type shown in Fig. 1. There is some wear of 
the feed-belt while rounding the pole point P, as well as that of the pole point 
itself. The proper adjustment of the shutter S as well as that of the whole 
inachine, is a somewhat delicate matter, and its use is advisable only when the 
cre is so slightly magnetic that it is impossible to make satisfactory separation 
with the machine shown in Fig. 1. 

Fig. 4 shows another type of machine which has been used to a considerable 
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Fig. 4.—Macnetic SEPARATOR OF THE COMBINED TYPES, 


extent abroad, combining to some extent the principles of the two machines already 
described. There are three magnets and pole points consisting of the main 
pole P and the secondary poles P* and P?. The latter poles being of opposite 
polarity to the former. Below and around these pole points is the take-off belt 7’ 
passing in the direction indicated by the arrow. The operation of the machine 
is as follows: The ore from the hopper H is fed by means of the roller R upon 
the feed-belt #, which is actuated by means of the pulley D and.is supported at 
the upper end by a small brass roller B. As the ore reaches the magnetic field, 
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the non-magnetic material is dropped into the receptacle Z being separated from 
the magnetic material by the shutter S'. The magnetic particles are carried be- 
yond the shutter S' in a horizontal direction and fall into the receptacle Y or Y?, 
according to their magnetic permeability. In operation the take-off belt T is 
needed more to keep the pole Points clean than to hold and carry the ore. 

The machine illustrated in Figs. 1 and 2 is being used exclusively in the United 
States. Although its first cost is considerable on account of the high power mag- 
uets employed and the strong frame and running gear, experience under varying 
conditions has shown that it is warranted, as continuous running and a minimum 
expenditure for repairs is guaranteed. The standard type placed upon the market 
by the Wetherill Separating: Co. is operated with an 18-in. feed-belt and with 
from one to three pairs of magnets which are wound as a rule with 30,000, 60,000, 
and 100,000 ampere turns. The current employed is 110 volts and for a three- 
pair magnet machine the maximum amperage for the magnets is respectively 
5, 15, and 30. The power necessary to actuate the running parts of the machine 
does not exceed 0°5 H.P. The power necessary to produce the current for the 
magnets varies from 1 to 7 H.P., depending entirely upon the magnetic per- 
meability of the ore which is separated and the number of pairs of magnets on 
the machine. The capacity of the machine varies from 0°3 ton to-6 tons per hour, 
and is estimated by the size and magnetic permeability of the material treated. It 
is greatest on coarse sizes of more highly magnetic material and least on fine sizes 
which are very slightly magnetic. 

Applications.—In general it may be stated that all minerals containing iron 
or manganese are susceptible to separation by the Wetherill process. The mag- 
netic qualities of minerals of this character, however, are not directly propor- 
tionate to the quantity of these elements contained, but seem to depend more 
upon their combination. It is a curious fact that almost all dolomite and even 
limestone, which is found adjacent to ore bodies and which may contain barely 
a trace of iron or manganese, will be magnetic, while pure iron pyrite, FeS,, 
«ppears to show no paramagnetic properties whatever. On the other hand, there 
are some of the rarer metals, as chromium and cerium, which show sufficient mag- 
netic properties to enable ores containing large quantities of them to be handled 
on the Wetherill machines. To the presence of cerium in monazite must be at- 
tributed the ability to separate this ore from quartz and other non-magnetic ma- 
terials. It has been found also that minerals from different localities, although 
of practically the same chemical composition, will vary in their magnetic attract- 
ability, so that in most cases an actual experimental treatment is necessary in 
order to determine whether an ore can be successfully treated by the Wetherill 
process or not. Thus, a few zinc blendes, more especially those of the darker 
varieties, will be comparatively highly magnetic, while others are very much less 
so and may not be susceptible to magnetic treatment. 

Apart from the magnetic qualities of the minerals, the successful treatment of 
an ore by the Wetherill system is predicated upon the same general conditions 
which govern mechanical separation in that the ore must be crushed sufficiently 
fine to bring about a breaking apart of the separate ingredients. It is practically 
impossible to treat some ores on account of the extremely fine dissemination of 
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the ingredients. The treatment of dust is impracticable magnetically for the 
siime reasons which have rendered it impossible to treat fine slimes either by water 
cr air separation. When the particles become so small in size that the @ffect of 
gravity is ni, a satisfactory treatment either in air or in water becomes impossible, 
und despite the claims of various inventors and manufacturers I have as yet 
failed to find a concentrating machine which will successfully treat material be- 
low 300-mesh size either in air or water. 

Sizing is as advantageous in the Wetherill process as it is in all other methods 
of mechanical separation. Various devices have been designed and operated 
for utilizing a highly condensed magnetic field for separating ore in water, but 
the scope of magnetic separation is apparently confined to the treatment of dry 
material. A dry treatment presents advantages in crushing and sizing, although 
the dust originating in dry mills is at times a decided disadvantage and as most 
eres from the mines must previously be passed through a dryer, the cost of treat- 
ment is thereby increased. 

The Wetherill machines in the United States handle ore with a maximum 
coarseness of 8-mesh, and, while it is rare that minerals are so coarsely dissemi- 
nated as to warrant crushing to larger size, the Wetherill principle can be readily 
adapted for material as coarse as 0°5-mesh. 

The following list is composed of some of the combinations of minerals which 
have been successfully treated by the Wetherill process. In most cases two or 
three magnetic products consisting of different minerals are made. A large 
number of the minerals which it has been possible to separate magnetically are 
so similar in specific gravity that their separation by gravity machines is im- 
possible. In this list the magnetic minerals of each combination are given in 
the order of their permeability, the product mentioned last being in each case 
the non-magnetic tails. A few minerals, as zinc blende, for instance, occur 
sometimes as the magnetic and sometimes as the non-magnetic portion, due 
to the variation of the magnetic permeability. Resin blende is non-magnetic, 
while some of the black blendes are quite highly so. In other instances the 
associated mineral is more magnetic, as is the case with spathic iron and blende; 
the former being withdrawn, while the latter is left as non-magnetic tails, even 
though it possesses magnetic permeability. 


a 


Separated Minerals. 


Non-Magnetiec Tails. 


Separated Minerals. 


Non-Magnetic Tails. 


Weanilinile (.4 sic ee 
Tephroite 
Fowlerite 


Zine blende 

Zine blende 

Zine blende 

Zine blende 

SPaAshicivons. sisiessien cho sie tales 
HPacmic Won ica ce acne 
SMAUNICHTON aniecinasit eens 
Dolomite 

Menaccanite, garnet, monazite 
Wolframite.... 
Wolframite....... 

Garnet 


Willemite. 
Chaleopyrite. 
Iron pyrite. 
Galena. 
Barite. 

Zine blende. 
Copper pyrite. 
Cryolite. 
Galena. 
Quartz. 
Cassiterite. 
Quartz. 


; Corundum. 


SOINOL serbian a shias Comix 
Pyrrhotite, hornblende........ 
Garnet, olivine 

Blue ground 

Hornblende 

Rutile (irony varieties)........ 
Menaccanite 


Malachite, azurite.... 
Manganite, rhodonite vie 
LADAOIIUGE He sia Fae ea re 
MOBIC caindse waaweet nous 
HEGMBTItOWN IS Bis, oie ea eS 
Spathic iron ore 


Corundum.. 
Chalcopyrite. 


Diamonds, etc. 


Apatite. 
Apatite. 
Rutile. 
Gangue. 
Gangue. 
Gangue. 
Gangue. 
Calamine. 
Gangue. 
Gangue. 
Gangue. 


The following results obtained by the Wetherill system of magnetic separation 
have been selected at random from several thousand tests made on various ores. 


| 
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Copper Ore from Mewico.—This ore was a product from a wet cencentrat- 
ing mill, and consisted of copper pyrite, bornite and garnet containing 6°3% Cu. 
The separation gave 70% of garnet, containing 0°3% Cu, and 30% of a copper 
product containing 19°8% Cu, representing a yield in copper of 96°6%. 

Spathic Iron and Zine Blende from the Siegerland, Germany.—This ma- 
ierial was a by-product of the wet concentrating mills, and consisted of a mixture 
of spathic iron ore and zinc blende, the original ore assaying 20% Zn. The mag- 
netic separation gave 684% of spathic iron with 545% Zn, 31°6% of zine 
blende with 53°46% Zn, representing a yield in zine of 82%. 

Tin Ore from Spain.—This material was produced by a wet separation, and 
contained about 485% Sn and 225% WO,, the latter being present as wol- 
framite. The following results were obtained: 30°7% of wolframite, contain- 
ing 0°8% Sn and 73°2% WO,; 68-5% of tin ore, containing 70°5% Sn and 
11% WO,, representing a yield in wolframite of 97% and a yield in tin of 
85%. 

Spanish Copper Ore.—This ore consisted of copper glance, malachite, and 
azurite, with a dolomite gangue, and averaged 2°9% Cu. ‘The following products 
were obtained: 12°6% of copper ore, containing 17°2% Cu; 85°4% of gangue, 
containing 0°75% Cu, representing a yield of 75°57 of the copper in the raw 
material. 

Australian Tailings—This raw material was a by-product in the wet con- 
centration of the Broken Hill sulphide ores, and assayed 30°08% Zn, 8°68%. Pb, 
and 10:09 oz. Ag. The following products were obtained: 26% of a garnet 
product, containing 10% Zn, 2°9% Pb, and 9°48 oz. silver per ton; 54°5% of 
a zinc product containing 481% Zn, 67% Pb, and 12°58 oz. silver per ton; 
195% in weight of a lead-quartz product, containing 86% Zn, 22% Pb, and 
14°52 oz. silver per ton; a concentration representing a zinc yield of 89°2%. 

The Wetherill process and machines are in commercial operation at the follow- 
ing foreign plants: In Germany, at the Gesellschaft des Emser-Blei & Silber- 
werks, Ems; the Bensberg Gladbacher Bergwerks & Huetten-Actien-Gesellschaft 
“Berzelius” Gladbach; the Silber & Bleibergwerk “Friedrichssegen,” Friedrichs- 
segen a/Lahn; and the Gewerkschaften Lohmannsfeld & Peterszeche, Duesseldorf, 
Lohmannsfeld, Neunkirchen, Rbs. Arnsberg. The operations are confined to 
the separation of spathic iron and zinc blende. Previous to the introduction 
of the Wetherill process the ores at these plants were roasted in order to change 
the iron carbonate to magnetic iron oxide, which was afterward removed by 
some of the older forms of magnetic separators. The direct treatment of this 
ore has not only proved cheaper on account of avoiding the cost of roasting, but 
the resultant products have also been of much higher grade. At the Actien- 
Gesellschaft fuer Zink-Industrie, Hamborn, Rheinland, the Wetherill process is 
used for separating a mixture of pyrite and blende; the ore is roasted before 
being treated on the machines, the roasted pyrite being the product removed 
magnetically. 

In Denmark, at Copenhagen, the Oresunds Chemiske Fabriker has several 
machines installed for the separation of eryolite, spathic iron and copper pyrite, 
the latter two being magnetically removed from the former. 
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In Belgium, at Hoboken, Anvers, the Usine de Desargentation is a plant 
which has been employed mainly for the separation of wolframite and tin ore 
and in the removal of monazite from titanic iron and quartz. 

In Russia, at St. Petersburg, the Actien-Gesellschaft Stal is operating on iron 
ore. 

In South Africa, at Kimberley, at the De Beers Consolidated Mine, Ltd., a 
machine of the American type is employed for removing the garnet, olivine and 
other heavy ingredients from the diamonds in the concentrates from the washers. 

In Australia, at Melbourne, the Australian Metal Co. has 55 machines in- 
stalled for the separation of the Broken Hill sulphide ores separating both garnet 
and blende from galena and quartz. 

The testing and experimental station for foreign countries is located at the 
Maschinenban-Anstalt Humboldt, Kalk, near Cologne, Germany. At this plant 
various types of Wetherill machines are installed as well as apparatus for crush- 
ing, screening, water and air separation, ete., which might be used to advantage in 
connection with the Wetherill process. 

Aside from the locations mentioned above, there are a number of plants in 
fereign countries in course of construction for the separation of pyritic blende, 
tin ore, etc. 

In the United States the largest application of the Wetherill process has been 
in connection with the separation of the Franklinite ores in Sussex County, 
N. J. At Franklin Furnace, N. J., are two plants having capacities of 500 tons 
and 1,600 tons per day respectively; the former is not in operation at present. 
The larger plant has handled as much as 900 tons in 12 hours over 17 machines 
of the Rowand type each equipped with three pairs of magnets. The cost of 
treating raw material has been as low as 38c. per ton in the most favorable 
month of 1901, including crushing, sizing, cooling, magnetic separation, jigging 
cf the non-magnetic tails, drying of the jigged concentrates, and loading them 
on cars for shipment. The general scheme of the separation has been described 
at some length by Mr. John Price Wetherill,? although since this was written 
the methods of crushing and handling the material and the type of the magnetic 
separators have been largely improved. In all about 180,000 tons of ore were 
treated magnetically by the Wetherill process at Franklin Furnace during the 
year 1901. 

At the Pride of the West mine, Washington Camp, Ariz., six magnetic sepa- 
rators of the Rowand type have been in operation on a mixture of copper pyrite, 
zinc blende, galena, garnet and quartz. Four of the separators remove roasted 
copper pyrite from a mixture of blende, garnet, galena, etc., and two of them 
which are of higher magnetic power are used for treating the non-magnetic tails 
from the above operation, removing magnetically garnet first and then zinc 
blende, the latter on account of a very slight admixture of iron being sufficiently 
magnetic to be removed in the powerful field of the machine. The galena is 
subsequently separated from the non-magnetic mixture of galena, quartz, lime- 
stone and calcite by means of Wilfley tables. 

At the Warren mine, Warren, N. H., the process has been in operation since 
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1900 on ores of complex nature carrying galena, zinc blende, copper pyrite, 
pyrrhotite, pyrite and quartz. The ore is first concentrated on jigs to remove 
as much of the gangue as possible; it is then slightly roasted and passed over 
the magnetic separator, which gives the following products: First, magnetic 
heads consisting of pyrrhotite and oxidized pyrite, second, oxidized copper 
pyrite; third, zinc blende assaying from 55 to 56% zinc. The non-magnetic 
tails consisting of galena and quartz are subsequently separated by dry jigging. 

At the mines of Witherbee, Sherman & Co., at Mineville, N. Y., the Wetherill 
magnetic process is used for separating apatite and hornblende, this product 
being the tails from the Wenstroem machines, which concentrate the magnetite 
ore. At present but one machine of the Rowand type is installed, several others, 
however, will be in operation shortly to handle the increased output of the main 
separating plant. 

The Corundum Mining & Manufacturing Co., of Tree, Ga., will use the 
Wetherill process for the separation of garnet from corundum, which is produced 
by the wet concentration of the corundum-bearing granite. 

The Colorado Zinc Co. uses the Wetherill process for separating zinc blende 
from pyrite at its plant in Denver, Colo. One of its main sources of supply is 
ore from the White Quail group of mines at Kokomo, Colo., which consists of 
gold-bearing pyrite with an admixture of zinc blende and‘a small amount of 
ealena. This ore is first concentrated on Wilfley tables, producing a lead-iron 
concentrate and tails consisting of pyrite and zinc blende, the latter is dried 
and passed over Wetherill machines to remove magnetically the raw blende. 

A similar plant is operated by Wilfley & Byron at Kokomo, Colo., for the treat- 
ment of ores of the same character. 

The Empire Zine Co., of Colo., has installed a Wetherill machine of the Row- 
and type at its plant at Cafion City, to treat miscellaneous ores either raw or 
after roasting, for the separation of zinc blende from galena and pyrite. 

Messrs. Hulss & Kithil are installing a plant at Ellenboro, N. C., for the pur- 
pose of cleaning monazite sand, which is produced in the sluicing operations and 
consists of menaccanite, garnet, monazite, quartz and other gangue. The ma- 
terials are removed by the Wetherill machines in the order stated above, the 
quartz remaining as the non-magnetic ingredient. 

The main testing plant of the Wetherill Separating Co. is located at the corner 
of Ferguson and Clover Streets, Newark, N. J., and is equipped with appliances 
for testing any quantity of ore. 

There are smaller machines installed for testing ores at the laboratories and 
testing plants of Henry E. Wood, Denver, Colo. ; The Kootenay Ore Co., Ltd., 
Kaslo, B. C.; the School of Mines, Kingston, Ont.; the School of Mines, 
McGill: University, Montreal, and the United States Geological Survey, Wash- 
ington, D. C. 
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Substance. 


——e | 


Copper, pigs, 
ingots.... 
Bars, sheets 
Wire 
Copper sul- 
phate.... 
Copperas..... 


Austria 
Hun- |Canada 
gary. |Ad. val. 
100 kg.} Tons 
or and lb. 
ad. val. 


Chile. 


$ 
0°609} Free. 


Free. 


(10)15% 
Free. 


Fluorspar.... 
Graphite, 
crude.... 
M’f’res. ... 
Hydrochloric 
acid 


Sheets and 
plates.... 
Steel,ingots 


Mangan. ore. 
Nickel, crude 


Bars,sheets}. 


Petroleum, 
crude ... 
Refined.... 
Pyrites...... 
Quicksilver .. 
ets 
Slate, *oofing 
Soda 


Sulph’ric acid 
Tin in blocks 
or pigs... 
Bars, plates, 
sheets... 
Zine, blocks, 
DISS <o oe: 
Sheets and 
plates.... 
M’fres.... 


Free. 


Frée, 
25% 
25% 

Free. 

Free. 


(14)1°624 
1°116 


1116 


Free. 
Free. 
Free. 
Free. 
Free. 


Free. 


(c)0°025 
(c)0:05 


Free. 
(26)0°036 
25% 
Free. | 

Free. 

Free. 
25% 


Free. 
Free. 
Free. 


Free. 


China. 


Ad. val./13314 lb. 


France. 
100 kg. 


Ger- 
many. 
100 kg. 


Japan. 

13314 1b.| Mexico. 

ad. val.| Kg. 
Tons. 


Russia. 


Spain. 


36.1121b| 100kg. 


0175 


7|(14)1:447 


5|(21)0°77 


|) Free. 
ib.|(27)0°46 


0°965 


0965 
1°351 
(18)2°89 


1°35 
Free. 
Free. 

2°509 


(d)1°737 
(d(1°93 
Free. 

0°266 
Free. 

(80)F ree 
Free. 


Free. 


1158 


Free. 


36|(11)0°238 


(29)0°44 (2 


$ 


0°714 


Free. 
14°28 
Free. 


Free. 
Free. 


0°595 


0-714 
0°595 
0°595 


Free. 
1°428 
Free. 


0°714 
(40)1°43 


4°76 


(12)1°1 


(19)2°7 


(29)F ree 


$ 
07198 


0:97 
19°30 
Free. 


0°53 
6 
1°74 
0°53 
1°16 
0°10 
0°58 
Free. 


Free. 
0°10 


Free, 
2°90 
Free. 


O°" 


$ Mex, 
0°25 
0°25 
0°25 


0°099 


Free. 


(6)0°50 
Free. 
Free, 


(13)0°178 


07197 
0°042 


0°996} 0°12 


1°312 
0-077 
0232 
0-054 
1°828 


0°348 


Pesetas|$ 


(15)15°60 
6:00 
7-20 

24:00 
2°00 


2°00 


0°005 Ib. 
0:0025 1b 


(16)1°07 
0°54 
Free. |0° 


0°025 Ib. 7 
(22)F ree © 
0-06 1b. 7 
0.06 lb. 


(30)Free 7 
(31)Free 7 


Free. 
Free, |0015 1b. | 
Free. |0021b. | 


Zine white... 


Notr.—The United Kingdom exacts no import duties on the above substances. 

(a) Per 100 lb. (6) Per 100 kg. (e) Per gallon. (d) Per hectoliter. (1) Hollow-ware, 30%. (2) Paper, unformed, $2°03 
per 100 kg.; paper, formed, $4'872 per 100 kg. (8) Yarn, string and cordage, $5°712 per 100 kg.; tissue, $9°52 per 100 kg.; | 
other articles, $14:28 per 100 kg. (4) Crude only. Ground asphalt, $0°1108. (5) Portland cement, $0°1447. (6) Anthracite | 
only. Bituminous coal, $0°53 per ton in Canada and $0°67 per long ton in the United States. (7) Copper of first fusion, | 
15°00 pes.; in bars and ingots, 27:00 pes.; in sheets and rails, 42°00 pes. per 100k. (8) Plates, sheets and wires less than 
5mm. in section, $4:06 per 100 kg. (9) Bars only, Copper sheets and plates, $0°15 per kg. (10) Unrefined. (11 Iron for 
purpose of being wrought, $0°595 per 100 k. (12) Rods, plates and bars more than 7 mm. in section. Material 5°7 mm. 
in section, $1°35; less than 5 mm., $1°74. (13) Bars and rods more than 0°25 in. in section. Bars and rods 0°25 in. or less 
in section, $0°333. (14) Sheets more than 1 mm. thick. (15) Plates more than 3 mm. thick, 12°85 pes. (16) Plates more 
than 3 mm. thick, $0°804. (17) Duty varies from $0°003 to $0:047 per lb. (18) Plates less than 6 mm. thick. (19) Plates 
more than 15mm. thick. (20) Plates more than 55cm. in length or 40cm. in breadth, $0°07. (21) Containing less than 
25 g. silver per 100 kg. (22) Less than 50¢ Mn, $0°40 per ton. (23) Nickel anodes, (24) Can be imported only by special 
permission. (25) Duty per 100 lb. in package. Salt in bulk pays $0°05 per 100 1b. (26) Duty per kg. of refined salt. (27) 
Crude salt. Refined salt pays $0°5848 per 100 kg. (28) Per 100 lb. salt in package. Salt in bulk pays $0°08.per100lb. (29) 9 
Crudesoda, (80) Unrefined, (81) Not exceeding 1°38 sp. gr. (82) Coarse wares. 
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THe tables on the following pages give a résumé of the business done during 
the past year on the leading exchanges of the United States and Kurope. On the 
whole the year’s record was a good one, although a general tendency toward lower 
values was in evidence, which may be regarded as a logical consequence of the 
inflated and fictitious quotations that ruled for many stocks in 1900. 


Tue Boston MINING Stock MARKET IN 1901. 


The formation of the Amalgamated Copper Co., which absorbed the Boston & 
Montana and Butte & Boston mines, has detracted largely from the prestige 
once held by Boston as a center of copper mining speculation. While Amalga- 
mated stock is still dealt in to a large extent there, the offices of the company and 
the financial management are located in New York, which is now the speculative 
center. 

The most prominent feature in regard to the year’s quotations was the decline 
in the shares of the leading mining companies. An average for the year shows a 
falling off of about $50 from the top prices, which in the aggregate represents a 
loss of about $250,000,000. Nearly one-half of this amount was represented by 
the depreciation in Amalgamated shares, the remainder being contributed by 
other companies mostly engaged in copper mining. Calumet & Hecla fell as low 
as $535, a decline of $325 from the highest quotation. It is probable that many 
of the new mining companies which were floated during the copper “boom” will 
have to close down in the near future if the low prices for copper should continue. 


THE CoLoRADO Sprinas MINING Stock MARKET IN 1901. 


The value of the shares dealt in during 1901 was about $20,400,000. The 
records show important fluctuations in some of the leading stocks, such as Port- 
land, Elkton, Isabella, and Jack Pot, in which a downward trend was noticeable. 
Portland fluctuated from $3°50 in January to $2°75 in December, and Elkton sold 
off from $1:90 at the opening of the year to $139 in December. Isabella varied 
between $0°77% and $0°34. The shares of El Paso and a few others were stronger 
in the latter part of the year than in the opening months. 
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FLUCTUATIONS IN MINING STOCKS AT BOSTON DURING 1901. 


January. | February. March. April. | May. 


Name of Company. | 
H. | (hee oes ; og asl ein 
| 
| 


Par Value. 


Copper: 
Adventure Con.(b)..........++| $25/$11- $9°75'$16° *00)$15° 75 |$12-50}$18-50/$14- 25 *50)/$14°00/$22°25/$17-00 
Allouez (6) ; 25/ 3k “t : “6: "75| 2°50! 3°00 BC) eae ie 2°50 : 2°50 
Amaigamated (a) | 95° 48°00) 95° 8° 25)103°63) 94°00)128°50 3 24°25/103°00/127-00)119-00 
Anaconda (a) F 42° 5° TE ‘ *50| 42°25) 53°00 2° > 
Arcadian (b) v2: : 5 : *75| 17°50] 23°00 
Arnold (6) % g : Bray eats TD 8200 
Ash Bed (6) me ° EN : +36 *50) 43°75 
Atlantic (6) : R Ey 5° 35°25} 32°00] : 
Baltic (b) ja) 85° 2° 5 2 34° : 38°25 
Bingham (h) : 5° 2° : 60) 20°75] 29°50] 23° ; : 24°25 
Boston & Mont.(qa) 5/325 ° 00/308 °00/331°00|312° “00 330-00 -00}350- : 5*00/498- 00 
British Columbia, Ltd. (7)...... 3. 26 : : a *63) 19°75 ‘ 
Butte & Boston (a) 83° Agia 3 3° 5 “00. 85°50 
Calumet & Hecla (b) 51848 ° 00/830" 55: 2°00/860-00 790° 00}88 
Centennfal (0) wat [OD eeaoe “0 ? 2°50} 29°00, 24°63} 38 
Copper Range (b) : : 00} 37°50] 58° 44°00 
Elm River (0) : df if 3 


b he « 
Franklin (6) “ : “88 75} 25° 21° 


Humboldt (b) 2 f 2 f : ‘ 
Isle Royale (b) 5} 89.00) 35° 2°50} 35°00) 44:7! 
Mass Con. (b) 25) 13°%5) 11° 5°00) 12° Ae? 
Mayflower (b) p j : Steen 
Michigan (0) : 
Mohawk (0b) 
National (b) 
Old Colony (6) 
Old Dominion (c) 
Osceola (b) 
Parrot (a) 
Phoenix Con. (b) 
Quincy (6b) 
Rhode Island (b) 
Santa Fé (7) 
Tamarack (6) 
Tecumseh (6) 
Tennessee (ik) 
Tri-Mountain (6) 
Union (b) 
Utah Con. (h) 
WACLOTIAN(D) las sce hates nace eit 
Washington (b) 
Winona (bd) 
Wolverine (6b) 
Wyandotte (b) 
Gold: 
Centennial- Eureka (h) 
Cochiti (7) 
Cons, Mercur (h).... 
Daly- West (/) 
MCIOMOS (GES. coe ait oie crantisiaisin | 
Merced (e) 
N. Amer. Dredging............ 
Santa Ysabel (e) 
United States (h) 
Victor (d) 


Zinc: 
Am. Z. L. & Sm. (g) 
Continental (g) 
Miscellaneous: 


Bonanza (d) 

Boston (e) 

Central Oil 

Catalpa (qd) 

Crescent (d) 

Dominion Coal (f) 

Dominion Coal, pref. (7) 
Mont. Coal & Coke (a) 

Napa (e) 

New England Gas & Coke..... 
New: ldrias(@)iiciccacce seen ees 
Shawmut Oil 


negara 
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FLUCTUATIONS IN MINING STOCKS AT BOSTON DURING 1901.—Continued. 


July. August. |September.} October. | November. December. Sales 

Name of Company. Spe ——____—__ | —_—____ |__| No. of 

| Shares 

H. L. ig L. H. L. H. L. H. L. H. L. ay 

Copper: 
Adventure Cit: (DY saree $26 °75|$21 - 00/$82 50) $23 -50/$32°50) $21 -00 $25 88/$26 50} $24 -50/$21 -00/$23-00/$15°75) 209.808 
¥ AM OWCZ) CD) izgie re ocsinie ocei ei0pr8 3°50| 2°88] 6°00} 3°00} 6°25} 2°63) 5:00) 1°88} 5:00) 4°50) 4°50) 2°7 71,388 
Amalgamated (a@).......- 124°25]110°v0|122°50/110°00|129°00| 88°50) 91°25) 83°50) 89°00} 72°50) 76°00) 60°00) 1,597,129 
Anaconda, (@)........009+ 48°25| 43°50| 48°50] 43°G0| 47°25) 34°25] 37°00} 84°50} 35°50) 32°00} 32°00} 29°00) 32,147 
ATCAGIANA(D)2s .csinc tec re 17:00] 15:00] 15-75] 12°00] 14°00! 8°50) 9°50} 5°12) 9°00) 5°00} 5°88} 38°00) 98,157 
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(a) Montana; (b) Michigan; (c) Arizona; (d) Colorado; (e) California; (f) Nova Scotia; (g) Missouri; (h) Utah, 
(i) British Columbia; (j ) New Mexico ; (k) Tennessee. 
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Olas ssircisintes ceneansee sche tiie vis ees S041 08/2 SOBRE Aromas O45) i535 “04 S035 reO4eline ORM | OB lente! 292,900 
Argentum-Juniata .........++ SMe tae NG “10 15 “09 “10 06 “09 05 °06} °05) 178,027 
Baler ceve cevcicieteibiololerstsicineco'e ois “ORR crea WOR lencia ce OR leis ois S02: asia et ae cee hate se (Oia s 77,500 
Battle Mt. Con..............+. BB s2AG | cisl8 “15 20 “16 20 ply “18 a3) *18)} °15) 175.509 
BlackwBellincmdactcie gies ecace. *11} 08} 11 "10 abl HOS 10 | 07: .| 2 809s) 2508 10} -08 82.500 
BlwerBellieeiceis svn es cise sete cteiniel» SAG OLB yee ele Mais Nahe TNs eh SAB al aac ieee lereaners *14| -08) 180,700 
BUCK MOTI eisicsocs nisisiwinlesieue'rins = *04| -08} °04 03 04 03 04 08 “04 “03 SOB |e ats 65,500 
(ORIN ECR Res ee cocranernanodcd MOQ renee saOs els Olen: Oe eiaciaan “02 | *01 “OQH acters "O2|irataes 74,000 
Central Con.... -08} -05} °09| -O7} -11 ‘OSuiset ORs 035) ie 209a | OF *07| -06} 520,000 
Champion........ 00). 05) = SORE 2045 | 06s ipa OA aIAes, co heceille esnispes SOFE As pas 04) 03 63,028 
CHICOlON eis vedic ese cactus OQ [Fe rave eee ODEN cates 24 ies Hie Bailie oes SOB Forces TOD Rais: 84,000 
Qe Gate esos doers ene “O8h OR Opa ORE i. SOBRE 02" 208-1 eee: ‘Onis Fa 656,200 
GRC SColumbids cece ves ce Sa | SOY | Sues ro oat dl one cleqoabillae-snolibanage leevisioaPaliccesstsel| ibe ye 427,500 
Ol Chiba sronsedecusnnsee: -09) -08} °09} :08| °09} 06]. -08} -05| -08| °05| -08} -06) 81,097 
OF Ce Sara icin eck oe. ois ee eK *08} -07) °08 “O07 “10 “Gi “08 07 07 “05 06} 05} 274,27 

@recderse: Cu nt cctc wisisisine te “09} -O7| *10 “OF “12 07 “10 “05 08 “05 “05) 04 11,000 
Cripple Creek Con.........-- 08) -07} °10] °08}| “09 | °08| -09) -07 | 10} °08} -09) 08} 360,000 
TANI TON eiolclaieisvs arcitieverioreiale ass wie *06| *05} °08 “05 "12 “04 “05 “038 *05 “04 "05; °04) 222,300 
FICHIPSOs . osic sic cis cle wicesie's so 0's 13) 11) “14 1 “13 abl 18 SUSE acestsea Patera coterie tee |) 259115700 


1°83 | 1°76 | 1°78 | 1°70 | 1°74 | 1°65 | 1°52 | 1°48 | 1°49) 1°39] 165,451 


El Paso G “D7 “47 61 “52 “80 60 “76 “ih °65| *63} 1,586,122 
F. Rawlings.... “21 1500 +23 “15 “20 15 20 "15 PLO cd 93,900 
aml ryaeyescrstscte:reiava siete’ isle creisiels “10 09 “10 “08 “09 07 “09 07 *09) + -08) 189,266 
Gold Sovereign......,.++.+++- a aes 06 “04 05 04 04 ADS ces oeness|fonaterocotadl oven teee | eetarcha 150,000 
GoldensWleece sic c.:5 aicieie. cies *39) 35! °40 34 “40 SOO alii iete Siler seme oaenall cin iafatated|falarcranets *40} °20 58,800 
Hayden Go. occ ccs eee s es eny “02)....] *02 “01 LOR bearers S027 [b Sst craters Belaterorel| = aterets nested 39,000 
Tne ham onsixer'. scirses 0 eee SAAS SIE get hat ee “16 “12 balkrg “12 “18 “12 *13) -12) + =166,895 
HPONCIAG oie claiiercicinvecies aii “07/ -06) °06} °04 “06 05 06 “04 05 “02 03) °02) 357,129 
Wea bolla ccm tuonities dare eters *45) -40) °638 | °43 60 “40 “BO "40 | °40 35 "84; -41) 1,234,828 
JACKE OU cic sie wie clesisicie sraisceslacotece *45) -40| °47 *39 “45 37 45 *B4 "42 39 *40| °85) 125.050 
JOSEPMING 66. .:0 0s cect cece eens PO ee s3|| AE ORE erates BORE losincer CAS OPE Sen Sie Gos aol Ganse|oee as 50,500 
IKOY: WIOSD ces sie'sieiss vies Sacndaer SOR ercani| eee Oeillers sone AWS eoeee 50) ol ae As SOR Htsicrctieey oe sacs esos 128.000 
ThORAN CUO oi (ac6 ceisler salaries es °08} 07] °07 06 “07 05 07 “06 “07 06 "07| °05) = 284,700 
Magnet Rock Sesd| nUS ye OS |e Opbiller cae “08 02 08 02 ROHS ieesceyepeantars [teiterers 134,332 
Marearetises sates. cs gee lne Or, 2 Ol ite setae sigly LOR Mieiiecucalet Oe “01 ORNs ODN inicare 40,000 
ARR OMY, cee etre atecersiiiisierea cess “OB Oz lee ORT areas sic LOR iutee siorets 0) eee OR eeststaters HOR eijerers 64,500 
IT OhVENAS Gane sAepodoneDonecer -04) -03| ‘07 08 04 03 07 02 BRA sire state (0) aie 638:500 
Mieved ilisescateisiateseioictay sees sranrcrrctaonee SOB 0215 SOR al eielsseie se BORi | asteienes MORI ach ts "OQ al tate ’acets 12 Seseceas 126,000 
Ma nile iciieassctercscte ciciatete ole sieves 03) -02] °08 02 “03 02 “08 SOD nee OR tal tire 'ehare (OA eras 157,000 
Mollie Dwyer wiicie's sissies «cere “O7| :06) °07 06 08 07 07 03 "05 | °04 £03 [eters 1,226,518 
Nollie GiOsonicsi. sates oie *87) °82) °40 | °30 38 *20 "32 15 18 "13 “Dares 193.418 
MON anGy caine otefe eerste stores ce nce *05} °04| °05 “04 “05 “04 “04 "O¢ “04 “08 SOB Matas «7, 79,800 
MoOmtrGalicss:isiaitivre cuigielaaieseie cies -08) -02} °04 08 “04 “03 “04 ‘01 HOB nee icte AUS eee Rebs 45,483 
MOOR ZAC Cais. sirisictarsietels cles. ees *383} *29| °32 24 “34 *26 “31 BP 4.) “28 “24 *25) °20 85,600 
Morning: Star... ve)... ase es 08] *02) 04 02 “05 “04 05 03 2045 "5 senies *04) 03] 1,083,669 
Weaitlonelliy: seisv.vicis Git stein eieio’s so svere "04) 08) °04 “08 05 03 04 03 “03 | °02 202K steers 495.500 
INSITE Vic ess cie sialsisis bretoisiersiere satis “O7| °05) °06 05 505) ae “05 03 05 04 04s 850,850 
“07 06] *05 “02 06 “05 07 “04 06 “04 *05) °04! 884,450 
-03) 02] °05 02 “04 03 04 “03 “03 02 *03) -02} 226,000 
=(115} | peri aaa 0” § 03 “04 03 “03 02 (072 rea LOR yeraters 68,607 
S| Rese eests eilrd 20 PLT 22 PLE MOR (eS OR estes clr elece 87,500 
SOR Ficoll BOD beicrses he HOT ine siete Ol eats is lieben s Balk beach peach ie PES 211,000 
-09} -07; °10 “08 “09 “08 “08 06 06 03 *06) °05) 628,500 
12 jaber Geaono SeareradiGUU UOT “09] :07| °08 “06 “OV 05 06 04 “04 “08 *05) = °08 69,800 
Binnaelenstiickatests.ssas thei saw *08) 05} °09 “07 “10 “07 ‘il 07 “09 "08 ‘09} °08} 118,350 
POREIAIO GA ie <cccniolesislocersieteicie vara 3°02/3°00} 3°15 | 8:00 | 8°10 | 2°90) 3°06 | 2°98 | 3°00 | 2°84 | 3°00) 2°75 74,800 
BGINCOPAIDENG o.0'0i9. dvieis vecisiense °05) -04| °05 04 “05 04 05 "04 04 02 °04| °03) 368,200 ° 
IRIRCOSS care clare a'ciorers eines oreisiutelsts *05} °04) °05 03 “05 03 “04 (2 “04 02 “03)- *02 81,000 
IPIOSTESS i ersieiielisieie: setene cence *06} °05) °06 “05 “05 ‘05 °05 “04 “04 “038 “OA ae 228,500 
FRE PUDIIC ic, tsid visite sitreieece'e'eloieie *05) -04| °06 “04 “05 “04 “08 “02 04 “03 04 ete 176,200 
ReberteBurns ris cescss cee se "(4) -03) °04 “03 “05 02 06 05 08 02 EO2 revere 162,500 
HROSGO MAU ratslaiese elses sieeciecs *04) °06 “05 07 05 “07 05 “08 | °06 *06) °05) 809,028 
Rose Nicol *06| °07 06 “07 WOGis |e. aad Fei g “07 05 *06) °03) 117,500 


Uncle Sam *02| °04 “02 “04 08 03 02 “08 “02 LORIE 4 73,000 


Vindicator 3 1 AG 120-140. (PPG 2 12 i -402 | 1065) 1 ees et et00 | Vee es 17 86,660 
Witte uteraecsia ce teleteurerteisaeniis "06} °04| °06 °04 | °06 08 °04.) :08:) -05.1. -08 BA 0; =] Po 50,300 
WOT ec caecertrceeeeens : Mole LO sho" [ares ci (Sy Fea (Sal eae 0 ‘11 “10 *10} °09| 305,650 

Total sales......... Brera rae aA erase lcee esc tate [lavaiecete's (iavertie Steilis sievare’es| (are ararevei] ts eiele’ece kwiate’e feslevele’s\osi[\ei e/a vals slereys 20,412,031 
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FLUCTUATIONS OF MINING STOCKS AT NEW YORK DURING 1901. 


January. | February. | March. April. May. 


Name and Location of Company 
Hi. 


25 


| Par Value. 


ese 


Adams Co., g., Colo 
Alamo, g., Colo 
Alice, g., Mont 


Ss 
aioe 
= Ss 


Syndicate, g., Cal : : -10 “09 “OS : 08 
Tennessee, ¢., Tenn : 6 : 20° : : : : ; 23°50 
5 Nev 


THE New York Minine Stock MARKET IN 1901. 


The market was characterized by wide fluctuations with downward tendencies. 
Copper was the chief feature, and the dealings in Amalgamated formed a large 
part of the total transactions. The course of this stock has had few parallels on 
the exchange in recent years. From the low price of $83°75 in January, it rose 
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FLUCTUATIONS OF MINING STOCKS AT NEW YORK DURING 1901.—Continued. 


July. August. Sept. October. |November|December 
Name and Location of ASS Ed Ne iit: Sine tad SURE Nien ade ea at amnieteg eee Re) oF 
Company. No. of 
Bobet ee ee ae foe hs eee 
Adams Con., g., Colo.......... SOD Peay epee esered ora) hs seed Vaca cates | ateaaee aaron oie oa eave eser a taew oueuied alareiayal| are bibves| sires 500 
Alamo, g.,Colo.. <2... 6s. 2.s00> 15 14 15 “14 *T5) 5 cid 1b 14 14 poe sen 66,300 
Alice, g., Mont.....5.cccccsceeeleeccesfeesees|ecsee elec sees] eee e es ria SOD tA eS er rcioca lho arate [es aro she 8.610 
Amalgamated, c., Mont. . , {124° 25/109‘ 00}122°75/ 110° 00}120° 00/88 - 63)92° 00/83 «38/88 *38}72-50)7630)60-50| 10,657,494 
Anaconda, c.. Mont... 48°88] 42°00} 48°50] 42°50) 47°25/35°'75/37 00/34: 00/35 °50/30°30/32°50/28°50} 1,069,783 
Anaconda, g., Colo....... Seats “4( 82 85 34 SOS BO RO OS eee SOBs et calcite. 14,500 
Argentum-Jun., g.s.l., Colo... 18 Oa ky faeeeeeics | | pares 1? ewe) 934 ree Si a6 8 eee "LO les 2208 aan eee roe 34, 
Best & Belcher, g.s., Nev...... 22 *20 23 on Wf *22 WSieito hee AGH ABE 18 10,500 
Breece, i) 6:;:- Colo. co has ae. cess | ccc see yen Os : : ‘ 
British Columbia, c., B. C 
Brunswick, g., Cal.......¢.... 
Cable Con., g., Colo..........-]eseses 
Gatalpa, s: ts, Cologne sie cio terse! sine siete 
@hollars Sigs NOVikcicccse mene: 
Chrysolite, s.l., Colo........... S : ; 
Comstock Tunnel, s.g., Nev... "08} 704) «= 07)...... -08| -07) -07| 06} ‘O07 °06) -07| -03} 143,300 
Comstock Tunnel Bonds......}......|+..++- 0%. SOG siazvoss cil teats “OSes OB ls LOO areas "OB estes 75,000 
Gon. Cal. & Va., s.g., Nev.....| 2°35} 1°95} 2°50} 1°80} 1°90) 1°65} 1°90] 1°75) 1°85) 1°60) 1°75) 1°65 29,920 
Creede & Crip. Creek, g., Colo.|......)...---Jeeeees Riss staan TOS Hesegeiee Sl loresaces detest et worl wloroda:slfeiayacers 10] -06 16,100 
Ghreseent is. Colones ccar 25 | ammeter eee ofits I aoeraetictaace lee arial Ree Bakes eh ER acreim Peers RNS 2,600 
Cripple Creek Con., g., Colo... 10 09 10) 09) = * 09)... >. “O92: 207 LOPS Ot 21012206 73,100 
Crown Point, g.s., N@V........-[eeeesele renee O19) Mice yell eens ems Reel ish be clireen ery em leaiesrac “08| -04 2,600 
IBY Noyes Ole bine Accson 4 (S310) alread leet ol Merron Sumo ici hooco| Bin a) waco Bribie LB0 ee 650 
Deadwood-Terra, g., S. Dak...].....-[eceees|eecessleeeess $6O| cS li (Ooh OU ohterecitiets sisisilies Soleil oa bigs 2,755 
Dobe sat eee eK O10) (oa a nee sondan neiacssa ccoor 12 10 NOS Se ccicil else tara ve esa seeault -avnceil lave: sinte:|iseone vate astern 2,910 
Elkton Con., g., Colo.......... b Gay {0 Feseaerstes| [symantec AO hers oes 1°60| 1°80} 1°55) 1°45) 1°45) 1°86 6,700 
Fanny Rawlings. g., Colo......J...---feeeeesfeeeees [fs beeeses peodicever eis Shel Ae PU less Sisel engan btsace 1,700 
Gold Dollar, g., Colo.........e0]seeece|eecees OG) hott Oerare wievel| avetaiete eA Ole eae Palle) fesewe kU) eeta OSA 19,800 
Golden Fleece, g.s., Colo....... *BE 30 OF; UT Sain Curette as Ire S86 Pcs 20 |: Siesoleesscce | crane vases 11,800 
Gould & Curry, g.S., N@V.. ...-[ecececlececes|eceece[eeeesefecrees[eeeee|erssatenees LOT 082508 elevees 2,700 
Hale & Norcross, 8.g., Nev....]  *25]. ..--|  °80} 21] *15)..... "20; °14) °20) °16) +20) +15 9,300 
Harts 2, COlOs cs clececisice veces sieilisecivis =fisisinieisie fie eins eileen afeS ees sil | see croi| reratenen | ade ofiral ateeraiesl eat evetell (aterm 8,800 
Homestake, g., 8. Dak. .......[esceeete eee scteees eleeeees O41 OG ister casa cc arecaael Pie gssvaaiovs oroceil evpcorarel ice eters! liste ote 208 
Horn Silver, s.1., Utah......... Te TD sete alr fa aces ere 2 00 180: Sc 2b ied OO lis sisasife ecules sails oie 11,315 
Tron Silver, s.i., Colo........eeefeeeees|eoeees 65} °60) °65)..... 65]..... “64; 62) °65)..... 8,700 
Isabella, 5 Colos oo .cuis cee sie -56| °42) °54| +48) °61) °50|} °60} °42) °48) °33) °86/ :30 48,850 
Jack Pot, g., Colo. ....5: wea. 0. AQ liz ic tesal srerenere tatoo EY. 12) see eevee lesa un Sao lr pat cra Do mee Err 1,800 
Jus'ice, S., NEV... .ccececeseccefeeeenefeceersleecees Pesvare satel are enetecs ['enesevora| etarelave||'s\stoinia OE ie Oe ateretel| aiotnters 1,200 
Kingston & Pembroke, i., Ont. SOD Watiareestlleaiss eae produ atau NR oe eal omens pera ae [esr ol ovoa | eranele| wea tar prec nero s 1,300 
Lacrosse, 2., Col0.......cssccs[eecrecferrres[ereecs |eeeese|eceees Hee Besos be teal ask wellescer ota ot farsi aoa) esas absll ata @cs 300 
Leadville Con., g.s., Colo....... “07 “06 °08| 07 SOD | 5 OB le 0S OO frets tetacaistuent ties atei|lainie’e-s 22,900 
Little Chief, s.l., Colo,......... SAAN ASI ee IB ae ae rele ete e ABI eon 22,600 
Mexican, g.s., N@V.....-.eeeees D0) | ors sratelo HOS eerie 20 PIB le el Oliscs outs AO! SAB reat 14. “9,000 
Mollie Gibson, s., Colo.........+ “99,5 B8Ol. 240 2 28R| Bb) B0)s 80), AB cb 20h: was «nie 88,150 
Moon-Anchor, g., COlO.....eeeefecee ce [eres eefeeeesaleeeeecleeeceateceeelereesteceeelececslerecsleee eels ouee 100 
Moulton, g.. Mont... ..0.5..000+ 240 |; ORs OO 3 BO) ete earns BO eves dalltscarsisioll uiece sea ftstecs sre aspen 2,400 
Mbt, Rosa, 2, Colo.....csscccceelecseccleesecslesssccfecnsce[eseecs|ens cel ea eeclesenstosemslcnecclecess lanes. 400 
Ontario, sil, Utah... sess 10°25! 9°25] 10°00] 8:00} 13°00|10-00|12°25)10°88}11°00)10°00) 9°25) 8°25 26,015 
Ophir, g.s., Nev........ Rarseieieiers 2921; SOBs GOl ari °95| °75) °85) °80) °84) °75) °80) °65 25,650 
Pharmacist, g., Colo.......+.- ; : : 
Phoenix Con., g., ATiZ........% 
Phy mouthe.:Calsse vieicctiensisiet|iciiee ste 
Portland, g., Colo... .| 3°00 
Potosi, g.S., NCV ....sccsessoece|ocee-- 
Quicksilver, q., Cal..... 4°13 
Quicksilver, pref., Cal.........).++0+> 
Savage, s., N@V:..... 20 ceees Eman tions 
Sierra Nevada, s., Nev.....+.- 
Small Hopes, s.1., Colo........+ : 
Standard Con., g.s., Cal....... 3°75 
Syndicate, g., Cal........sscees 08 
Tennessee, C.. TenD....-eeeeeee 22°00 
Union Con., s., Nev..... SB OR DROIT Oe 
WnionsG7ANe Ors icivek ve cine 6°88 
WiOBE pi igc COLO noc 3 nciais cin oiciews asi 0 
Yellow Jacket, s., Nev.......-. 
Mtl: Seales. eave cscs oo aN aigcuetas lee reopen esata 'owir ep il ocanese mc istonera uilfevwe atone nyu oso" vaeyesore)| etal ote lla s0C@) opm lPoiaiatoie 12,063,195 
) 


c., copper; g., gold; i., iron; 1., lead; q., quicksilver; s , silver. 


steadily until June, when the high mark of $130 was reached, and then declined 
rapidly, closing at $60°50. The reasons given for the falling off in values were the 
unsettled conditions in Montana owing to the pending legal suits against the com- 
pany, the reduction of the dividend-rate, and the cut in copper prices. That the 
stock should sell at the highest point of the year shortly before the dividend-rate 
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was reduced may be regarded as evidence of manipulation, or at least, reticence 
on the part of the management. The dividend-rate was placed on a 4% basis. 
Anaconda, which is under Amalgamated control, also showed considerable fluctu- 
ation, but trading was more limited in volume. The highest price wags $54°50 
in April and the lowest $28°50 in December. Dividends were reduced from 16% 
to 10% annually. Tennessee Copper shares have been active, as the company 
erected an extensive plant on its property, and is working satisfactorily. The 
stock was traded in on curb, where prices were influenced by the stocks called on 
change. In April, Tennessee touched high water mark at $28°375, while in 
December it was down to $9°25. British Columbia Copper was in good request, 
selling at $22°75 in January, the highest for the year, and at $9 in December. 
Union of North Carolina, was made active by speculators on curb, who sent prices 
to $8°25 in April and $3°50. in February, the highest and lowest this year. 

The more important gold and silver stocks seldom recorded a large sale and in- 
variably at advancing prices. A notable example is the Homestake in the Black 
Hills, S. Dak. In 1900 sales of the stock were made at $35@$80, while in 1901 
the price advanced to $104, the last sale being reported in September at this figure. 
This company pays $1,260,000 per year, which is equal to 6% on the capital. On- 
tario Silver, of Utah, rose to $13 in September, from $6°25 in January, owing to 


PRICES OF INDUSTRIAL AND COAL STOCKS 4ST NEW YORK AND PHILADELPHIA 
DURING 1901. 


=| January. February. March. April. May. June. 
Name of Company. £ 
| 
E Hi. L. H. L. H. L. H. L. 15 teal finea! 180 L. 

American Agri. Chem........./100)......}...... B0F00|Sae.ns SOROOIE SS, competes ome nat PS OO soon es 80°00} 28-00 
Ale Re ONO. OUOlra eres ste e | LOO| iis «sree areemime er cael cites Get Gero omens [Eaten | one 84°25) ...... 90°00} 84:25 
American Alkali............... é 2°38) 2°00) 2°13) 1°75) 2°25) 1°75] 2:00] 1°25] 1-38) 00h ters! 1200 
American Car & F d’y........ 23°88) 19°00) 23°00) 20°25} 27-13) 20°38] 27-50] 25°25] 29-00, 20-00! 35-00! 28-00 
Amer. Car & F’d’y, pref 73°50} 67-00) 72-13) 69-88) 82-00] 71-50] 83-25] 78-88] 83-00 75-00! 88-88! 89-38 
American Cement............. 8°75) 7°50) 7°50) 7:00) 7°25] 7-00] 7-00) 6-88] 7:25) 6-75 7-251 6-RB 
Amen com J@ Refe....sis.. see 65°50) 53°50) 63°25] 45°63) 59°50] 51-75] 69°00] 58°25] 61°75) 89-751159°88) B5-13 
Am. Sm. & Ref., pref.......... 100/100°00) 95°00) 99°75) 88-00} 97-00} 90°13] 99-00] 93°50] 98-00) 90-00] 05-00! 97°88 
Bethlehem Iron.............+5. 50) 61°00) 56°00] 61-75] 60°38) 62-38] 61-00] 63-00] 57:00] 68-00)...... 63°00] 62-60 
Bethlehem Steel................ 50} 19°50) 17°00) 19°13} 18.00] 19°50} 18-00] 24-38] 18-00 25°50) 19°00] 24-50] 21°88 
Cambria Iron..........00eee ee. 50} 46°00) 45°25) 46°75) 43°50| 47:00) 45°25] 47-00] 45-50] 47-00| 45-50| 49-00! 43-00 
Cambria. Steel... 63 ee... e 50} 21°00! 16°63) 18°38) 16°75] 18°00) 15°75] 24°75! 16°38 29°75) 17-7E 185°25) 15°59 
Golo. Fuel & Iron...........04: 100] 56°50) 41°75) 51°50) 41°75} 55°88) 42-13]108-50| 55°25/107-50, 85-001/36-50| 98-00 
Colo. H. C. & Iron......... ++ {100} 16°88) 14:00) 17:50) 15-50) 20°88) 15-25] 20-88) 17-25] 20-00, 15-00] 25-50] 18-75 
Monongahela R. Con. C. & C../100) 11°38) 10°50} 11-00) 10-50} 13-13} 10°63] 15°50] 13-00 14°75) 12°50) 15°75} 2:50 
Mong. R. Coal, pref.......... 100] 43°25) 42°50) 43°50/ 42-75) 45°88] 43-00] 49:00] 45-75] 48°75, 40-00] 49-00! 47-05 
National Lead.....1....:1 608: 100) 20°50) 16°38) 19-88] 15°50) 16°13] 15°00] 19°50] 16-25] 23-50, 14-13] 25-50) 19-00 
National Lead, pref........... 100; 92°00} 82°00} 89°75 82°25] 88°00) 83-00) 85°50] 83-00] 89°50 79-00 93°88 82-00 
Wational Salterilicr ek 100) 46°00) 40°00) 44-00) 40-00} 48-74} 42-13] 47-00] 41-50] 46-00) 43-00] 45-00) 43-50 
National Salt, pref........ ..|100) 79°00} 73°00} 77-00! 74-00) 82°38! 76-88] 81-88! 76-00 78°13) 75-00] 78-25 76-00 
Pibtsbure Coal. vii. co cece 100} 28°00) 27°13} 29°25 27°63} 29°25) 26°88] 35°00} 29:00] 34:50! 31-25 33°00 30°00 
Pittsburg Coal, pref.......... 100) 89-00) 86°25) 88:50) 87-18) 95-00/ 88-13] 99-00] 94°75) 97-75) 94°75] 98-25, 94-88 
Pressed Steel Gar...........6. 100} 51°88} 35-00] 89°13] 35-50) 39°75] 30-00|......|...... 46°50} 37°13] 46°63) 43°75 
Republic I. & Steel. ........... 100| 18°50) 12°88) 17°25) 13°63) 19-18! 15-00) 22-50! 18°75] 21-25! 15-00] 24-00) 19-00 
Republic I. &S. pref.. ......... 100) 65°25) 55°25) 65-00} 58/00} 75-25 60-65) 82-00] 74°50] 87-00] 73-00] 78-00. 74-50 
Sloss-Sheffield St. & Iron...... 100/ 22°00) 20°00) 28°00) 19°75) 37-00} 22-50] 41-00] 35-00] 41-00] 32-13] 39-00 85-50 
Sloss-Sheffield St. & Iron, pref.|100/ 69°00} 65°50) 70°50] 63°50] 79-50] 70:50 86°00} 78°50] 84°50! 78-50 83°75, 81°00 
PSGH ING eC Oil re: rete: ovataisas ay ogeteteiers 100/806 °00)785 - 00/820: 00/780: 00/805: 00/7’70- 00/823 001797 “00184200 785°00/°00-00'750-00 
Susq-iron: G&.Steel. ie nisske es ess I) Roe hs) bane 2°75) 2°18; 2°50! 2°00; 2:50 1°25; 2°50] 2:00} 2:38 2-00 
Tenn. Coal, I. & R.R.......-....|100) 66°75] 52°00) 67-75] 50-50) 62°25] 49-38) 69-88] 62-00] 67-00! 50-00] 76-63 58-00 
United Gas Improvement..... 50/123-00]...... 127°75)122-50) 125° 25] 124° 00/126 - 00/122-50) 123-00} 113-88|120-75 112-00 
United States Steel............ BLOM techs ee Sees | oer te rotrees| eee oon ee cs 46°50 54°50} 24-00] 52°38] 47-50 
United States Steel, pref Bi 95° 7 ae 100°38 96°88 
Wa Oar sQnelmn: ccs ca scale nce 1 a =e °QI : 7°50] 68°00. 66-25 
Va. Car. ‘Chem, pref... vie, 2" : : 200|. heed: eoerey 
War ConlenGoken ek ; : 5: : 5 : : 3° : 6°00] 10°00 7-50 

MPOLAURAICS ss viv'esecteeriesa etsets 205 |G8ing |soonbet bcm tran Goon steal lasonan loonmillacee sald aesial ge ae Po ae oes 
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the payment of good dividends. Horn Silver, also of Utah, was strong, sell- 
ing at higher prices than in 1900, and advancing to $2°25 in October. The 
dividends this year, amounting to $72,000, are the largest since 1898. Stand- 
atd Consolidated Gold, of California, has been favored by the continuance of 
the 10-cent quarterly dividends. The extreme prices were $4°35 in Febru- 
ary and $2°65 in August. Brunswick suffered from assessments amounting 
to 8c. per share, breaking the market from 29c. in March to 6c. in October. 
Cripple Creek, Colo., stocks were bought chiefly for investment. Portland, which 
pays 24% annually on its capital of $3,000,000, is closely held, and the small sales 
made were at $3°35 in January, and $2°30 in March. Elkton, a 13% dividend 
stock, has fluctuated in price owing to the heavy flow of water in the mine, early 
in the year, and to the uncovering of a rich chimney of ore in October, which 
resulted in the payment of an increased quarterly dividend. Isabella was capri- 
cious, owing to manipulation in the Western market. Only one quarterly divi- 
dend was paid in 1901, as work in the lower levels of the property proved unprofit- 
able; its future depends upon the development of new territory. In Febru- 
ary 82c. was paid for the stock, but in December it broke to 30c., with few bids 
in the market. 

The Leadville stocks were handled principally by room traders. Iron Silver 


PRICES OF INDUSTRIAL AND COAL STOCKS AT NEW YORK AND PHILADELPHIA 
DURING 1901.—Continued. 


July. August. |September.| October. | November. | December. Sales 
Name of Company. No. of 
hares. 
H. L. H. L. 13 L. H. L. H. L. H. L. 

American Agri. Chem..| 32°00) 29°00} 83°13] 25°00} 30°00} 24-00} 25-00) 20°00) 24-00/ 22:00) 20-00)...... 14.370 
Am. Ag. Chem., pref...} 90°00} 87°00} 89°00)...... 85-00} 80°00} 85-00} 80°00} 88-00} 81-00} 81°50) 79°50 760 
American Alkali....... 2°38} 2°00) 2°13) 1°75) 1°76 Th SBB[A2 TBs or tS bl BO SRl.. tt eaeY 
Americam Car & F’d’y.| 33°00} 27°00} 31°88} 27°75] 81°00) 28°00) 29°00) 23°75) 80°00) 25°U0| 30°63) 28°50) 211,628 
‘Amer. Car & F’d’y, pf.| 89°25] 81°25] 87°50] 80°00] 87°38) 88-00] 83-63) 78°00} 86°00} 80°50] 86-50) 84-7: 32°446 
American Cement......|...---|-.--+: 8:00] 7°75] 8:00) 6°50) 6°75) 6°50) 6°75} 6:00} 6:50) 6-00 28.236 
Amer. Sm. & Ref..... ‘| 58+00| 51:00] 55°25] 50°00| 52°50] 43-25] 45-00] 88.50) 47-75! 40-75] 45-75) 42°25! 2.180°984 
Am. Sm, & Ref., pref. .|104°25} 99°50|102-00] 99-75|101°00| 96°00] 98°CO|...... 118°75] 95°50) 97°50| 95°50} 427.688 
Bethlehem Iron........ 57:00] 56°75} 57°00) 56°75) 61-00) 56°25) 72°50) 60°75)... pedi oe . 10,976 
Bethlehem Steel.......-. 46700) 8d BO) 153 OO) 1d 50 bes OOl hero le cr pe dlioiee a3 beeac alice bc lO oemahowtes ; 239 774 
Cambria Iron .......... 44:00) 42°75) 45°88) 44°75) 47°00) 44°50) 47°25) 46°50) 47°75) 47-00) 48°00) 47°25 419419 
Cambria Steel.........- 17°50} 15°50} 16°88} 16°18) 25°88] 18°50} 26°25) 25°13) 26°75) 25°13) 25°88! 24°88] 1.146.082 
Colo. Fuel & Iron...... 116°38| 90-00|100-00] 90:00|104°25| 92°75] 95°25] 88°50] 96-00) 91°50] 92°50] 77°00} —’R66;540 
Colo. H. C. & Iron..... 23°50) 17°50] 21°00} 19°38} 20°00) 16°00) 17°75) 12°50) 19°75) 14°00) 18°75) 14°50 179.075 
Mononga. R. C. C. & C..| 14°25] 13°25] 14°88] 14°00] 14°75] 18°50] 13°75] 12°88] 13°50] 12-88) 13°50] 12°25] 347244 
Mong. R. Coal, pref....| 47°50} 47°00} 47°25) 46°50) 48°25 47°00} 47°06) 45°00} 46°00} 45-00) 47:00) 45°50 10.579 
National Lead.......... 23:00] 18°00] 21:00] 19°00] 21°00] 18°50| 21-75] 18°13] 21-13) 18°25) 19-00] 15°00] —_479'430 
National Lead, pref....| 90°50 87:00) 90-00} 87:00} 90°00) 87 00} 89:75] 84-00] 89-00} 86-00) 86°75) 74°75 32°504 
National Salt........... 45°00] 41°50} 43:00} 40°00] 42°50} 40°50) 40°00) 24:00) 33°00} 29:50} 82:00). 27-00 108,429 
National Salt, pref...... 77-95) 74°50) 77°00! 74°50) 77°25! 75°50) 70°00! 61-75] 70-00! 62-00) 69-00] 61-00 53.671 
Pittsburg Coal..... -,...{ 82°25} 30°13} 32°25] 30°50] 82°88) 80°22) 30°13) 28°00) 28°00) 27-00) 28°25) 25°50 170.578 
Pittsburg Coal. pref....| 97°00) 92°50] 95°50) 93°50) 96°13) 94-00) 95°00) 92°50) 93°00) 91-00) 93-00) 89°13 75.027 
Pressed Steel Car...... 44°75) 40:00] 43°75| 40°50] 42°25) 39-00] 41°50] 87°00] 45-00] 41-5u! 42°50] 37-50 78° 340 
Republic I. & Steel..... 22°95! 17°00] 21°50! 18°50) 19°50! 11°75) 15°63! 14°13] 16°50! 14°63) 16°25! 14-75) 660,847 
Republic I. & Steel, pf..| 76°63| 69°75] 76°50] 73-00) 74-00] 60°50) 67-00) 64-00| 70°25) 66-00) 69°75] 66-63) 870.176 
Sloss-Sheffield St. & I...} 35°50} 83°00} 33°00} 30°50) 31°50) 80°00) 30°00)...... 32°00} 29°50] 31°50} 28°00} 72 905 
Sloss-Sheffield S.&1., pf.] 80°75] 80°00] 80°00)...... 81°00} 80°00) 80°00) 78°00} 83°00) 77-00] 83-00] 79-00 47 aBA 
Standard Oilt) 3.) 5.0.2. 778° 00)755° 00/780: 00|765-00)7'78° 00 73500) 785 '00 689: 60\722- 00695 00/710: 00/659" 75 2.105 
Susq. Iron & Steel...... 2°50] 2:25; 2°50) 2°25; 2°50] 1°75) 2-00) 1°88! 2°00] 1°75, 1-88] 1°75 60.145 
Tenn. Coal, L & R.B.... 77°50] 55°50] 68°25] 58°00} 68°38] 59°00] 62°00] 56°50] 66°75} 59°25) 65°00] 58°75] 1.458.655 
United Gas Improvem’ t] 115°88|111-00|115°50/112°50/ 116-00]105:00]115°50/113-00}119-00|113-00| 118°88/115-00] ~” 92°858 
United States Steel.....| 48°88] 37°00] 45°75] 39°63) 45-88] 40-25] 44°75] 41-00] 44°50} 41-25] 43-63] 39-63! 6,092°906 
United States Steel. pf.| 99°50] 86-00] 95°25) 89-00] 95°75] 90-00] 98°00) 90-13] 94°00} 90°50] 94°00] 89-63! 3°021)304 
Va. Car. Chem......... 65°25] 59°00] 63°00) 58-00} 64:00] 59-00} 61:00] 56°75} 65-00] 59°25] 63-00! 60°00] 15/069 
Va. Car. Chem., pref. . .| 125'00|124-00}125-00| 120-00} 125-00) 120- 00/125 00) 118+ 00|125 -00|121 -25|125 00/121 -00 4.100 
Va. Coal & Coke........ O00 | 20300 ete sailed os eaten lige cel neler ged | ia gare [ica eituinn|| oe cneelist naeis aah aeen 500 
Wager LATA (Se meee es | eee ne Wickes eetninn ein disp fo ciacid | oot ood Inenton| Oar ual subbed fiendgdl ncsnuel lanadar 1,848,572 


THE MINERAL INDUSTRY. q 


FLUCTUATIONS OF STOCKS AT LONDON DURING 1901. 


| 

Nthakisedit” Bar Bebe January-March. ‘ 

Name of Company. Location. Capital. | Value. | Pividend) ——__—_ | 

H. L. 

£ Sys.cd. 4) £ Sede S58. -d) | Bi sad. | 
Alaska-Treadwellyietie ievaeresces tense cen AIAG 7s ost. 1,000,000 De ONO | 16 56.0 4176 
ITT ACCOM OB: IO vai ere sia vee Oa cee itik ee aia ees Montana... .... 6,000,000 5.00 8 2 9176 8 50 
WOMGATIAIY OCS Pace tisselivieaea Geos ance ee Fay in| ALCAN eats taraty aces 400,000 1 00 20 5 6 26 
POCO ore es icaema ac ecotee marae hand eaten MGXICO. 5 ac. a5 1,000,000 12050) 16 ae eG 1 26 
Hall Smirk Mer Cis isvoihcsces cas sets British Col..... 325,000 AAO Ra eee es ek 60 40 
ISO WROTE realm ctos at aia tn cah vahiow sien e cenren British Col..... 1,000,000 Br On Oval srirectesteoc 7126 5 17 6 
THOU OL NOMS cai iacie an hie suidics Soa vated (ahae British Col.....} 120,000 5 00 50 5100 3100 
TEI can sa ati aiande c seinihe ee Re elo ee ga Colorado.......| 250,000 Lee OHO csortite sient 12 6 76 
MOMCAMA. 28:2. es 60% veces Montana...... | 660,000 na 020 ve Berea en ee 82 6 20 
Mountain Copper cleat. osiies cece etc aatetes wa California ..... | 1,250,000 5 00 50 5 50 4126 
Stratton’s Independence, g..............005- Colorado....... 1,100,000 1 00 10 215 0 1 00 
CWOpPlaMONe tise pee See ied ca hae uee es Ghilee iene vine 200,000 2 00 26 3 50 1118 
Frontino:& Bollviay occ. hice sees cokes caek Colombia 22; 140,000 t00 3 0 27550 1 26 
St JOpmMidel Rey sid cass nisc. ns ones ntnsoe ose Brazil sess: 600,000 1 00 10 16:3 1 00 
WR CONS MCs alencscsioecny cisoc cineeaiacenict Utah es 300,000 1 00 5 0 Vea 6 50 
VIM tian ante te one a aktanse atic phieth eae British Col..... 200,000 1010) 10 1139 TE 
PLAINES Le itineraries ote pe AK oe proves a Hiaieiose igen SPAIN; weet ea 45,000 3° 0:0 70 9100 6 00 
MASON A BATRY.SC!SU sion ce oo cn shaciasecwace Portugal. ccs. 3: 420,000 1 00 12 6 3.17 6 3.26 
EO BENIN 1 Gerscore oe eatancas ors Slecraise erases oe ae 1,625,000 5. 0-0 P6505 4\760" 176541457 2"6 
RIO MRA LORE Gene vaste casi beres eee pe ase 1,625,000 5 00 26 6 50 6 00 

IA SISs Chee sbr cen itesie Ce sep emis We ctu 1,250,000 CABS Os 6 et Bay Rete em ya 9 26 he e46 | 

ASSOC! GOLGMMINOS ai) ect nicuieese casc lo eeceee > W. Australia... 500,000 AL AOA OS alesterctaccuNtercness 3 26 2°76 | 

Brokens El Prop. Se sa inesisie sew cies aicace oats Ne Se Weales i732 384,000 8 0 10 2100 2 60 | 
Great Boulder-Prop sivies scan elecc ssc elee W. Australia... 175,000 20 6 1148 gyal et) 
Hannan’s: Brownhill, occ cies. sos coeseee W. Australia... 140,000 LOR eis eitaasncsts ace 450 8 150 
Ivanhoe: Gold’ Corp... .c<.6.o. cess eS Secreta, W. Australia...| 1,000,000 5 00 40 8139 6 50 
Kalgurlie, g...... NES OA GUID Coy MORI Sore W. Australia... 120,000 Hse) arcs crs erote 450 38 63 
PakenViewe©OnsOls,o ss'soiay cvs dewey ieene W. Australia... 250,000 1 00 50 8 17 6 5176 
MGs teva eM GRO Se Gadiowaces Tasmania...... 900,000 3. 00 26 5 17 6 4126 

DEG MOR Cami. serttrns canes vecee abe ties cele Queensland ....} 1,000,000 1 00 6 5 18 4126 | 

Vlas Mt ngr net te saressatew Ouse ae ee es ieee New Zealand .. 330,000 1 00 26 / 11 00 8 00 

Champion Reef, g........... Pica sale ea COMP Rela... 234,169 10.0 46 6 39 5 12 6 1 
IMSVISOECIYE ete aut cr tig s wwon Woes eau en tea en wee tan Colar Fields.... 265,000 10 0 32 6 26 ayestoea!) 
INUN OY ONOOR tri nai: ops caetnms eae nesemiseces came Colar Fields.... 242,000 10 0 16 4 89 Se1e8 
Oore piano re ge ae aie ca im Cake renee als Colar Fields.... 290,000 10 0 16 4139 313 9 
OOresnme Prete cece oes ce ee an cs Colar Fields.... 240,000 10 0 16 §.15°0 4176 
Britishis, Afi Chartered: wccsscccss cess. os South Africa...} 5,000,000 LS ORO oie: grate ete thees 3 13 9 2189 
Cape: Copperas sie. ciaeis coe ru ws hoaeale ote South Africa... 600,000 2 00 50 5 15 0 4176 
Cape Copper wigs x0 4y ce csn cea tcaee bass South Africa... 150,000 2 00 5 0 5 100 4 76 
CNG Ys GU NOU DANA Be ct perie ayctncisna fe ets tcie-aibceiscate'S Transvaal......} 1,360,000 A OROC A tareects Ss 6 00 4126 
CONS WeSp Abe Vel yen cael sven eneese ene Transvaal...... 200,000 ORO Se rece 16 17 6 
CROMMERCOLM Es actin a.ctbitctecienlaisinccinvoanioia sae Transvaal...... 120,000 1 00 15150 | 12100 
DEsBeOrse Cons. Gy oe eco A Mca  cise dase Cape Colony...| 3,950,000 5 00 82 50 | 28 26 
1 EWS) 91 5) 1182 Nye 208 ee RR PSR Sect ad ee tae Transvaal...... 90,000 120.0 21 50 | 18 100 
Geldenhumisthiss ce a passc es ccc eae ee Transvaal...... 200,000 1.00 7 26 5 76 
PLENTY AN OMUSC (Os sass viet dainsic tne Cl cia Awe ocak Transvaal...... 125,000 1 00 9 00 7 50 
PAPCESLONECIN. Cla sctin eee ewkak anol kee eos Orange Fr. St..} 1.000,000 5 00 18100 | 15 00 
Johannesburg Con. Invest........ .... | South Africa...| 2,750,000 13050 276 1163 
AINE DBO Ons ataree iets ee ats Gee etek Transvaal...... 50,000 TORO is aera 6 150 5 00 
Ven elaarte-Hst. 2 s..csvac ec asieedeatea vice eis Transvaal...... 470,000 TAO SO Re cticvees 6 83 12 6 2176 
IEA VO ON Rtas owcaiciareuanscaitis aise Grotae MEMS OUR Sore one Transvaal...... 290,000 TORO! alcove tessa statues 4126 8 10 0 
Meyer SCRANTON 65> sin Siv-wie aisle Secetiee cache Transvaal..,... 100,000 DOOM eae gcoceate chee 5 12 6 4 50 
INRA Ba Condinvwe tert meee eo eae eens Cape Colony... 200,000 27010 40 5 26 4150 
PRITIYOSOMUOW)s & sos ciss peek dasie eases Transvaal...... 300,000 UeAO AO leh livetascees craiee: 4113 3.76 
PUA AMINES OO oz sas ins ewaieers aie Ute see South Africa...} 1,795,956 COU ned en 2100 | 36126 
EMOUBBOMN GO races die ss cc ale me RW Seis adie o toins Transvaal...... 2,750,000 DESORO RA tects 9126 8 12 6 
SHO Dar seeeetararar cei sed aeaeeincs Sea oe ee Transvaal......} 1,100,000 LE SO RO Mocsnsce es 1 26 16 3 
HMM A JACK PrOp sk scsicosenle owes en eones Transvaal...... 5,000,000 DA OHO ail teehee seeivs 6139 Spay) 
WiOMRUIDOR Bae a os eescs cess ec sieie stare niga eee Transvaal ..... 860,000 4A OeO- al ace veces 4176 8 11 3 


was strong, advancing from $1:10 in April to $2°25 in October. Breece paid three 
quarterly dividends of 5c. each, and in December distributed 20c., making the 
year’s payment $40,000 larger than in 1900. Consequently little stock was offered 
for sale, at the extreme prices of $1:70 in June and $1 in November. Alice, of 


Montana, though it receded from 84c. in January to 37c. in April, showed com- ; 
peratively small transactions as the property is not yielding according to expecta- 
tions. 


San Francisco Mintna Stock Marker In 1901. 


The record of the San Francisco mining stock market for 1901 shows a marked 
increased volume of business and wider fluctuations in prices as compared with 
that of 1900. 
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Be eR he hs RRR Re oe ios ee ae: ee rR ta: 
Big Gi: [88 gee: 1b Shs be (ee 8 ee eee ne SSR Bie o ee ia 
gO0 28 if 1288 Boo lL BoR pesmi wag 1 i mBS ERE LYS Cases MACE gS Ow 
BE S S fam ao 3s soem eat dg BS sSapore oo ® mOoeae mo gn ae BH 
ES Gis ted 1288 co e8 coals (SH ROR ag bus SER a Sense a dan Sd Tse k RSS, 8 
S88 oR an Sogesano Met ager” atagcue so -Aa05ce5q0Ms sorta, Geass, FSOV2 05 

Ss “Sar 5 CAa =a? = =| 3 I L fa BPs oaD foeeet 
SoS fhS5 sa SES CEO ES Ue ae Gotag soso eeee seme EG es wh SR EEST ES 
Be OGMR SESE RS SAS Foose Soa eat K SSRs Steals eode lees esse soeas 
4 BOOS 8 aS Se OSD POS eka <a Ot eM SSSFOSZCOMODSOOAR ORES AAAAR AR OME 


¢., copper ; d., diamonds ; g., gold; 1., lead ; .s, silver. 


acilities inaugurated and installed on the Comstock Lode 


during the preceding jy 
was to be accomplishe 


The improved f 


ears, by which the drainage of the lower levels of the mine 
d. and electric hoists, ete., installed, for a more thorough 


] 


s which were believed to exist in these lower levels, 
of a great revival of business in Comstock mining stock. 


ation of the ore bodie 


exploit 


ctations 


stimulated expe 


Although thes 


s and expectations were not fully realized, yet the moderate 


e hope 


¢ 


revival that occurred 


5 


5 


during 1901 gave a new interest and activity to the market 


such as it had not felt for several years. 


The history of the San Francisco mining stock market for some years past has 


been marked by extreme fluctuations, a sudden upward movement in one or two 
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stocks would carry prices skyward, inspiring fresh hopes in the breasts of long 
disheartened, assessment-paying stockholders. But this sporadic movement would 
last scarcely a week, and would be followed by a long period of dullness, with 


renewed assessments to depress the shareholders. 


Other booms would follow, and 


history would repeat itself as above. In these movements prices rarely rose above 
the dollar mark, and it is now nearly ten years since Comstock mining stock 
reached $10 per share, and more than five years since any stock sold as high as $5. 

The confidence in the future of the Comstock lode has been further strength- 
ened by the payment during 1901 of three dividends aggregating $75,000, the 
balance going into improvements by the Consolidated California and Virginia; 
the abandonment of former expensive methods of mining and milling and the 
substitution of more efficient plants, making the large bodies of low-grade ore, 
formerly neglected, available; the successful work of the Davis-Calyx drill, which, 
by penetrating the Potosi-Brunswick ground for a depth of 800 ft., demonstrated 
the occurrence of paying ore bodies in unexplored ground, and the extension of 
the south lateral of the Comstock tunnel through the Silver City country, which 
will drain the Holman property of the Silver Hill Mining Co., already demon- 
strated to be valuable. With the new improvements under way and large bodies 
of low-grade ore ready for the mills, the future of the Comstock is full of bright 


promise. 


DIVIDENDS PAID BY AMERICAN MINES AND INDUSTRIAL COMPANIES, $1—$1,000: 
2 >) 
TOTAL, FULL AMOUNT. 


Name of Company. 


1892. | 1894. 


1895. | 1896. 


IAbGRdeenie.c Na Mime Seesa eee ea 
Acacia, g., C 5 

PACTUALTTAG 8 8Ne COOL Os sais ovoreveee erenyes sole oe eerase 
o/s WAH EY Cfo) eee t0 bres 02) RUM an REC re 
Ala: Con: Coal@-t.,; pf. Ala... 2 36.0. 
Alamo, g, Utah 
Alaska Goldfields, Alaska.............. 
Alaska-Mexican, g., Alaska............ 
Alaska-Tread. g., Alaska............... 
PIG COs eos O10 score voles civic cease she 'aieis leks 
AIS; CHIT ORS! OTs crcicicislesy:aicretste c atateweietete 
Alpha OMS Cala vite. « aes 2) elle e's seieee's 
Altoona Coal & Coke, Pa............... 
Amalgamated, c., Mont................ 
PMMANGG, 22" WOOO, oi. ce osie svc es eevee cs 
/ Na Ys V7X0) Ney gel O/e) (eA Ar ata BOC UO doe 
American, 2.8:1:, (Colo.:. 62% 62.6 ies ee o's 
American Agric. Chem., pref........... 
American Cement, Pa.........0..+-.05- 
American Coal, Md........... 
American Fuel Oil, Cal.... 
Am. Iron & Steel, com... 
Am. Iron & Steel, pref...... 
Am; Smo Relsspref..... jo... : 
American Steel & Wire, com........... 
American Steel & Wire, pref........... 
American Steel Hoop, pref............. 
American Sheet Steel, pf............... 
Am. Zinc-Lead Sm., Mo................ 
AMACONGS. GC. MONG. foc. is s'c0iv.0s 0's ve wes 
Anchoria-Leland, g., Colo.............. 
MNGSrSOn sl, COLO cisco see sccuises 
Anglo-Mexican, g., Mexico............. 
Apollo Con., g., Alaska...............- 
AST INSRIOON ste NOV oie cis aeicte sie eins ieee s 
Argentum-Juniata, s., Colo............. | 
ADSORB OA ice cals ieiei sto cs alee a ciate os | 
IZOTI LOLS WAM csicte recreate those e wave mine 
Arizona Western Oil, Cal.............. 
BSSOCIBGEG 6 Fig (COMO T oor cise caccinn + sineoe’ | 


Mtlantie we scMieh cee cscia av traces | 


1897. | 1898. | 1899. 
$40] $40| "$60 
Sp ha a ee 44 
ae Pe Sa ee 3 
ice aeaters 125 
90 72 72 
300] 300! 300 


86 54 
hae aan 
Eiorcr th B00 

72) 7 
Be eee lnaerarce 

90] 180 

100} APR ie 
pag ae ese 
Aaa Aa | 180 
Stes 405 
Rene iGee 50 

40 40 


see eeee 


1900. | 1901. 
$32 
$4 a: 
8 15 
Da) Pilea rset 
175 175 
este 135 
Beale satecsicts 
300 300 


6,000] 8,804 
ADbs. ce 
(0 | 
1,020] 1,025 
80| 160 
255| 150 
12 1 

34 19 
150] 150 
1,545] 2,709 
2°6251 1.500 
2.800] 1.400 
980!  °490 
ert 858 
i Pee 
4,800} 3,900 
1 ee 

RG ieee 
WO thc 
57 866 
Oh es 

80 80 


Total 
Paid. 


$32,175 
45,000 
710,000 
225.000 
393,750 
2,500 
260,000 
465,381 
4,820,000 
21,500 
568.750 
1,250 
75,000 
15,809,491 
10,000 
121,882 
446,000 
2,554,590 
300.000 
1,132,500 
16.000 
484,100 
312.500 
5,391,553 
4.125.000 
7,000,000 
1,715,000 
857,500 
180,000 
20,850,000 
198,000 
15,000 
1,825,048 
110,000 
16,000 
198.000 
490.000 
2,830,669 
6,000 
12,000 
940,000 
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DIVIDENDS PAID BY AMERICAN MINES AND INDUSTRIAL COMPANIES.—Continued. 


} 


Name of Company. 1993. | 1894. | 1895. | 1896. | 1897. | 1898. | 1899. | 1900. | 1901. ae 
Bald Butte, g., Mont.............-+e 0+ $49] $172) $127) $38 $83 $98] $150 $83} $180) $1,102,148 
Bethlehem Steel, Pa....... ce cce cece e ec efe cence fess ceelen eee e[eeeeeeleeee ees | eee eees 300 600 425] 1,325,000 
Big Pour; @., Cols... oc. esc ce ses se ern feewecabe meester etre e|ecenet ees resis] seen rele de sas : GI sic o's oe 15,000 
Bonanza Dev., g., N. Mex.........-+++-- Hest ah Coed seh aa Ce uh pee Male Cae Ae Peeters eta eet apes 1s OD ar Sateces Secretion 1,050,000 
Tete calseeh Pye Ch) Rgeaie eine bee esodded oa shel Abeann lier cduclenatns| oacrolecomoobinoaacd QObss eaCatnl ees 20,000 
Boston & Colo. Sm., Colo.......... cee cfece eee lec ence fone ceefe ce cee [errs eeelertecee 56 34 45 360,100 
Boston-Aurora, z., Mo., pref.........--- [oceeee[eceesefececesfeeeseefereeeesde ceeee 29 litte teres 66,160 
Boston-California, g., Cal...........--- Weceee saat Conte tines crarepel ey arated totatey atetctosl oa vaeitalaet 6d aaa N ET Se ICR a 72,000 
Boston-Duenweg, Z., Mo........-.--. Desi feceain sess dl teiaoete ral ltfaeehavelrarctetcoatel| otahateyetes ett atatctedotete 32 QA tee 56,000 
Boston Get There, Z., MO'....... cece cece sees elec eee [e rene ebe cece eleceeteelesenees 11 Ql sine: 20,250 
Boston Gold-Cop. Sm., Colo.............|ecceeefecee espe cee eefeneces|er sees ele cer ee stene sees 50 100 150,000 
Boston-Little Circle, z., M0........-...efeeeeee [ere e rele e esse [eee ee sfer rte er eens va) 13 25 112,500 
Boston & Montana, c.s., Mont.........../.----- 275) 1,050) 1,500! 1,800) 1,950} 5,375} 6,450) 5,250} 26,225,000 
Boston-Phila., Z.l., Kasei. o. 0 oeuna sees [separ ead | ote ay eat PRIS tat crater saat erareteecl aa aheorcee Dlkat ners 2,000 
Boston-Providence, Z., M0..........e.eefeeeeec [erence fee sees fee secs [erste esl ese eeee 11 Gh ister eieaes 17,242 
Boston-S. Dak., ¢., S. Dak.......0....... |e cce cs [ec seen [eee e ee [eee eee e ree etfer screed eee eecs BO remanent 10,000 
Boston-Springfield, z., Mo.........-.-.- lSoeeeolbenas| theta Cosacc Ponur collonmanOpl idee ID ee coe 15,000 
Boston-Sunflower, Z. MO.....-...ccce cee fere eee lereesefecceeeleeeseetr esse rele scenes 13) Raise eee 4,500 
Breece, i.S., Colo ........ ccc cece eee cc fere cece reece |ersenefeneceeteesces 10 40 30 70 170,000 
BUG evens COLO «ves scene es ailie cress nlm ole tlic sais iecayeiararat| ie Ueto lisiavokeenaalfiteaziosetuiel evr sleet wieinionee AGO |e totes 160,000 
Buckhorn Oil, Cali... .ccce ccc tcc cee ee less cee [sce eretececinc{erenssleterecs{erserectenc sere 4 4 8,800 
Buffalo Hump, g., Idaho.......... cee cee fe eee epee ee esfe reece [ec ee elec e eects eee e cele eeeces 205 25 300,000 
Bull Hill, Con., g., Colo. 22... cece elec eee c fame cc [ee ese lerecene ect seers cece se ee aes 15 88 37,500 
Bull’n-Beck & Cham.,g.s.,Utvh.......... 170 90 120 GOlsrccress 2,498,400 
Bunker Hill & Sull., s.l., Ida............ 102 228 201 252 252) 1,305,000 
Burlington Oil, Cal......:....cccce eee ee[erecee fees ee eferse rede te eee} ec ceeesfeer sere teeee ess Blatant 3,600 
Butte & Boston, ¢.8.1.,Mont.............fece ec efece cece cece e [eee ee efer sere efeee cre rleneeees 1,000 600} 1,600,000 
California Oil & Gas, Cal............... He spisivarsveieseietsistecall Sila’ spate fours aieas cece 540} 540,000 
Calumet & Hecla, c., Mich............. 5,000} 5,000} 10.000} 7,000} 4,500} 77,350,000 
QambrialrOm Maes ess. iete ness oe 5 - eset oaleny hence iran ed Ue coir ENV i remit eR ear 339 339 339] 1,015.960 
Gambria Steel, Pa. .o.:s.5 20. decree cece cle secus [eweess [ome scielineseesieressmelierce ene 660 940] 2,150) 38,750,000 
Cariboo-McKinney, g., B. C.....----+ efor eee [ee eees 49 76 48 67 72 BBN sas. 478,087 
Cent’l-Eureka, s.g.l., Utah...........-.. 
Genter Greeks Tez: MO. eo. occ sic's sersiee vin 
Center Star, g:, B. Ci... . ese cee ieee 
Cambrai lens cictsiee vein cites vievis ss osirer 
@erieral Oilh Gases cc sissies se ste ssse cere sis 
Wembtral: OMe Waa Bcc ces cies 6 cise e tele 
@hampion, 2-, Cals. os. veces eee es en 
Charleston, phos., 8. C.....:.........-- 
Cloverdale, Z:, MO... 2.0.6. cceewerseeees 
Golonials ais MOsceccescns comet onan: 
Colorado Fuel & Iron, com............. ; 
Colo. Fuel & Iron, Colo., pref.......... 1208 OOP ra-ctotes 160 PS Oe ate baie ae 8U0 160} 1,820,000 
Sia irhantas  Walkeaal Layne soe decane See psnnneliouecon| | bouccesnnonc Gn boon bua nas ol ehiren at mrnos ea ltcercemnre 12,125 
Commodore, g., Col0........sceceeeeecefe cee eefe ce cee fete ees|eeeees 20 20 Ca cana real ear cate 432,000 
Commonwealth, z., Mo., pref...........)eceeee[eee eee [ ere eee [ere ee [ere eeeeteceeees 20 SO\e cee 50,000 
Gonsolidated, £., Colo. 00... cee cs seen elec esse fore reapene see | ee ee settee cece 10 110 182 802,000 
Consolidated, z.}., Mo., pref. ...........feeceec[e ce ece fess es ede c ee ce[e reese ele cee ns elec sans Bhesccoearens 8,000 
Consolidation Coal, Md................ 205} 205) 205) 205 205 205 205 205 205) 5,818,000 
@on; Mercur, ¢.,.Utah.. . 0... eee 60] 200) 200) 200 250 855 100 BRD 1,591,000 
Cone Mercur, (lew), Utalie 2 ccc ec )scccefienc ver |oee sesiie ee tet one ocilistinnetell see sams iene se ss 37. 485,000 
@WeoebleZ Vs WMO; sees tes. oss tere res» cleus] ore eis oie wiols areiellinece nisseille ines taeiliove misreseralielaisiycings 3 Oil aerate 80,000 
Oripple Creek Con., g., Colo... . 0.6... i [een eee |eceees [ere ces[ereer antec senseless e asta ce cese TOO carreras: 160,000 
lifes Ti Cee OL be en Goneeeadnonocrerbe5|(c0000n)SuGee) oon onc nour laohhi sor 29 19 108 76 227,300 
Crowned King, g.s.l., ATIZ.........ccee feces ee |e cee es [ese eeelen eerste cece: 96 1 i ERB Ny tea [eu per 242,760 
Grucible. Steel, pref.c We Sec: tee. ey cece ee c|iceenee| «els silo wee emilee sme cl neslceinailie *lns sis 42%) 1.740) 12,187,500 
Daly-West, s.l.g.c., Utah...... 2.2.02. feces ee [eee e ee [octet ete e necro recor elon secss 120 487 600) 1,207,500 
Deer Trail Con., &., Wash. ............cfecsecelececsefesscsefoeeeneferesces[ererees Byes Nees tort itarcrore és 55,000 
De Wamars:e-) TdAhO\ eer ss is sey ves 450} 500} 450) 500|....... 48 48 48 192] . 2,586,000 
TELE Vey AVLO rate ciety orcrs cc cis ater)» efoie/ele"elo\ioteillo wialoievell(s sisinisueil ns eansois oil av sfarmiovedlinyseys'c etn |helaievarsiere 3 CAS Sear) 7,680 
Denver & Cripple O’k, g.,Colo... 2.2... ces eee |e cece e fence sel eee se leens crete eee sa ates cess TAL er etree 10,625 
Wesloge Com ly Mons. 2.2 ec, ee rie cece eee me ott emmicnt icles eailecien ss £0 380 QO e eies 70,000 
TYE fen Olena Os lor Con eee saa nonn biel Sacceolue ja0c|boupng|Wueode jaa no eb ot-co| hops cr 2 3 5,850 
Diamond Shari Owe Cale secs « eeieccietcjece'| ovels © s/o Noles wiese | e's elelplel| sueccensereil eseiels scales sieic(e/oxeliciy, nies Giiteereters 6.000 
Diamond State St., Com., Del...........).0sccclerecncfececes[esceeefes cee elertecestesceeee 100 64 184,000 
Dixie, g., Utah......... Bei PRR eal R ee Ga GA Menon ee RY aie cL ats oN Maeght Nie clictate WWig sects spell av miele consis 10 158 167,500 
DOes Ruins Lis? MO eiye.cis:eis.c oescie oivin 1c jese cis cele el|/erefe oseleilie» sions in) ctete al eilintesneicre 30 80 60 60 60 477,072 
MomninnsOoals Ni. 95 o9 cca aes ws os ode linseed ornllinie wise eiliete oiernveilies ccorera'| = + pie ohauel| onsrereieiesel|ie neinye Sinl|'eae eile 240} 1,920,000 
Dominions & Sb. Vl.s, NeSessccce ccc cele sew sletececiibee sive wplelselinecimelielnscieemsyemesie salve sess: 175 175,000 
Ducktown Sul., C. & I., Temnn........... [eee cee feee eee [e reece fee eee [ereeees 29 BBs Pele ants 175,000 
Eldorado, g., Cal......esceee eee e rece es eee er ies) ear Se te atl beeen I PR etic oir TQ) ieetcers |b antes 10,000 
Bilicton: COns..221COlO. s ccicnies otis cn ris seis d 90 260 220 68 259 825} 1,304,461 
Empire State, g.s.l., Idaho..............[e cee eefe cece eee eeeefe serene ereees 67 256 855 586] 1,258,338 
Empire Steel & Iron, pref...........ece[eve cee [e ess eefe cece fererselereeesslesenees 71 107 71 248,850 
Fanny Rawlings, g., Colo.............. fis cc SOIR cacao beeches oN taste! suatl armeaxecd vag [tsueesre (tions DO} Grane cllosoote 20,000 
Raworites 24 COlGs<..sccccece esis ce cess «|e crjens|sccees|inceres|accen (dbonten|losacoccl manor: ASI cwsareners 48,000 
MAdOral SveCl COMM. .cacu sis ctescsrarer care lee e's sit learn easly se icgeatar Hawise | SAE Sb eal Rana 1,743) 2,824) 4,067,376 
Federal Steel, pref...........ceceec cece fee e reels cere leer eee leeeeee lee area sltaste sitet 1,598| 5,060} 2,897) 9,039,654 
Ferris-Haggerty, c., Wy0........---..- Heocsltey sale Kiara eel tar seaaioedrad fot era otaill es eherat oleae ltaeaeaye, tite Dieser 10 15,000 
Flat-Top GC. Land Ass'n, COM... 2.65.6 .6).. eee [eee ese feeeceeleneses mete aio0l eae ae DRE 111 74| 352,840 
Flat-Top C. Land Ass’n, pref.’..........|.+-+-+ lessee. seared Ge Ge a ase pr apatel tira va attain ere pave 149 149} 2,098,450 
Florence, S., Mont..........-..e2seeee eee Pelee aceee 35} 54) 54 44 44 Qe xe Sees 223,780 
Sei ete ee aD eR A Nae ere ery 
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DIVIDENDS PAID BY AMERICAN MINES AND INDUSTRIAL COMPANIES.—Continued. 


Name of Company. 1898. | 1894. | 1895. | 1896. | 1897’. 


1898. 


Frisco Con., l.s., 

Garfield Con., g., Colo 

Gemini, g., Utah 

General Chem., com 

General Chem., pref..... Stee aipnwarters tits 
Gold Belt Con., g., Colo 

Gold Deposit, g., Colo..... Weare ete rears: 6 
Gold Coin of Victor, Colo 

Golden Cycle, g., Colo 

Golden Eagle, g., Colo 

Golden M. & Ext., g., Ont.....sseeeeees 
Golden Star, g., Ont 

Gold King, g., Colo..... Bea outs Lice tarcites ull conmistarcnelennemiac diate alee 
Grafton, g., Colo 

Grand Central, g., U 

Grand Gulch, c., Ariz 

Grass Valley Expl., g., Cal.........ssee]eeseee]ee amieis [Rieare ee trevetete ioe 
Gray Eagle Oil, Cal 

Greater Gold Belt, g., Colo...-. 

Great Western Oil, Cal 

Gwin, g., Cal 

Hecla, l.s., Ida......... SAR ACO cn hoe 
Hecla Con., 8.]., Mont....csceececeeeeee 
Helena, g., Oregon 

Helena & Liv., S. & R., Mont 

Hidden Treasure, g., Cal 

Holy Terror, g., So. Dak.. 

Home, g., Colo 

Home Oil, Cal.......... Disc roeasewcens 
Homestake, g., So. Dak 

Homestake Oil, Cal 

Horn Silver, g.s.l.z.c., Utah 

Idaho, z., B. 

Idaho, g., Ida. ........cee see e eee e sees 
Independence Con., g., 

Towa, g.s.l., Colo 

Tron Silver, s.l., Colo 

Isabella, g., Colo 

Jack Pot, g., Colo 

Jackson, g., Cal 

Jamison, g., Cal 

Jeff. & Clearf. Coal, Pa., com... 

Jeff. & Clearf. Coal, Pa., pref 
Kentucky I. & Coal, Ky 

Kern Oil, Cal 

Kern River Oil, Cal 

La Fortuna, g., Ariz 

Lake City, g., Colo 

Lake Superior, i., Mich 

Last Chance, g., B. C 

Last Dollar, g., Colo...... Sate preteicisice essere | eine sis/ailiarsreloceell teste: kets farareeenin | deo ae 
Lawrence, g., Col arg 
Lehigh Coal & Nav., Pa..... SRR CRAG 

Le Roi, g., B. C 

Lightner, g., Cal 

Lillie, g., Colo 

Madison, g., Colo 

Magnolia, g., Colo 

Mammoth, g.s.c., Utah 

Marion Con., g., Colo 

Maryland Coal, Md., 

‘Mary McKinney, ¢g., 

Midget, g., Colo 

Mo. Zinc Fields, Mo., pref. 

Modog, g., Colo 

Monarch, g., Colo 

Monongahela R.C. & C.,Pa.,pref. 

Montana Coal & Coke, Mont. 

Montana, g.s., Mont 

Montana Ore Purchas., Mont...... 

Monument, g., Colo........+seeeee erate aneraifiobteaterctslfrots woreverolhiciesecevonst| onchere piel ts 
Morning Star, g., Cal Sian cowed tere 
Morse, g., Colo 

Mountain, ¢,. Cal... i .cvercsse 


MOMNE DiablOs Sig INOV sae. cive ov catia selaller’s cit se AES Wee ee | eae PARE SR RPE SR 


Mount Rosa, g., Colo....... eaiaiele 

Mount Shasta, g., Cal..... Basie Helis pauevales tins 

Napa Con., q., Cal 

National Lead, com 447 
National Lead, pref..........s.00. Seika 1,490 
National Salt, com......... Siereighel ara eho psa hiazeasy Meet] os eet 
National Salt pref sssccc cris vio tos sce celle aw ee [aceon 
INATOMAUSTCCL DROLs rece vicipdece nieaiveve elements dearer 


1,192} 1.043 


1899. 


1900. 


$920,000 
159,000 
700,000 
700,982 
1,271,864 
112°500 
10,000 
960,000 
408,500 
98,916 
10,000 
45,500 
412/219 
10,000 
691,250 
9,600 
30,000 
217,000 
76,000 
10,000 
271,500 
100,000 
2,250,000 
116,500 
90,000 
457,452 
172,000 
237.500 

31] 260,000 
0| 10,663,750 
31,500 
5,342,000 
292000 
8,188 
281.375 
208,501 
2,550,000 
742.500 
175,000 
6,000 
62,400 
30,000 
450,000 
164,041 
350,000 
10,000 
1,066,000 
3,875 
2,182,000 
45.000 
180,000 
10,000 
19,877,788 
1,308,000 
28,117 
349,188 
35,000 
187,000 
1,840,000 
300,000 
744.544 
330.000 
165.010 
31,885 
225.000 
120.000 
1,388.6€0 
120.0C0 
453,700 
2,322,000 
21,124 
854,400 
215.650 
3,093,750 
260.271 
75,000 
6.000 
1,140,000 
1,341,486 
11/883,560 
615,000 
875,000 
4,252,500 


1,891} 945 


THE MINING STOCK HXCHANGES. 799 


DIVIDENDS PAID BY AMERICAN MINES AND INDUSTRIAL COMPANIES.—Continued. 


Name of Company. 1893. | 1894. | 1895. | 1896. | 1897. | 1898. | 1809. | 1900. | 1901. | Total 

Waihiome kf Ube; ON ercicistrocciassis's ioivtavete's bas lltoveie cvepa | eerevacatalljoveSbuiers hacoteretern [aattinvateioe| os 00 rca betes heroes $1,196} $1,196} $2,391,624 
Naltomale Dues pone tts «cis ccioren> tiesuie siclereoe retell oo ateYaresall sealvacenllare niecall mie Ch iail artnyerbrededl <paiaiecere $700) 2,800} 2,800} 6,299,416 
New Central Coal, Md..............-.. 0 
New Tdria, q., Cal. ....c...seccvecsscnes 
NRL Or 5 Zand Ovsierare viele eiSierticinieise win'sin's 
ING ee ZAIN ces there psatens orate oteiajsreveie dieteiatabess 
N. Y. & Hond. Ros.,s.g., C.A....seeeeees 
Nighth’k & Nig’t’gale, g., oe: erica tee 
North Star, g., B. Cesena ieee 
North: Star, g:, Cal. .......5. 
Oceanic Oil, (7 tee ea a 
Old’ Colony, 2:6) Sms, Moi. ee cae 
Olivers sOD ass veces seis g afereiuietabalotanerens 
Omega, &.; COlO........cveccccecescoves 
Ontario s) UtAh ci cicccsoccccveeecnns 
Original- -Empire, (ees Ori Rarennmer rH GOrkes 
OsGeolas =O; MAC etice cc ceitiare cv sieiete fees 
Pacific Coast BOAR CAINS casein siisie’s 
ar @ils Cai sec stistatavercecvers cisinie oie, ecaveCeretcrnes 
Parrot, c.s., Mont,. iat wariteeances 
Payne, g., BC os on ie eiierars en 50 
Pennsylvania Coal, Pa... cscccesccs sor: 800} 1,000 800} 1,500 800 800 800 800} 2,160) 21,860,000 
Pennsylvania Cone o.,- Oa. Sisiccsciecmias lols veaiels sec nap selene sleet ise seisiels 28 68 QBs wer sioees 161,325 
Penn. Salt Mfg., Pas hr acl oo aoa nw sce aria ca ee 150 150 800 300} 12,850,000 
PONNBYIVAIIA SLC Pa ates ac rose cciee c.0 0'e eifle'e cicie's fl ovsiesoce.nilleioro'syaiei| sierstaisrell otece/e eietel iors ereleisi a 26 105} 1,068} 1,198,750 
Pemole secs eine Messi arercr ances sovsiate ec tr corel sun mueific eveisoaseil ey ote ctatesl Ce cle cian esbeitte ca ecwatOrepaterel liatofeteraten| cboces serene lrete ore oisie 693) 1,850,550 
POLO sas Weed ae seas ei cisas averse Seoiote oievoo iste] (a vajacateras| sieve stalar|raraic: unis latetoLaler vite Getafe: cers lfavate Viole’ 2 5) pirat il Ree ot 32,000 
Philadelobiae NaturalGas, Pret. sss. cso) cs os ci] se siccs acs leite Seiliers scesci6l cr lels efave | wiaveislsicraliatelclecclete 100 200 399,836 
nae fds Fi OAR as aga ina Cope nt imor iC Hal ial inborn EN point iri o 5t 50 ABS, cette ios Screens 62,500 

Pictsbure Coal ean cies cools se Soler acing oe aa [Reve suc vual | Siereceretet feterakel soll averate rete: |ferdr ate overall uistoraterare 2,240) 2,079} 4,158,168 
Plumas-Eur eka, Pas Calaeiian cumetoswes 51 51 51 25 5 lnc taectel ia ceyeciers 84 84) 2,831,294 
Portland, g., CG Latta eee 67| 556} 240 330 570 720 750 720| 4,027,080 
Producers’ss-Censy Oils Caleccincec cs nac|See Societe coetiy sere alltane vialsit|iecere cfetaell wie’elesersi nlf rere eteiaes 53 4 56,500 
Queen Bess Propr., g., Ei Bf OVE eon ea res en Rapa IRR E aee i MaCR eeell ea Des leocinw ie atenererrne 25,000 
Quicksilver, , Cal EA Pee aie tar ese Pair Fe Hanes coke babar TS Poh IRE Hee A Pe peabeieg eie 22 22 22! 1,888,411 
Quincy, ¢., PS Gn SH ae 800} 400} 600} 1,000 800 650 950 900 900} 12,870,000 
Rambler-Cariboo Con.,g.,B.C.......+0..[..0ee- 
RA VOD Sos, COLO srrsiceils cicleivin's oes sieis sisieies|iarslareres 
Republic Con., g., Wash....... eo Hic incl etic 
Republic I. & St. ar pref Mcelefeis(esterelsie cauterke | metres 
Reward Oa cas sara stersis ohornierore sielentinrers olicrtacatci 
Rexi@ile* Calon ceeiiancts seuictaeraetcloe purine oie 
Rocco-Homestake-Nev., SHG Winoohhbe nel ijonan 
Rocky Guleh,'g., OFeZOn.. cise sees seeless cin 
Rirssellebe wit Ze MOsee sisiccieiviesicvevyise se eee secs 
Saicramentoy go Silisa Wit a sse 5 wieteie/eteiolsls cilis ecarsrets 
Sait Josephs ls, MMOs ss csciseesenssict eves 150 
Santa Rita, g., Colo..........+«. Gaiaiscoroe [seas 
Shelby Iron, le the es eine bavoone eeccee 
Silvers Ku cece Biles WCAG aisle visi c's wielerecoieie i wiaieeiale 
Silver Shield, g. s.l., MOU aetenraestceisie orsie oleh etnies 
SixePointe soy sO OlO st n.tericin sv ierersrt ofersiaatelpeiae care 
Sloss-Sheff. I. '& St. POLL eieteeieiasiarsietarcisialalliarsia’sicls 
Small Hopes, s. , Colo brace’ ¥ Oia 8 nies v pienwalerelllateoe site 
Smuggler, s.1.z., Colo.. bee 575 
Southern Boy, z., Golo; M222. evee ee 
Southern Cal. Oil & Fuel, (OF) RaWARinbitns| minnie 
South Swansea, g.s.1., Wiehe ea eo 
Specimen, g., COlO.......scccccvecoreseslesceas[sreres 
Squaw. Mountain. gs Colo... jectereess|seneealaee- oe 
Seanaarh SU EGANIO ice s/siavereeine ee abewions liekcdtelteese nates 
Standard Con., oot O21 WEEP Coon 20 D4 
Standard Oil ONT, hich cco Acrcrtcn| aatieaccd hee esirses | ORR res erat Paar ee |e are 26,825] 47,800) 46,660 120, 385, 000 
Stratton silndepend :, 2: COLO. oie. csi « [ieee c walla > sce.!|iers ase ovo see all's vie'e cei |'oie wiriarere 76| 1,789 788) 3.552.856 
Strong, g., COlO.....cceccecccsoses ABTA WGnpan obene lai cee esuone 250 300 300 300 300} 1,845,000 
Susquehanna E.G St., Pascr csc case ce cfeccinss|ieccees|eecereevssrs|asvacieleccsnris 180 113 68} 582,500 
Swansea, s.l., Utah....... aictatenciguesetbiottarat oil tomeralavers fava cesenteu linesrereds 20 50 65 65 5 29 330,500 
TMM APACk es Cra 1G Hs sere reiaie disielsls ayeis’e slay 600} 400} 400} 500 360 440 600} 1,020) 1,200} 8,490,000 
Temonj, g., Colossi Ua clare a aieieletonicrersiilet wet cal ty see TO |B teasastte lisa ness cific 8 eis selesn | auavetoenyshs QO easy 250,000 
Mons Occrls Goce shee COM ease e's voice sie oie cotnle {isl 7 cscs «ebm qin sisinie [fet aieiece wliersin's eC ailiacscosnteieiy GGT cea 1,1¢€2 144 
rinse Tee ac Greiacee Soon ih, dierent te wiaow ln Gubee Derails cia thee Gcau men le secre 139 20; 262,880 
Texas & Pacific Coal, U Wap. apa TNR Ce etic | LAR KER Ce 2 Le nic, 2 6 ani ara epee anes Le 140 120 120} 1,920,000 
Tomboy, g., Colo.......++- Betis tie eieioal seston ee Wales 800} 300)....... 50 152 144 216) 1,172,000 
Touraine, g., Colo....... BRA Ciesalera aie Riese oreis [lac avara ovahlis onnee Stl Come opel erat scapailtauese Sratblel| [Oss eleraenael caer area 88 9 96,119 
Union, g., Colo..........008 Suc oe Cota Indo neo ne 27 13 23 lwo len sre 813 25) 420,244 
Union, z.1., eo ar ateitaheveimia re diel eioosinr el faveate oteutrarete siete 9 ai 16,000 
Wpliedenl, Mons... ciss ees esaccs 605259 
United atte core Oil, Cal..... 27,220 
Wis SHOW Va eitncsen ee ces « BY, 000 
United Verde, Or AT Ziiaes o.e co baeeeisieis weal eos ws vracailleoare aue:] eovniedara}| crea. ssalalf evn as eyrceeH foe eh OE 2 eget interes a elate [Ealeseiesa'stesalele 
Witahs oo Utes. dicissiesiensie'es 6 FIP STRR ee Bieta. 12,000 
VAMICAtOD sos, COLOS ir ecce views seaisisie tl wees ns etcreaes 664,000 
Va.-Car. Chem., COM.......+..+ee fickle [fae sisSielfacecestauae's 10 40 40 270 360 480} 1,650,000 
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THE MINERAL INDUSTRY. 


DIVIDENDS PAID BY AMERICAN MINES AND INDUSTRIAL COMPANIES.—Concluded. 


Name of Company. 1893. | 1804. | 1895. | 1896. | 1897. | 1898. | 1899. | 1900. | 1901. | Total 
Wias- Oar. Chern. ore ti cee cis cic deve sia Siete | siminse otaif crane ees] drareiaretas|ldiwie ave Pateoate s saahnarsrs eee $800; $800) $920} $5,100,000 
Wanvwiek Inonra: PLeely Pac. sc). iias essa a licensors alicccette olde ai [dere cient Dorie aa. | otnleureans 64 132 84 279/324 
Weare leiry Gag ck commer soe kee cares Heck al Cots ole or aera aee $177} 815 B8l ea vace 545,250 
Weatherly-Bonanza, Pn NVIAR Eh raiet ep stereta bata llara\esajectillov ere sient avatars toai| atcceceto sell apeineinrevel| atatere sete Biserts Seslfauores 2,000 
CREST AUG 2G a eel 1, | Neen cos 5 Cannio cea CG] | Taro CICS Meade eset ovesieerr citeacionind ecko bane | Peioen nc a DU iaiere svete 50,000 
WHRNINONGlANn Gon sok cite ae creas wise ell brat siete Mate eG Bee ESL Coe ow alee aaa eee aah 750 750} 750) 6,750,000 
ML AE COMER Z 3) Mens , inndarss scurry e cielIRictets cai] Sere sallow arsouleats som! step tes | ie econ 2 Olas nas 11,250 
WO LHe Pierre TCM DG «srs: alaiatere:s ssh ahere ers ci [ Bist ee S| chars heee es ciel Sewanee Nee oistce e 60 210 240} 240 750,000 
Wythe, Lz., ES GIN aN Oe ARRAS eon eae ea Seid Mean on pa SS EO yi cer 76,000 
Yellow Aster, SP EOAL. Cie «vias sctstorien setae ame wl aber segs cele el Reneae $40 131 145 TSO lie area's 459,410 
Ymir, g., B. CT SNARE RUSS AS SIME 5 SPiN RUSE Sirs i a nenC eat b SNe Nenad 49 SO iSeries 192 290,000 
STEPTOE Ve recap Ga re el bee ee He 50 8 58,000 
rong OilseOale cas ace ueen toca ceae cal oeeens leeaee | Semon teenie tec ht onenoes 3 Ili te 21,000 
VOOR Es COLDER Riebeaialsae tities weitere uses coe locates ara uote [ao Ne ee We carl | aa aloud a a Smee awe cate lhonetaa 7,500 
c., copper; g., gold; i., iron; 1., lead; q., quicksilver; s., silver; z., zinc. 
ASSESSMENTS LEVIED BY MINING COMPANIES. 
Name of Company. 1893. | 1894. | 1895. | 1896. | 1897. | 1898. | 1889. | 1900. | 1901. RAS 
INEORI OE Bo cL O LANEN ce tame cal tail eesbis boat Paces kolicze eis Oitcc oir oie oro eee $365} $760}....... $1,125 
TTA VET) ia Ie oes aero irc io ie choral oe ea ras loinc eel panies dl ek eee Mice Clee ees 5,000}....... 5,000 
ZENG Ae SMe UGA cha chg ewer se oll saiers Boatl orce gi skoall ogee monsbeomcatece ek ae $2,500 OOO ew so eteil eaten 8,000 
(Mame oaee A WtHLN b cksns ena halon alas Greta an aaleemee peers |menebed 34,000] 20,000]$12,000 66,000 
PASSE ING Tel he e SE Diss os Hp ava sacha AE ad|la fove.iosare cap scehete’o eici ln vateceie a cilteca Terese sisi] orate eeiarel a anew 500 GOES oats 1,000 
AVAL A Ss UNO Va hOG cule yiise ballletare tera e'| wtelenee Siete ch emcee oe alee aee LOGS OOO IS cco: Aletta etne lass eats 100,000 
(AVI ANIEO LG SI) ON WAIVER 9 eg. oischs will vcwca tet eb araspvoloreres] ietevauiere [ia clamsoate « [amie ad Rous ab ol eee cen 5,000} 2,000 7,000 
AdMamce sei Utalins <tr ns Uline occmalee ees SHLONUOG) |Seceecnte erie tse cae 15,000} 10,000]....... 225,000 
ANTISON-Ravch- MOR. G5. Calcsk salt ia-custers | giiccte we lteeidocete lace steacarh laisse lio cco 5,000} 10,000]....... 15,000 
ASHOMOZ Cr UMLI GIN ss cver a fativiencresiesnfarstenins iP MOD OO) oasecaliba gate acatios ‘SON O00) learned ie cape 240,000) 1,760,980 
ANDRAS RGN GV:.\c ties sos sae ee dees $10,000; 6,000] 15,750/$15,750) $8,400] 8.400] 3.150 8,150} 3,150 825,500 
Alban GENO Vena os shakes hai 25,200} 50,400] 20,160) 82.400] 16,200] 16,200] 16,200] 16,200] 10,800] 3,708,110 
PASM Deana eSNG] BRIN seit valores ginibvd pis oi giacelshe oul ovoreiates is’ lhaverevarerbre|| tyceratei)ucall conmtae ata lieces carsiasil | ancaees Comes OS8)6 ae cecil aerers “be 938 
EN INMONT AS CeO Us cathe: ce cre: civsavaieswiea's avobfla nse’oses vos’ iatere tare: esl gra: check acolo aeeiece Soden ees ees ks eee PANG) percins 2,500 
ARAGS TE NOME isc ecenes alba cca: 25,000} 15,000} 15,000} 20,000] 10,000) 15,000} 15,000] 10,000] 1,285,000 
BASIN TURE AEs ctSe SEM) CEA TD oasnd sie atalstctats oke’n siatdya aretove cers) astre comets lin sdera aavell Bemetes tec ers Waates al one tateart | cine 5000/05 <3 5,000 
PPNONAR CH MTOM sina ciecsisied ete alere foil o sseele Fel] tele wie hell cranes wise stale e oe dae othe LSOLO00! rage cade es aeals ete 180,000 
PREVA SOLA VALOR RCA ers ac eeteicrs & Sall rove ccdoneln|| (oid gare onl esecaes: ove tell armtaseucaiuall hiaata take 20,000} 20,000) 10.000]....... 50,000 
BAALOM Hp dOVCSOM:).'5 -inres sieicin's c'ollisis'a's'stis\[inyeieia bial ele.aierse ti|'s cis vie cei[iweigreldeisll eels ca wie ltrs hl 10,000} 10,000 20,000 
PAGS eME Nk CHEE KES, Pi Cals cc's sil seeh ely ce sis are [ews tr iniase Rua eke ee GOLOCO | crcattls sa seis 60,000 
BAT MOAN ics. \oreiocssssosava: dis evervavare acl [aveteis eves dover sar oby oil onclatotars eal Maa oake 0; 000) BO000)F3 vrts las coe caleik e e 55,000 
elehorssNev st... varvor seule 50,200] 50,200} 50,200} 57,000] 20,800) 36,400] 52,000] 52,000] 8,655,200 
BE se Gh daha eaascedsu he Ho aMBT Ge ~ uel vredieetdd as's, weeds Guin S leis aS the Tes ce 9,000\......4 2,000 
BEMCLONTAING 2p Se ORs sae csreteall eae lereecainaae coats ls eee ne eer ee 10,000} 10,002} 10,000} 10,000 40,000 
Ben Butler, g.s., Utah....... Bu sreiarall Tadeo evar eta} | cfatevarai ciel fave ta rover eizeit sr stax svevonel| cael estouacaul NHets eta 11,250} 6,250) 2,500 20,000 
PSOULOD RO OMe L's er NOW. once ead ooeak rca lio veel inten encsere yale cai ageless a oll ea reese Reece ae ue } 
Best & Belcher, s., Nev........... 75,600} 50,400) 50,400} 25,200} °75,600) 30, 240 40,320 
MAIOSUR ROM Oe CCH He NOMEN ca tii fore tes eva tescaalcoveevadseacsaliave ons oor lks aasteeee eau oben ak eal vane eee 
PI CHAM ACOL Des CAL tersvster ss syeiicca ene e a le meer oslo fecal oe ee Oe hhe oe 27,500 
BS LaV eID Il reo WI GEMING ot scores staaee overs SEMAN Scolar il a Mra ons drs Pascecloc stent eate, Lite | ae ae ra oem 500 
PELUL SAE V CLE sa OEM icra sei atartialeroseve baller’ ren teisie'|'s woeiaiahall Parvscceracel © arena eee | aeccee aed yd| tele 
wBoston a Cripple Oikos, COLON. ciicliwn seel cis coe |ax stony Casco ene ces PAVAU00) tceeercie 
Boirlcdert sega Cal a trey arses taicrs csiors tall enews Lai vinrdeas Past wedeee RoI eal oper laa tees 10,000} 3,000 
PBOUUMMEUNE C= Sy SODA, cratislorevsseie clad cee ooetecetlts ape er A Penckece Sarai anes eal Ate ea Gl ny 
Brunswick Con., g.s., Cal........ 20,000} 10,000} 20,000} 15,000) 30,000)....... 15,000 
Esuuchneerieary eo! Calbia: cise: ciatcacons arc's die fratenereanisaltcce rare karteall rete acolo ero eee BpsOU ees sca: 
BuCKe vies Sag Galt sie cecieleis coi ciasies|| cet inieie clin saaoul otsices 5 ROBO tec cateas 
DUALOLEL UIA DOV 525, WAS Din 4 elie ro cds ts ood ol setae acne gaa Sa ee a 
BWHONES. SNGVi. so sis cee aise sie ois vale 
Bunker Hill, g.s., Utah : 
Cadmus, g., ‘1 a eoeaieae 
Waledomiates: uNGVii65 55 os ctivte sieve 3, 285, 000 
California, Zs Calne cas ane che 21.500 
etapa Borex, ele clonic oo. Shi... sly tsi dohc, beste eed eae Cee O50 leek 13,000 
Galteornia Dredeings Cale. (<2. [s cs -o5|<gsccesdesscadblecomahctre eie le de B00 30,000 
California Mutual Oil, Cal........ Fidie gate fe ous tal isa de eaG poe odes ieee coolness 12,500 12,500 
Se pas CONG t's -deccoien, Aicls cian velar seeelcw eal wok de eL ao ie et | Dae 20,000 20.000 
Ceveararyeb ea bean es VV ERIN Feicisde sgl oars cosa erajscaitiaved OE Media | orate goo ears Seal Ee eee [eee oe ee 1,000 1,000 
WANEONGRIBCGR IP ry CAN dase iit nails soo tel Saseroe cafe ccakeath sated sao oean[anen pleas teen ade ae 25000 
GRO UTOM CALL Noe sccuy estos leimestotall ee, cieiediel| sane | ance aliat ke cliche ea [tmnt Nea es SRM eg tar 8,000 
Caribou Oil, Gai SRRMS  ebca sas oales cae elie Sb aMIe eI TE Coal ee Sot eee oe 16,000 24,000 
Carmelita Oil OAR eivevesioteiescrdisvect Hadteca; Sojsysell wie Siarst ae | arksaesci-cteil fie el ae eal ee Died eee ene 10,600 10,000 
We ON MAR FE osc its saceede [a ts telantce liv eaeieta | eed eae, Pee 2,000 2,000 
Chuan Orepke e NOR fo hice ccivbabsnc ln eke a eead eee ees ee DOOR <c5 cone Rakeca| acer ee 2000 
OCanpenniatwe!, Mies cea. ciewet cake bas Gai als Gees colo a OA 120,000 300, 000 270,000 |180,000 910,000 
Wenmalbitroka. gu Oali is... tisk eh ete ee 20,000 12, 000 i ae 32,000 
Santral Mammoth, P< Utaleec. cs). sca siasloecnstucss Sheleas Oe lic Sh elec Neen daae CRO Gi es ae 500 
Challenge Con., s., N OV. citiiinased 15,000) 50,000] 5,000) 7,500} 5,000} 10,000} 12, 5a, 22,! P00 5,000 469,500 
Century Ol, Cal. ..s......cie ecco: fe wis ¢ Hears rh SOR ca Stal Signa le hace tae amie ge 8,600} 17,200 


THE MINING STOCK EXCHANGES. 


ASSESSMENTS LEVIED BY MINING COMPANIES.—Continued. 


Name of Company. 1893. } 1894. | 1895. | 1896. | 1897. | 1898. | 1899. | 1900. 
Cerulean, g., Cal...... SRC LaM TECH omer Cet MSR acca Trees ec alaceaee gl eiee eg ett ee cee levee ies sjepefelezers 
Channel Bend, SOM aenad cued |e cece lee corse | eaceemcllvonsitaligeswees $2000 (sso osha 
Chicago & Mer GUT) iss Uae se ley ace slarencnalaatee tie ce sceelldederse|is vies ae DleOOO eee sas 
Ciiellar: 8. Newel e its nceone ut $61,600) $56,000] $56,000) $28,000 $44, 800} 50,400} 28.000)$39,200 
Christmas, 2.8., Utal.......ccscccfesecccs[ecencnsfecccecefecscccsfececerele sees 1,500} 3,000 
Church, g., Gal. Peete ei at at erp ste mE N oar hierar Sepual taeee aa ahaa fice, erase! eps aus sae ele > BS: 000 he see is cca 
Ginnabar King, g., Cal...... cee e}e cc ce cede se cscefscecccefececees ios OOO | Restscsreters lissatarsiets 
Clarissa, £.8., Utal.c... 0... cc0ce. |. cece e [vies sccc|scscceshesseess|accvenslsevicnes 5,000} 5,000 
Cleveland, @:; Utalacc cscs ccccvlevescou}sestsesfecdeacg is ee enies aes 2,000} 1,000}....... 
Clyde Oil, CesT teers ee ame at fete SO eve ee eee aac tl ceca almoweemn tetera Ah EGn Soc 
Columbia, ay cay Ulli or pele ine nicl jar toro ate) Umum tins {Cl isd (Or wir OU lsmbteisiniices cess 
Columbus Con., Pane G rl eterabriod Ganee a jeter 05) OUnati 1 jiuoedia|cauung (nao geod aGouun 2,000 
Comstock, g. s. 1. Utah ia ig deste Wi Ps eA Uvoh Lee ook aoa Reet acre eg re ga ll ava eva WoAeG| fo hans ow wieel ae ieroieravei|yer eb sist ogea 
@ontidences!. NGVicsnctedesosncehieer mee 6,240] 14,976] 7,488] 14,976] 13,728) 8.736) 9,984 
Conglomerate, FAG BLUNT heerado dl inst yo Gr iociidiic3 laos 00s [UO Ociad i ltdch fa aoa. 335 Oa NK 6,250 
Con’ Cal 8&2 Vas,6:. NOV. isis scas 6 220} 108,000|}$54,000}118,800 |108,000 | 108,000 | 108.000) 97,200 
Con. Imperial, Gr NBR Thi cheek Ges 5,000 500} 10,000) 10,000} 10,000 20.000 
Con. New York, s., Nev 25,000) 5,000}. 10,000) 5,000) 60,000} 30,000} 3,000)....... 
Con. St. Gothard, B. AT, Facies eh eee cecilia kote Sa beet ste 85,000} 15,000)....... 
Constellation, g., SHCA as oe stoc eee be Pea re Cruel ais ee tociroa NS | peR radeiclicaamlan etal baicke anes 2,250 
Gontra Costa’ Coaly Cale coe sisi. ee ciel|ors o.t%e oeilleiece's ce | vieie.e vje\|(o.e ola e/0\es|fa,e\etn'eelsilier0'e eere'e| eve.0. «01s 
Contra, Costar Oils Call. case cere site | ais vie cia ail crave, oles ell ecyierooie lll leievmio}enellis erate retei|awuelels ~ cehni|is?acelarelois [inveseze ail 
WGroma: Oily Caliseee os vc aie cialere oei|uuseraie crass loveiete ce ccif biacess olatellm ete lareresel [lesbo viv ofall evesp fovatotn|i¢-vin oraievall ove lnzelsians 
Grown Point: 8.;.NOV: nee. caicisiec. 80,000 20,000) 15,000 
Crusader Con., g.8.1., Utaly......). 0.0. c.f eee e cc ele see e elec ereec|eeraiene|seceecslocceens 5,000 
Waltons 27S.) Uva cc. tesa 3,750 B00) ovine 
Daylight, g.; Utah. .2........ccc st [eccec ede reccec|seseeeefereerecleeeveselesenesslocveene lee cis esis 
PSM On te) Oils Ga iesss we ce cccte oh feta a crciei ieee eo ninleiave ole egell ofelare)ceze'lie recat « i['ele o'e%e psaillevelwiesaieie/ ele ¥/4\ eee 
Deavills Dem Oils Call ca ccccced csc lee esos a oie cites, kel inreie 96 o'sili mre eye tern fove love’ ese/ei]emcereTr010je\[ia%e jo. wmtnl| oe ielnrenwie 
Dewey Gravel, g.8.1, Cal......... feces eee fe cence elec e eee elec eee elon ences lense eelenenens 10.000 
Dexter, £.S., NCV....0cccceeee cee fereeceefeceeeeefeceeesefereseeclenecese! BOON)... ..ste eee eee 
Diamond Con. Pe E AI OMEN Sh asigdo) escape 8,000). <i. ce 
Deane; bad OL EAe Heian antocddcn)ioncogad 51,000} 15,000 
Dublin, g., Ghee RNS ANE ee las fal MR Snel ah oacly aero ealp emcee [Marra 
IDILIWo Neen Ol Brgnobrdndonacpaded dleaacnae 22,500} 52,500 
Eagle, £., OTegon....... cee e cece efee cece cfeee cece [tees ee sfeveenecfeseeeee| 5,000). ......[eeee ees 
East Valeo, Bo, Utalr. ce. ccceccecclecccccsleceeceedescceeclecseece[esteeealeerencelereeseslece Sirs 
Ella Eldon, g., Ss. Dea oe eee a amas [tees ema lis arastenope ch aca See teelto SBMA a: wie eer ese l AiO eeoenetonfiecelelguaey 
El Rey, g., Dtabey 
Bligeige, WGA sista sciatiieste teins se fies 
Emerald, g.s., Utah 
Empire Oil, sie SE ar eee a gar ae 
Eureka Gon., s., Nev f 
Eureka Con. Drift, oie Cale see 25.4. eerie icsi| cre 9 siellitye cbreiailiecsreh stars 75,000} 5,000) 15,000) 17,500 
Eureka-Swansea Ext.,g.8.,Utah..].......fescee cfec cree peer eee fers eeele eee ferences 5,00! 
Hutonia sor, Utaltssrc ss cscteesils orc ciclel|(siniesicie oles visits lncisscerlices eats) resis, [are wens 9,000 
Pxcelsion Drift, 295 Cale: cscs vecle ccs cer | cc aslgie | iecciech oir | ere bidyeitl|'s rle's p> 667} 5,000} 2,00 
Exchange, g.S., Utah..........ecsfe cere elec ener fe eee e elec cece alert eseelee sence laces 1,000 
Exchequer, s., Nev........-....-. 15,000} 10,000 5,000 5000) 5,000 | ees os [iste occ 8,000 
Pall Greek, 9, Cali icc. ccc cess sel ocessecioneaneriucce ss s|ise nt cele vsacrsliacress tletengisiine rien yr 
LOE aS eet otc 0.) Bobonne deidestcal |aduoccn) de 0e0 4) cnoddbu] Gocco ecoduen lariogcen 2 B00 cee tees 
Father de ‘Smet, Bist Sy DAK ci ova|nensenclis cos teliar veces acm smear Ue tecliseseenel lee apdas 25,000 
Fish Springs, g., ikea Fee hea ind ee et eet Te Me SoU Ura pelle cer ce olecetyat 1,500 
Florence, £.8., Utaln..........ce cc [sce ceceeecesstloreceeeforceronlereceeslesseens HOS saHs 
Forlorn Hope, fs CL is penonopigan! jopobodl lotioncod |Eorr ody kp cuor st larotbe 20,000]... scccslecevees 
Four Aces, g.s., MCAT ra ee fee Con ree SAA eae la dinars 2,500} 2,500) 2,500} 17,500 
Free Coinage, g., Utah...........[eccecccbeccccee[eceeeesfeeeeecefeteeeeslesesneelerseee elec ce cns 
Fremont, g.s., Sie Rea Sis IG Bicigs clu ckis Seiticictorl lorirad tice] acickoniia| ieackenerertery  NuViOD it 2,500 
Frisco, g.s., Utah ee Pee ola oP etanalag mea eclPassae eens nanlaremone 2,000} 2,000 
Fullerton & sineet (6) TACO Bie ain loaititied (Groteica Oily n| jOnouabr| Co ouKOn Itcpolc ol [pan ucksn| mnobe sc 
Galata, 2. Calne cic dics cece cee csiense sbslaese cect orecoruil paced beleas sore 105000) 5 ccuiae baaneen 
Galomavc Witalicicccctcccat cnlare canbe cist ale wefieseenonle ters nt 10000) i :c%.< Ses Gate cs 
Galena Treasure, g.S.. S. Dak.....]...0.-[ececceefer sete ele r cre ee[eesecesleseeees 200 200 
Garden City, g.s., 8. Dak........ Jee eee efec eee fence reefer ee eee len eeeeefenscsnele cece 563 
Garibaldi, g.s., Cale eel oes ela arene lcbaseetledeetealineawnan 4,000 
Genevieve, B8., Utah. .ccccccecccfescssesfecrsorcferessss[eseoees[eceerce|sseceee| O,OO0/.1 254). 
Gerrymander, g.s., ea ea ee ed Sea Set oil eras et | ence 5,000 
Geyser, s.1., Colo nT ES ac pene escalate eae| 9 DOMOO0! 200; O00l i asaans 
Geyser-Marion, Pig, Wtaliir sti lesssebslesseies|testett|oesaseclecseeraleeesegalierrina ry 9,000 
Giant OiUGalss isc ceses cect es cece pecissiova/svi cece] mew ae essence oldie | ec cslee elas.ce eqn eieie« terailinjeler acts 
Gibraltar Com., g., Cal.......cscecfececee[eceseee feos eee c|eserserleseeeneles 
Golconda, £:9., N@Visccccccccweccelesssecsferercrefecscseelcscasclerecevelessavactsaseus 
Gold Coin (Gilpin (6/03) 00) (Sera ipiodec 6 jacniaden fedoctice | Iecccunry liorunce! frock seeks 10;000). ce. 
Golden Channel, g., Cal....... .cfececece feces eee ler secs fer eeeeslecneeeleceeees 8,000} 2,500 
Golden Eagle, g:s., ENG? ae ar Te [Rr uERe Deca Reena CBS ne tart (eaidsien leaceat 4,000}....... 
Golden King g., Cale ee OA LAS Our REA ed gee eal G a Gh 8,500 ecsaeel leone 
Golden Star, g.S., Cal... cc. sce cecfece cee efor cece foresee cde cence clase ereeleceeees 2,000} 1,509 
Gold Hill, g.S., Cal........... ce eefeecccee ler eeeen [eres sc cleesereeleseee ile csenneleceeees 25,000 
Gold Hill, g.8., Utah...... 0... ccf ce weed eee e ee efe cee ec sdececsea[escetelen savedeeee cen 500 
Gold Leaf, PAGE ANIC Ries peredbedenn loo demon) rou corse hiddaoes Kiidts sa] iooccrs ert ters LOO Syesees 
Gold & Silver Garb. SOrs5,, WtasMs s.|os eicisse lle tee tollecieriealas cae tulline asicic [arturo mire R500) seas 
Goleta, Cone Olivos cetcss sete cclte tes halccrs ce eessctenbeavarsg|eestaer|bece say lecaisess 63,000 
Gorton. gs. UtAN. .focetsceccis{.ccestp Peas bide [ Peete ap |easeaes[aeseeerlasceeca|ea sats 2,500) 
Good Hope, g., Utah........... 2. fee ec ce efec ee ce efe reer eden esc eeler eens clan eenesleene erate eee ees 


eeeeeee 


eee wees 


eee eeee 


801 


Total 


Levied. 


$5,000 
2,000 


2.000 
2,187,200 
4,500 
3,000 
1,000 
10,000 
3,000 
5,000 

750 

2,000 
20,000 
568,830 
6,250 
883.200 
2,240,000 


THE MINERAL INDUSTRY. 


ASSESSMENTS LEVIED BY MINING COMPANIES.—Continued. 


Total 


Name of Company. 1893. 1896. | 1897. | 1898. | 1899. | 1900, Tevica 


Good Title, g., Cal $20,000 
Gould Central Oil, Cal t 5,000 
Gould Oil, Cal ; 25,000 
Gould & Curry, s., N 4,786, 450 
Grand Prize Oil, Cal 20,000 
Granite Hill, g.s., Cal 5 . 3,000 
Grape Vine Canyon, g.s., Cal ( 34,000 
Great Bonanza, g.s., Utah : 000 5,0C0 
Great Eastern, g.s., Utah 4,500 
Great Western, q., Cal 5, 0 . 75,520 
Grizzly, g.s., Cal 5 is : 6,500 
Hale & Norcross, s., Nev 00} 5,751,080 
Hanford-Fresno Oil, Cal.......... * 24,140 
Hanford-Sanger Oil, Cal.......... g 6,000 
Head Center Con., g.s.c., Ariz 5,125 25,125 
Hercules, g.s., Utah 00 20,000 
Hester A., g.s.,5. Dak 3,000 
Highland.) 2's) Uitahs sce ecw estas: BAD Hon omer Ol 8,000 
Highland( Leadville), g.s.,Colo.... 25, 125,000 
Hilda Gravel, g.s., Cal é 4,000 
Hillside, g.s., Utah | 5 1,500 
Himalaya, g.s., Utah 5,000 
Homer osc Owl nrc esc hee sess Pe 13,000 
Homestake, g.s., Utah .000 12,000 
Horn Silver Tunnel, g.s., Utab.... 1,000 
Horsefly, g., Cal ; 18,000 
Horseshoe Bar Con., g.s., Cal y 87.600 
Humboldt, g.s., Cal 0, 2,000 
Imperial Oil, Cal 2,000 
Imyo Marble, Cal eis 17,000 
Independence, g.s., Utah 15,000 
Independent, g., Cal wieseietad 10.000 
Ingot, g.s.l., Utah 10,000 
International, g.s., Utah.......... 3 1.500 
Jefferson, g.c., Utah 50 3,250 
Jennie Lind, g.s., Cal 8,000 11,000 
Joe Bowers, g.s.. Utah 21,000 85,000 
Joe Kowers Ext., g.s., Utah 40.500 
Julia Con., s., Nev 1,501,800 
Jumbo, g.s., Utah 500 
Junction, g.s., Cal 50 } 16,500 
Jupiter Gravel, g., Cal : : 000 80,000 
Justice, s., Nev 3,704,500 
Karan, g., Cal 500 2,500 
Karl Brown Oil, Cal 15,000 
Kate Hayes, g.s., Cal 70,000 
Kentuck, g., Utah 30,000 
Kentuck Con., s., Nev..........+- f i sald 128,450 
Kern River Oil, Cal ; 40.006 
Kern Sunset Oil, Cal } 2,000 
Kings County Oil, Cal 6,900 
Lady Washington, s., Nev E 163,200 
Ha Gvange; ps, Calaiisientsese'eles sliacs haters 15,000 
Laird, g., Cal c 10,000 
Larkin, g.s., Cal 2, i ¥ 28,000 
La Suerte, g.s., Cal f TE 27,500 
Leon, g., Cal 1,500 
Linda Vista Oil, Cal.... 11,460 
Lion Con., g.s., Utah 1,000 
Little Bell, g., Utah F 37,500 
Little Chief, g.s., Utah........ Rael Ate 86,000 
Little Pittsburg, g.s., Utah : 23,000 
Live Oak Con., g.s., Cal A 40,000 
Live Yankee, g.s., Cal ) (0, 7,050 
Lombard, g.c., Utah . ; 1,250 
Louis, S., g., Utah 10,000 
Lower Mammoth, g.s., Utah ay 42,500 
Lucky Bill, g.s., Utah } 73,000 
Lulah Con., g.s., Utah 1,500 
Mammoth Garfield, g.s., Cal ! - 17.500 
Maple Creek, g., Cal........... as 10.000 
Maple, g.s., Utah sae 8,000 
Marguerite, g.s., Cal 5 85.000 
Marina Marsicano, g.s., Cal ¢ 62,360 
Mariposa Com’l&M’g,g.s.,Cal 0, 210,000 
Martha Washington, g.s.,Utah.... ‘ 24,000 
Martin White, s., Nev P 1,200,000 
Maxfield, g.s., Utah 3, 9, 24,000 
Mayday, g.s., Cal E 5,6 22,500 
Mayday, g.s., Utah : 4,000 
Mayflower Gravel, g.s., Cal j Hee } 19,500 
Mayflower, g.s., Utah : f 7,000 
Mazeppa, g.s., C De 5,000 
McKittrick, Con., Oil, Cal 80,500 


THE MINING STOCK EXCHANGES. 


ASSESSMENTS LEVIED BY MINING COMPANIE: Continued. 


Name of Company. 


Mekattrick Os Gali. (ce scceranes 
Melcher, g.s., Utah............... 
Merrimac, g., Cal....... BOCA COE. 
Meteor, 9:8). Wtalie. ces ece cea 
IMGRICAN |S. 5ANOV osis:c 5 oc:0 cess. sites 
Midland: os -Utalaic iii mene 
Midnight Bowers, g.s., Utah..... 
Minnehaha Oil; Cal............... 
MoniGan? ox \Calicicattiasncacloaeres. 
Molly Bawn, g.s., Utah........... 
Montecitosee:, Calin. ns vce. ess 
Montreal, g.s., Utah.............. 
Mooney Con., g.s., Cal............ 
Morpany 227 Cal inion «cist sistctaive ne 
Mountaineer, g.s., Cal...........- 
Mountain View, g., Cal........... 
Mt; Blane: @on.,e:, Cal... ass 
Mt- Diablo: Ou Caleirccs vist ceccsisec 
Nancy Hanks, g., Cal......... eet 
Nashvillee., Calvin. .ceeccces 
National Con., g.s., Cal........... 
INBVAIOs) GSU tale. ao. cme cel cenies 
NG WEA: Sic NOV steiac sine tieiels wiateres 0 
New Century Oil, Cal............ 
New Erie, g.s., Utah.............. 
New Imperial, g.s., Utah......... 
New Klondike, g.s., Utah......... 
New La Plata, g.s., S. Dak........ 
New Southern Cross, g., Mont.... 
New State, g.c., Utah....... : 

Nineteen Oil, Cal.........0.esceees 
North Bloomfield,: g., Cal 
North Bonanza, s:, Nev........... 
North Gould & Curry,s., Nev..... 
North Mercur, g., Utah........... 
North Rapidan, s., Nev........... 
Northern Light, g.s., Utah........ 


eee 


Northern Spy, g.s., Utah......... : 


Nugget Placer, g., Cal............ 
Occidental Con.,s., Nev.......... 
Okanogan, :2),. Washes. cvicceccesss 
Old Bonanza, g.s., Cal............ 
Old Colony &Eureka,g.s.,Utah.... 
OMGFHOMO, GS-1 Caliei. visecteis e's sree 
Old Susan, g.s., Utah........ Sate 
Omaha Con., g.s., Cal 
Omaha, 228.5 Uta wcicisiot.cis scw'eis ore 
Opn Ss NOV cee seg care tices 
Opohonga, g.s., Utah............. 
Orient ois Oalincccsccs seclnee net 
Orient, g;. Utabe. v.06. ecm ce tas 
Orleans, g.S., Cal......0...6+2.-2- 
Oro Quartz, g.s., Cal .........008 
Osceola Con., g.s., Cal....... .-. 
Overman; 6), NOVei tise dees cece 
Pacific, g.s., Utah...........+0.0 
Park City & Mid. Sun, Utah...... 
Peabody, g.s., Cal............5655 
Petroleum Center Oil, Cal 
Phoenix, g.s., Utah........ At 
Picnic, g-8., Utah.......ceceesse- 
POGOST, Se INOV as viele si einresloivie's vices si 
Powning, g.S., Cal.......seeeeeeee 
Prior Hill, g.s., S. Dak.,.......+++ 
Prosperity Oil, Cal............065- 
Providence, g., Cal..........+ee0 
Provident Oil, Cal.......sesseeees 
Queen Esther Oil, Cal........+++. 
Quincy, g., Cal......se-seeesevees 
Raven Oil @alcssins cae vaccems ace 
Raymond, g., Utah 
Red Bank Oil, Cal........6+...0: 
Red Cap, g., Cal......... 
Reddick, g.s., Cal.....ssssseeeeees 
Red Jacket, s.. Nev 
R. G. W., g.s., Utah 
Rescue Gold, Nev.......-eeeeeee-s 
Revenue, g.s., Utah..........s008- 
Reward, g.s., Cal... ...ccecssesees 
Rich Bar Gravel, g.s., Cal.......- 
Richmondors Cale Wexccs cesses 
Ridge & Valley, g.s., Utah....... 
Roberts Oil, Cal... ......eeeeeees 
Rockland, g., Cal......ssssessoree 


1893. 


1894. 


eee eee 


sete 


ve oeeee 


1895. 


1896. 


1897. 


1898. 


1899. 


1900, 


1901, 


803 


Total 
Levied. 


$20,000 
3,734 
40,320 


10,000 
15,000 


8,000 
10,000 


Rett tes etme $15,000 


$2,000 


1,250 


$4,999 


2,997 


1,980 


25,200] 45,360] 50,400 


39.200 
2,500 


4,500 
3.200 


ee eeeee 


3,000 
1,000 


eee eeee 


see eeee 


1,250 
10,000 


10,000 


20,000 


ee eeene 


$15,000 
3.250 
20,000 
13.690 
2,409,920 
3.000 
2.000 
10,000 
10,000 
1,000 
10,000 
30.625 
20,000 
10.000 
40,000 
15,000 
1,250 
60,000 
5,000 
2,000 
78,685 
2'500 
10,000 


THE MINERAL INDUSTRY. 


ASSESSMENTS LEVIED BY MINING COMPANIES.—Concluded. 


{ 


| | 
Name of Company. 1898. | 900. | 1901. 


Total 
Levied. 


Rose Creek, g.s., Cal $5,000} $5,00 $10,000 
Ruby Hill, g.s., Utah | 1,600 
Sacramento, g.s., Utah } ) 3,100 
Sailor Con., g.s., Cal 20,000 
Salmon River, s., Nev 42i 
Salt Lake & Nev., g.s., Utah.,.... 
Santa Rosalia, q., Mex............ 
Savage, s., Nev $67,200 
Scorpion, s., Nev 

Sea Breeze Oil, Cal 

Sea Swan, g., Utah 

Seg. Belch. & Mides, s., Nev.:.... 
Sharp. g., Utah : ees 5.000 
Shasta Oil, Cal 20,000 
Sheba, g.s., Cal 10,000 

Sheep Rock, g.s., Utah 52,500 
ShoebridgeBonanza,g.s.,Utah.... -| 3,200 
Shower Con., g.s., U 2,000 34, 
Sierra Nevada, s., Nev if 0 45,000 6,851,910 
Silver Bell, s.. Mont 5 
Silver Bow, g.s., Utah 

Silver Cloud, g.s., Utah 

Silver Hill, s., Nev 

Silver King, g.s., Ariz 

Silver Park, g.s., Utah 

Silver Queen, g.s., Utah 
Silver State, g.s., Utah 
Siskiyou Con., g.s., Cal 
Skagit Cumb. Coal, Wash 
Skylark, c., Utah 

Snow Flake, g.s., Utah 
Sonora Quartz, g.s., Mex 
South Bingham, g.s., Utah 
South Eureka, g.s., Cal 
South Fork Con., g.s., Utah 
South Paloma, g.s., Cal..... A 
South Sliger, g.. Cal 

Spanish Bar, g.s., Cal 

Star, g.s., Utah 

Sterling, g.. Cal 

Success, g.s., Utah 

Sunbeam Con., g.s., Utah 
Sweet Vengeance, g.s., Cal 
Tanama, g.s., Cal 

Tesora, g.s., Utah 

Tetro, g.s., Utah 

Texas, g.s., Cal 

FROPPO.2 8.4. CA) ss cies oe edi ateate cuptatccall BasPeRcGyiee 
Tintic, g.s, Utah 

Tomboy, g., Utah 

Tracy, g.s., Cal 

Troy, g.s., Alaska 
Tuscarora Chief, g.s., Utah 
Ukiah Oil, Cal 

Union Con., s., Nev 5, h Bs 2,715,000 
United Sunbeam, g., Utah........ 80,000 
U.S. Grant, g.s., S. Dak 4,500 
Utah Con., s., N' ; 5 520,000 
, 20,000 
Vallejo, q. 4,000 
Valley View Oil, Cal 17,500 
Vernon Oil, Cal 5 25.000 
Victor, g.s., Utah aa ? 5, p 26,000 
Victoria, g.s., Utah es 4,000 
Victory, g.s., S. Dak ; } 2.825 
Wasatch, Utah 5,000 6,000 
Washington Con., g.s., Wash 2,000 
Washington Oil, Cal : 7,000 
Watt Blue Gravel, g.s., Cal ak 58,000 
Wellington Oil, Cal 70,000 
West Argent, Utah f 10,000 
10,000 
7,250 
11,750 
10,000 


: 25,000 
Yankee Con., g.s., Utah is i 17,500 


Yankee Girl, g.s., Utah 000 5,000 
Yellow Jacket, s., Nev ¢ : 3 5,904,900 
Young America, g.s., Utah ailteces (00 8,000 
Yuba Con., g., Cal 47,500 
Zacca Lake Oil, Cal 1,875 
Zuba, g., Cal ; 5,000 


Se ea 
c., copper; g., gold; i., iron; 1, lead; q., quicksilver; s., silver; z.. zinc. 


AUSTRALASIA. 


TuE most important articles of mineral production in the seven colonies of 
Australasia are gold, silver, lead, copper, tin, iron and coal. These industries 
are referred to specifically under the respective captions elsewhere in this volume. 
The statistics of production, imports and exports as reported in the official sta- 
tistics are summarized in the following tables: 


Year. | Alunite. Srncgetng | Bismuth. |Chrome Ore wee : Gaal: oot Gace 
1896.... /1,398) $20,580 135} $9,177 41} $2,450} 3,913)$56,400} 35 $345|3,972,0681$5,627,405 Raitt eecerets 26,773) $109,255 
1897... A 736) 10,860) 172 18,060) 31 4,000] 8,433] 51,3845]....]...... 14,453,729] 6,150,205|...)..... 65,229] 226,91 
1898.... 2,988) 44,115) 84 4,580) 30 23,075] 2,145] 31,505) 15 160/4,781,551| 6,359,163)119} 2,800) 83,538] 824,674 
1899....| 985) 13,815} 332] 13,470) 16 16,775] 5,827] 87,080} 27 330) 4,670,580 6,628,995) 193] 4,495) 98,074| 385,650 
1900.... |1,946| 28,725} 252 12,145] 11) 28,200 3,388] 59,1385) 29 545\5,595,879| 8,844,555/145) 7,950 128,238) 548,100 

| ( | | 


Lead, Argentiferous. 


Copper Copper Ore 


Year. lus. Gold—Kg. Iron. (6) {Iron Oxide 
nee rare ee Metal| Ore. | Value. 
1896....| 4,524 |$1,001,180 15 | R375 | 9,221-2 | $5,366,800)4,798| $166,415} 381)$4,005) 19,886}271,640) $8,794,665 


4,255 | 9,088°9 | 5,442,065|3,291| 109,310} 284) 2,680) 18,895)275,249) 8,407,640 
1898....) 5,744 | 1,400,240 181 4,195 | 10,5904 | 6,223,649/5,283) 211,250 398) 4,160] 10,270|394,676) 8,223,885 
1899....| 4,715 | 1,650,600 | 1,358 | 848,470 15,4383 | 8,'759,075|6,604| 277,500) 402) 4,280) 20,614/431,126 9,968,720 
1900....| 5,712 | 1,975,515 | 1,494 164,665 | 10,801°6 | 5,972,605)7,101| 305,420) 318) 3,430) 19,400/426,480 12,569,370 


1897....| 6,864 | 1,499,145 169 


Man- : Stone. 
Year. Lead, Pig. ganese Opal—Kg. P a Shae. Silver—Ke. 

Ore 8: ue Limestone Flux 

£ ero 3 —— = es Se ee 
1896.... 24) $1,295) .. ew 630-4 | $125,000 15:8 $17,395|32,3481$171,010) 6,3807| $132,590) 90,346 | $271,305 
1897... 32|  11990| .. | ....|2400°4| 475,000 | 61-2 | 14,745]34,635| 203,060) 4,666) 83,555) 68,671 | 208,990 
1898.... 1,745| 96,410) 1 | $25)...... 400,000 38°9 | 10,310|30,164| 159,170} 16,580) 296,390) 9,401 28,915 
1899....|(d) 4,896] 498,945] Nil|.....|... ..~ | 675,000 | 19°8 | 5,350/37,307| 204,115) 21,525) 384,565) 1,016 3,750 
1900....|(d@) 6,807| 695,780) 18 | PHO esonn | 400,000 | 15.6 | 5,035|23,229| 108,260] 24,080} 451,215) 17,273 19,810 
2 : . é Sundry | 
Year. Tin, Ingot. Tin Ore. Zinc Ore. | Minerals (a) From the Annual Report of the Depart- - 
; ment of Mines and Agriculture, New South 


__.....| 4.620 || Wales. (6) Manufactured from old iron. (c) In 
2'800| 29,303/$118,440| 37,160 addition to the above there is a small output of 


1896....| 1,737} $496,060) og 

1 5 39.564| 144.705} 10,105 | diamonds, which amounted to 56,352 carats 
5 
5 


1897....| 1,159 350,640 
1898....} 908 302,825 
1899....| 835) 490,690 


E 1,450|50,677 246 035 24,850 | ($156,965) for the ten years preceding 1898. (d) 
1900....| 915) 600,160} 1 


4°500|20.504| 220,930) 555,245 Includes carbonate and chloride. 
+] | | ; 
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THK MINERAL INDUSTRY. 


MINERAL IMPORTS OF NEW SOUTH WALES. (@) (IN METRIC TONS AND DOLLARS; £1— $5.) 


Copper. 
Brass. ; 
Year. | (Yellow Cement—Barrels. | Chrome Ore. Coal. Coke. In Matte and 

Metal.) Regulus. 
1896..../ $92,805 | 126,242 | $239,025 | 5,587 /¢109,920] 807 | $4,870 | 43,824 | $675,585 98 $19,380 
1897... 69,290 184,831 403,210 | 2,731 49,240 | 1,755 6,065 | 33,970 511,980 42 8,680 
1898... 102,250 183,851 418,580 | 4,780 82,770 666 2,985 4,064 LoS aes ba cael ee ptr ce 
1899:;.°, 142,945 247,393 622,245 | 4,009 63,380 | 2,453 6,520 433 8,020 91 16,755 
1900... 194,500 177,076 $55,455 279 4,125 | 2,748 | 20,205 516 10,750 22 be 1,275 
Copper—Continued. Gold. Tron and Steel. 
Year. Rod, Sheet, : Bullion ; Manufactures. 
Ingot Ore. and Wire. Coin and Ores. Pig. Ore. (c) 
eee me poe 
1896..../ 5] $1,085] 315 )$12,875) $27,895 | $2,407,100 | $9,943,755 | $,195/$124,255| 108] $555] 67,978) $3,626,075 
1897.. 6} 1,585/1,401} 92,440 96,445 5,749,095 10,328,540 | 16,256] 269,470 | 1,298] 8,095| 71,469 3,904,105 
1898....} 3] 1,000]1,018] 40,245 61,635 18,323,980 9,779,270 | 12,081} 189,885 | 2,688] 8,525] 65,140 3,621,285 
1899....| 43} 11,560]9,209] 346,500] 135,370 3,510,800 | 12,908,555 | 9,153) 168,395 | 4,205) 14,615] 89,957 5,224,515 
1900...:| 35} 12,400]7,076}366,470 239,605 7,212,835 12,729,040 | 33,280} 333,180 | 6,350} 20,545} 86,888 6,203,885 
{ 
leet a £ Petroleum, Potassium | Quicksilver 
Year Pipe, Sheet Nickel Ore. Refined. Salts. Flasks. =. 
Pig. and Old. Liters. Nitrate. | 
ee ae { am | 
1896.. 7,440 | $362,720 268 $19,720 3 $120 9,538,367 |$438,375 | 162 $19,905' 261 | $9,250 
1897....| 5,281 289,590 303 20,235 203 5,000 | 11,027,291 | 492,275 | 176 18,455; 470 | 12,255 
1898....| 2,379 135,330 49 3,685 tt 7,575 | 13,728,963 | 563,690 | 181 17,170, 469 | = 17,005 
1899....| 1,963 125,580 % 6,145 (O) ews mers 17,335,661 | 888,255 | 114 11,115; . 898 | 17,010 
1900....} 5,787 | 444,560 | 29 3,705 | 508 | 10,300 | 16,897,928 | 907,900 | 122 | 18,565 288 | 10,495 
- Salt. Silver. Slate. 
Year. | Brine. : | 
Rock. Bags. Coin Ingot—Kg. | In Matte—Kg. Ore. Roofing— Number 
Kain orcas ee S aee 
1896....| 7,275) $39,825) 25,784| $207,560} $49,000 | 180 $8,200 3,958 | $79,245 |15,073 | $672,770 | 2,219,681 | $90,595 
1897....| 4,654) 34,110/36,722; 261,230} 181,680 | 288 | 5,060 1,928 | 35,500 | 1,288 38,680 | 1,908,475 | 78,990 
1898....| 8,647) 59,220/30,991] 217,115] 286,010 | 267 | 4,980 |.......|........ 964 37,625 | 1,893,871 | 90,240 
1899....| 7,987] 46,430/34,5387| 281,740] 354,185 | 299 5,975 | 1,045 18,715 | 3,070 95,045 | 2,885,637 | 113,690 
1900.. 3,662} 23,120/28,305) 210,790} 810,480 | 342 | 6,955 | 132 2,370 | 1,880 83,445 | 2,850,980 | 96,025 
Slate—Cont d. Sodium Salts. Stone, 
Year. Slabs. : Carbonate. Carbonate. Hydrate. Excepting 
Number. Bicarbonate. (Crude.) (Crystals.) (Caustic.) Marble. 
1896... 3,602 | $11,675 611 $25,080 1,749 $60,300 745 | $18,305 | 1,010 $48,465 $40,925 
1897... 2,605 8,575 788 31,395 1,452 50,583 495 7,940 | 1,218 66,900 27,065 
1898... 3,482 12,430 | 953 86,495 1,469 38,905 468 13,440 | 1,241 63,225 80,235 
1899... 5,307 18,135 | 1,200 39,080 1,716 42,525 566 19,375 | 1,209 61,680 31,065 
1900. ..-} 10,176 | 20,280 | 979 | 82,475 | 1,841 | 89,755 | 185 | 5,180 | 1,492 | 81,765 | _ 46,520 
ety See, iy Tin. Zine. 
Year. | Sulphur. { 3 
Ingot. Ore. Plates. Slabs. pad, eae 
1896. ..... 1,3301g29, 235 910 $265,505 1,073 $169,875 $353,345 1,416 | $116,115 368 $35,500 
1897... ./2,287| 33,955 693 205,135 * 662 104,510 200,350 1,341 122,815 561 58,010 
1898... .|1,845) 26,960 478 161,245 554 92,665 373,960 1,220 122,325 377 43,905 
1899... .|1,575] 23,575 681 896,095 868 262,455 258,035 724 90,720 225 | 35,005 
1900... .12,208] 56,510) 299 195,205 741 | 54,710 | 643,940 | 1,084 | 122,825 | 514 | 73,000 


(a) From the New South Wales Statistical Register. 


were imports of manufactures for which no weights are 
and in 1900, $96,205. 


(6) Not stated in the reports. (c) In addition there 


stated; in 1897, $68,495; 1898, $136,640; 1899, $86,690 


MINERAL EXPORTS OF NEW SOUTH WALES.(@) (€) (IN METRIC TONS AND DOLLARS; £1 == $9. ) 


Antimony. i | 
Year. arate o Soe Ae Chrome Ore. Coal. Cobalt Ore. 
Ore. |Auriferous.| Metal. : | é 
1896..) 87! $2,810} 25] $3,160} 23 | $3,200 45-013, 350 38, 987 | $74,650) 9,465) $145,165 |2,514,506| $4,501 820] 284} ¢9,750 
1897..} 49} 2,510) 21] 1,500/102 | 14,050 d3'3| 4,150'15,272) 89,185) 5,959) 101,820|2,739,769) 4,760,270] 73| 2.500 
1898..| 57} 2,150} 18 795) 13 | 1,570 | 31°5/28,775 16,801) 45,420) 6,924) 122,775|2,836,465) 4'813°340] 184 4,450 
1899. ./314) 11,820} 18) 1,650} 1 20 cae 12,297) 36,030/ 9,795) 167,930/2,848,310) 5,028,970] 347 | 11,095 
1900. .|258} 12,680! (c)|....... 1 175 | 73) 9,785, 9,987] 26,680] 3,618 63,635)3,424,366) 6,365,170} 148| 8,000 
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Copper. | Gold. 
Year Coke. | _ Rod, 
Ingot. In Matte. | Ore. Sheet, Ore, Coin. 


1896....] 5,521 $22,615 4,026 | $904,540 595 | $117,595 15 | $875 $8,000 | $488,425 | $18,014,930 


1897....] 32,221 135,225 4,126 964,880 | 2,778 549,440 | 169 | 4,255 5,770 282,040 21,738,235 
1898....] 31,284 125,330 | 5,285 1,285,715 460 114,765 | 181 4,195 12,950 227,410 32,645,300 
1899....] 43,706 181,980 5,532 1,936,700 | 1,163 397,660 | 482 | 17,710 21,245 18,970 17,446,430 
1900....| 75,598 802,755 6,771 2,341,985 626 129,195 | 867 | 35,470 13,885 19,705 26,949,110 
Gold—Continued. | Tron and Steel. Lead. 
Year. | : ia Ras | Manufac- ; Pipe and | : Nickel Ore. 
| Bullion—Kg. Pig Iron. | tures. (b) | Pig. Sheet. | Argentiferous. 
| f - { es ie ie es i o | | i | 
1896....| 2,576 | $1,417,520 |1,470 |$26,350 17,289|$1,039,375| 3,150 $167,425 750| $52,585) 19,897|$3,974, 885 (G)sieenaiees 
1897... .|-3,295 2,043,690 [1,183 | 22,495/19,515| 1,297,320) 2,100) 119,395 /1,043) 77,725) 18,395 3,227,385] 203 | $4,900 
1898... .| 3,826 2,022,925 |1,294 | 31,060}15,454| 1,021,015 3,367 191,210) -707) 57,945/10,271| 1,605,680) 785 9,800 
1899....] 7,909 | 4,624,655 | 639 | 12,785]16,550! 1,176,695| 4,865 383,235) 1,339/125,160|20,582| 2,023,640) 71 840 
1900....} 8,930 } 2,302,390 | 885 | 22,125|18,269| 1,415,415) 7,362) 57B,415)1,420|136,525)18,277] 1,794,820] (c) |........ 
Salt. | Silver. Sodium Salts. 
Year. | | - Car 
Rock. Brine—Bags. | Coin. | In Matte—Kg. | Ore. Bicarbonate. pene 


1896... .|457 $3,605] 2,820 | $92,400 $66,450] 7,550 | $152,960 | 284,524 
1897....|330| 3,065} 4,752 | 58,380 

1898... ./438| 3,635] 5,166 | 60.445 
1899..../315| 2.520} 5.491 | 59,935 


| 
| $5,447,925 | 39 | $1,790 | 207 | $7,010 
99,545| 2,454 | 41,860 | 275,807 | 5,205,525 | 61 | 2,795 | 117 | 4,010 
149,360} 8,794 | 152,655 | 396,057 | 6,684,955 | 124 | 5,580 | 285 |. 9,595 
312,475] 17,583 | 312,665 432,520 | 7,901,180 | 105 | 3,915 | 189 | 4,145 


1900... .|392| 3,600! 2,904 | 30,595] 303,590) 27,887 | 519,500 | 428,615 | 10,816,160 | 117 | 4,215 | 217 | 6,640 
Sodium Salts—Continued. | ee Tin. 
Year) )| ape qeapeec os be Stone, Sulphur: «|r Wp a | | 
Hydrate. a Acid. | : 
(Caustic.) Nitrate. | Ingot. | Ore. Plate. 
eee | | 2 
1896....| 148 | $7,545 | 17 $790 $7,015 | 139 | $4,240) 100} $5,535) 2,646) $763,595) 99) $14,525 | $79,100 
1897....|, 90 4,660 6 5,730 3,545 382 | 1,800] 52 3,495) 1,837 | 556,345 | 143 2,800 | 78,205 
1898....| 132 6.530 | 42 4,365 8,505 388 | 1,565] 24 1,390} 1,884 481,925; 1 1% 55,040 
1899....]. 297 12,725 | 387 1,840 5,575 | 102) 4,175} 438 2,460] 1,876 | 1,108,735 q 2,225 | 141,560 
1900....) 191 11,490 } 20 2,300 7,040 99 | 4,215 | 538 3,750) 1,777 | 1,159,085) 15 4,500 | 122,770 


(a) From the New South Wales Statistical Register. (b)Values including those of manufactures for 
which no quantity is stated, as follows: In 1896, $17,970; 1897, $9,125; 1898, $14,445; 1899, $13,150 and in 1900, 
$9,810. (c) Not stated in the reports. (d) Probably bismuth metal. (e) There was also exported from N. 8. W. 
in 1897, iron oxide: 246 metric tons, $2,830, and iron ore, 5 metric tons, $35. 


MINERAL PRODUCTION OF NEW ZEALAND. (@)(b) (IN METRIC TONS AND DOLLARS; £1=— $5.) 


Year. ae RORY, Coal. Coke. Gold—Kg. M ay ace 
| 
18962 Ssh sions he | 21 $2,250 805,537 $2,143,240 107 $1,315 | 8,202 | $5,207,140 66 $1,025 
TBO asics wees sok | 10 785 854,164 2,259,575 iY Soh cea Pa 7,827 4,901,020} 183 2,705 
VSOBS Sarees 3 TNH [aa ee ak 921,546 2,878,655 (|| ease eae 8,714 5,403,445 | 220 3,515 
DS OO eect tae weratets [ING acl mea rears --| 990,838 2,488,085 18 45 | 12,117 7,565,865 | 187 2,085 
TOQOO Ss csts otecscatoe 3 505 1,111,860 2,734,975 oF AO) Figen Wane ths AR | 11,675 7,198,010} 166 2,940 


MINERAL PRODUCTION—Continued. MINERAL IMPORTS. (¢) (IN METRIC TONS; £1—§5.) 


Y | Mixed Ores Sil K Coal Machi Railway scot i ad 
ag | Unspecified. sels one uaeas Materials. ante: 
1806S to sat atte: | 38 | $6,675 | 2,933 $52,945 103,384 | $470,690 | $1,417,200 $163,270 $350,690 
TSO Garnier laeets | 1,586 | 29,460} 5,716 104,360 112,681 490,695 2,005,265 682,855 450,905 
j toil |aaptrees weiner aaa | 1,857 | 23,960 | 9,140 165,535 117,274 526,115 2,849,315 499,985 555,755 
BOO steetci ates | 1,880 | 82,945 | 10,866 204,190 101,259 464,075 2,267,075 636,820 465,100 
1900 asigetorrass | 2,126 | 63,755 | 10,202 260,360 || 126,059 602,030 2,936,830 1,007,960 645,385 
| \ ‘ 


(a) From New Zealand Mines Statements, by the Hon. A. J. Cadman, Minister of Mines, Wellington. (6)The 
experts are stated to be identical with the production, except in the case of coal, of which substance the exports 
were as follows: In 1896, 80,796 tons, value, $359,920; in 1897, 77,280 tons,value, $347,975; in 1898, 57,388 tons, 
value, $251,905 ; in 1899, 90,912 tons, value, $415,425; in 1900, 116,216 tons, value, $497,870. (c) From British 
Statistical Abstracts. 
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THE MINERAL INDUSTRY. 


MINERAL PRODUCTION OF QUEENSLAND. (4) (IN METRIC TONS AND DOLLARS; £1 $5.) 


Antimony 
Ore. 


Bismuth 
Ore. 


| 
60) $16,290 
) 


7,332 
34 Lae 
3,500) 414,461| 
2.470) 501,913 
9,325| 505,252 


Coal. 


Copper | 
Ore. 


| Gems. 


Go Re: 


Manganese 


Lead. Ore. 


328,287, $662, 650\441| $65, 485 $29,575 


774 935/589) 105,210) 

699,445 | 293 63, 225) 
752,465| 63} 10, 880! 
878. 575)164) 47,490, 
868,525|386) 115 ,200| 


19,647 git, 054,435 
119 3917{ 11,206,737 
25, 129; 12 765, 705) 
\28,616| 13,751.745 
29, 451) 14,190,595 
30,099) 14,359,545} 


} 
(C) 
(c) 
(c) 
(c) 

4,500 


Silver Ore. 


Silver—Kg. 


Stone. | 
Building. (b) 


Tin Ore. 


369 leis.170 
628 | 30,900 
391 | 20,585 
252| 12,400 
BY es 650 
207) 16, 795 


361 
805 
403 
68 
747 
77 


$5,515 
4,500 
7,530 
1,255 
14.155 
1,025 


Tungsten Ore 


” | $10,060 | 6,999 
8,687 
7,280 
3,235 
4.521 
3,514 


$150,210 
160,810 
125,590 
52,925 
78.355 
63,560 


$340,665 
245,090 
187,545 
182510 
386.510 
370,205 


25 
3 
13 
79 
263 
193 


52,206 2,148 
(ec C) 1,579 


(c) 
164,939} 112,320 
152,484; 107,585} 


i 822 
1,133 


MINERAL IMPORTS OF SUE EEE (ad) on METRIC TONS AND DOLLARS; as 


Cement antl Plaster of 


Glass eid 
Paris—Barrels. 


Glassware. Gold Bullion—Kg. 


| 
. $33,375 
108,405 
91,490 
115,625 
172,260 
49,645 


47,244 
68,607 
65,230 
56,441 
86,986 
70,217 


$116,620 
163,860 
159,375 
143, 425 
233, 735 
183,595 


$147,615 56°3 
176,330 189°2 
103,060 176°9 
217,015 198°0 
164,395 306°4 
295,470 81:0 


150,315 


Tron and Steel. 


Gold Specie. Rails, Track : 


- Material. 


All other, 


$1,468,785 
1,519,595 
1,586,605 
1.761.220 
2:660,860 
2,453,350 


Silver Bullion. Silver 


Petroleum—Gallons., Specie 


{ 
$3,001,000 | 289.580 
400,000 | 
59,350 
1,330,500 
818,000 
1,660,295 } 


$139,980 
138,230 
121.950 
440.520 
385.360 
1,219,815 


1,638,975 
1,271,910 
1,369,178 
1 
1 
1 


: $1,750 
3 

(928,311 

8 

5 


13,380 
113,145 
54,840 
152,655 
141,385 


265,645 
278.070 
329,955 
357,485 
347,410 


(867,755 
5584,217 


MINERAL EXPORTS OF QUEENSLAND. (@) (IN METRIC 'TONS AND DOLLARS; £1 == 


$9.) 


Bismuth Copper. 


Year. 
Ore. 


Antimony 
Ore. 


———_——- 


Gold—Kg. 
Ore. 


Gold Ore. 


Ingot. Matte. Regulus. 


fal 


21,529 
19.496 
25,293 
29,390 
31,656 
29/307 


$11,360,545 
10,571,285 | 68 
12,843,510 | 220 | 
14,278,905 | 748 
14,574,950 | 518 
14,000,365 | 762 


1895... $1,935 | 441$24,760 
1896.. 07 750 
1897. 2,500 | 89] 20,150 
1898... 300| 6| 1.710 
1899.. 2.110} 2| 1,755 
1900.. 1.575 | 5) 5,135 


102|$10 1840) 315] $62,695 
209) 21,590) 377| 71,045 
241] 15,425 196] 34,515 
BTR] 28.845 
73 37|_ 54, 620 
1,97011% 6,150) 


225 
142 
150 

,5 
104 


$31,200 
12.400 
21,925 
1,325 
22.405 
14.245 


199 

237 

148 
2 | 


137 


56,6 970 
35, 075 
1,980 | 


32,000 


Pi: Silver. 


cious | 
Stones 


Silver-Lead Tin Ore. Tin. 


Bullion. 


Doré Bull- 
ion.—Kg. 


Precipi- 


Ore. tate. 


77|$10,060 
181} 46,350 
35,080 
39,370 


$224,175/459|$146,760 
136,410/355 97,485) § 


$198,710 1 |$6,785 480| $26,340} 1,180 
103,630)0°8 | 1,500}3,163} 144,460) 751 
37,350 i 1,823) 210,565) 636) 115,750)181 675 

(c) 1,951| 206.065] 535) 103,455)150} 55,900 

(eyes 54,686 1,930) 173,945) 709) 221,615)358) 198,180 371/131, 0910 
ISCO) sce 61) 9,260 15 3, 050 Al 1,047} 159,780) 596) 209,075/283| 190,7151282 69.7615 


(a) From Annual Reports of the Under Secretary of Mines, Queensland, when not otherwise stated. (b) 
From Mineral Statistics of the United Kingdom. (c) Not reported. (d) From Statistical Abstracts for the 
Several Colonial and other Possessions of the United Kingdom. 


$29,575! (c)|.... 
| 5 |$770 
HCG) Here 
D(C) eas s 


1895.... 
1896....;. 
189% .:.% 
ike sao eo 
1899 

1900... 


561 
174 
301 
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MINERAL IMPORTS OF SOUTH AUSTRALIA. (4) (IN METRIC TONS AND DOLLARS, £1—S5.) 
Spent late ae Ane eens 


Gold and Tron. Silver-Lead. 
Silver 
Year. Coal. Coke. Bullion | Bar, Sheet, | Galvanized, 
and Hoop, and Plain, and Metal. Ore. 
Specie. Rod. Corrugated. 


{ : 

1895. .|261,117) $675,450] 91,292] $531,872) $978,140) 5,158 $163.205| 4,153/$286,970| 25,079|$4,293,305|134,878 $1,989,950 
1896. .|343,588| 895,480] 68,554 315,600) 1,782,730| 7,656 263,610| 7,110] 527,475| 25,8)6) 4,379,644/284,297| 4,143,515 
1897 . .|378,495| 1,012,140] 75,205] 402,620 78,340) 6,505] 229,970] 6,438] 454,750) 17,466) 2,989,810 801,990} 5,221,195 
1898. .|420,001) 1,121,795} 82,796) 428,705 47,685] 10,076) 287,500] 6,627) 501,245) 38,455] 621,885 415,861| 6,355,645 
1899. .|444,535] 1,223,595] 54,166) 313,145) 963,920) 6,028 216,605) 6,363) 523,475 208 59,750/480,104| 8,331,495 
1900. .|508,769] 1,520,605] 72,247] 458,675] 424,120) 5,726 270,705] 7.555] 732,150| (c) |...-+..-++ 571,528)11,499,005 


(a) From British Statistical Abstracts, except the figures for 1896, which are from the Statistical Register 
of South Australia. 


MINERAL EXPORTS OF SOUTH AUSTRALIA. (@) (IN METRIC TONS AND DOLLARS; £1—$5.) 
_ MINERAL EXPORTS OOO eae ee 


‘ | 
3 : | Lead. 
Year. Coal. Copper. Copper Ore. |Gold Bullion—Kg. | Lead. Argentiferous. 
| IU CSRS SENS 
1895 -: cle <icie 876 | $1,725 | 5,251 |$1,132,470 268 | ¢10,085 1,152'5 | $643,960 | 20,766] $961,220) 25,134 $3,026,310 
1896...... 37,423 | 110,480 |b4,689 | 1,097 320 354 | 15.750 265°1 157,905 | 24,853) 1,188,620) 13,869) 1,416,555 
IROL sisteals 39,480 | 121,210 | 4,784 | 1,192,835 554 23,200 556'5 345,670 | 21,283] 1,099,020) 16,474) 2,548,515 
1898...... 89,399 | 124,680 4,857 | 1,227,020 545 | 19,960 593°2 873,450 | 22,250 1,298,650} 27,106) 2,944,635 
5 ti)! ee 47,568 | 154,440 105,597 | 2,084,250} 3,356 104300 501°5 815,955 | 35,638 2,302,680} 21,298| 2,832,335 
1900...... 78,945 | 269,515 )b4,892 | 1,861,250! 2,406 | 112,630 533°5 840,980 ! 41,900] 8,371,880) 12,673] 1,870,605 
= Lead Ore. Manganese é 
Year Argentiferous. Ore: Matte. Mica. Salt. Slate, Roofing. 
1895....... 44,83 $1,132,015 49 $730 | (c) | Retest (c) (QEAtH eG arise (c) 
Ech eee 129,438 3,652,350 c) |.... ...| 8,885 | 465,910 $1,660 19,332 $127,280 $4,925 
TC Se area 180,87 5,394,000 (O\e-escisrncs 2,824 | 342,235 5,690 29,374 174,805 18,865 
ABOBs s s.cis ie 139,567 4,779,410 5 50 867 | 128,300 500 81,471 192,725 3,510 
$RO9. eos 188,916 5,869,280 | 102 590 | 1,293 | 174,110 (c) 35,623 220,570 5,280 
1900. i.e 163,015 5,254,205 (Qe Asaceseses (CG) ale nies (¢c) 33,976 186,285 (c) 
: : Various (a) From the Mineral Statistics of the United 
Year. Tin Ore. Zine. Ores. Kingdom, except the figures for tees Chie are from 
| ae pete ae of South Australia,Part IV. 
3 x : an ose for ,which arefrom British Statistical 
1895........ 70 | $9,075 ie wee 6 Bae Abstracts. (b) Includes yellow metal. (c) Not re- 
1896........ (@) |eweeeeee 6 p ae es 8 oor ported. (d) Exported in 1896 also rock salt, 3 metric 
1897........ (@) Jerse act| dl ny : 2,095 || tons ($50). In 1897, 2 metric tons ($80). _(e) No tin ore 
1898........ 5 25 | 18 1,290 | 80,931) 516,765 || exported in 1896: but tin, block and sheet, 5 metric 
1899 eetines & a 5 Bi 2,215 a 38,010 || tons ($1,795). In 189742 metric tons ($825). 
eae waa PCV ee EA Gol eanencnelpR(O) wpesncdtse.c 


MINERAL PRODUCTION OF TASMANIA. (4) (IN METRIC TONS AND DOLLARS; £1—$5.) 


: Stone. 
s Coal. CoRe Gold—Kg. |Iron Ore. Tees Sver Se ee Limestone: 
yw f Cubic, Total | Total 
Yards Tons. Value. Tons Fale. 
1895|33,703| $70,145 34| $2,600)1,'709) $1,061,645 (ey | ake 18,194| $879,785] 7,144 | 7,961 |$13,540 | 1,419] $7,500 
1896|44,286) 86,770 52 6,450|1,947| 1,187,870) 208] $250) 21,150) 1,114,740 4,256 | (db) 8,485 | 2,621] 3,101 
1897|43,210| 84,640]113,261 1,618,250|2,399} 1,446,205 999| 370] 17,806} 986,125] (b) (OVA Soca: 1,702} 6,200 
1898|49,902] 97,271] (d)_ |.....-..- 2,309] 1,407,425]1296]1,910)196, 707 8,281,066} (bd) (G2 [ese eetacens 45,324! 58,195 
1899|43,803} 85,040]e60,985 2,792,860/2,612| 1,637,725 (OVER eae 118,721] 1,397,895) (6) (DY |iaorirscerctete 71,'747|202,699 
1900!51,549} 212,360! £4,221 317,94511,716] 1,029,430! (6) |....- 26,564| 1,396,860! (b) (ies eter cise 47,671} 65,245 
Se ree ree ee ee ee ee 
Stone.—Continued. Tin Ore. 
TE ee eee ee 
Year. Weer ole crater Rubble or Metal. Quantity. Value. 
Cubic Total | Cubic Total : P 
Feet. Loads Vale. |: Reet. Tons.! value. Alluvial.| Lode.} Total. | Alluvial. | Lode. Total. 
1895..,... 21,470 | (6) $6,170 1,140 | 6,200} $5,175 3,887 389 3,926 | $726,230] $180 $766,410 
1896...... 13,575 | 4,220 7,590 | 4,556] (0) 1,635 3,867 (b) 8,867 804,395 ee 804,395 
I BOG 03 :os- 3% 82,197 (b) 5,805 | 95,202 | 18,274 11,010 3,281 1 3,282 545,545 545,630 
1808.55... 19,560 | (b) 4,025 | 525,258 | 70,701) 89,285 2,882 (b) 2,882 578,810 | (bd) 578,810 
1899.55 ss 14,400 (b) 8,079 | 88,425 | 12,060 18,151 8,333 (b) 3,383 | 1,854,320 (b) 1,354,320 
1900 55.4. 51,509 | (b) 56,010 | 13,562 | 4,291} 19,915 2,693 (b) 2,693 884,010} (0b) 884,010 


(a) From Statistics of the Colony of Tasmania, Part V., Production. There was also mined in 1898, 6 tons 
of nickel ore, valued at $2,000. (6) Not reported. (c) Represents car-loads. (d) Included with silver-lead ore. 
(e) In addition there were produced 8,496 tons of copper bullion, valued at $3,349,800. (/) In addition there 
were produced 9,848 tons of copper blister, valued at $4,190,355. 


THH MINERAL INDUSTRY. 


MINERAL IMPORTS OF TASMANIA. (@) (IN METRIC TONS AND DOLLARS; £1—$5.) 


ell 

Cement Copper Shoot! |Glassware Iron. | Tron and |.Jewelry | Silver 
and Coal and Coke.| and Crown, Taos. : Railway Tin and Specie 

Whiting. Lead. | rine "|Material) Plate. | Plate. |, ag 

Plate. ; ullion, 


{ 
++ | 1,605 |$24,855) 86,189) $58,615 | 35,590 $8,125 | $36,140 $58,465 | $115,120 | $11,960 |$15,065 
+a) BOF SsCa | 28,145) 11,888] 5,105 10,525 69,010 } 148,960 179,335 11,100 
...|1,607| 16,895) 41,436) 105,475 |. - 4,950 15,795 84,845 0 89,190 | 254,500 8,135 
.++| 2,465 | 31,985) 47,871) 115,271| 10,740 18,072 78,020 239,617 | 280,862 75 | 58,580 
1,708 | 21,842) 75,708) 212,665} 17,700 17,025 109,225 j 218,504 353,454 48,115 
-| 8,033} 43,785) 87,376} 252,140| 28,000 | 27.965 139,740 348,180 513,095 78,255 


(6) Not reported. 
MINERAL EXPORTS OF TASMANIA, (@) (IN METRIC TONS AND DOLLARS; £1— $5.) 


Glassware Gold. 
Bismuth | Coal and Copper. Including 


5 ce, ) re. ister, arthen- 5 
Ore. Coke Copper Ore Blister peste Ons Bullion—Kg. | Coin, 


.+.| (b) |ss.s.... 101] $705) 205|$48,885 395°0 | $28,890 1,664 |$1,062,6501$58, 950 
.++-{1°0} $400 | 380) 680] —86| 8.295 | (b) 1,082 1,759 | 1,118,065] (b) 
-++| (0) |...++4../2,271/8,095] 53} _4:560. 14,585] $1,825,585 9,970 | 1,829 | 1,131,440] (6) 
‘| 4 550 |2,605/3,269 467) 30,660 |5.092) ” 11861165 : 1,521 | 924.3251825,000 
--+| 6 | 4,500 |2,740/6,005] 1,755) 119,125 |8,476| 3,690,275 505 | 1,647 | 1,006,175] (6) 
| (B) |... +. +..12,782/5,150! 4/289] 817,945 91343] 190/355! : 300 | 1,729 | 1.022°720} (b) 


Tron. 


Iron Oxide. 
Old Metal. Rails. 


$670 . 20,575 |$1,139,580 
2,710 900 | 26 : 21,150 | 1/114.740 
1,450 Reals (it 19,828 | 11084465 5 
1,295 14,163] 888,090] (b) 6 835 
745 | <b) ; ; 5 13,618 | 812,090) 1,453/$232,255 | 58 | 18,120 
eee . 12,387 | _ 860,830) 2,337} 399.570 13 | 3/195 


Tin.—Continued. 


(a) From Statistics of the Colony of Tasmania. Additional 
Metal. exports in 1897: Jewelry and plate, $6,105; silver coin, $12,875; un- 
classified ore, 30 metric tons, $1,450; mineral sand, 44 metric ton, 
$5; copper metal, 114 tons, $40: iron ore, 904 tons, $4,015; man- 
$837,305 ¢ ganese ore, 2 tons, $30; mineral oxide, 5 tons, $45; in 1898: 
795,180 : Jewelry and plate, $3,395; iron ore, 1,735 tons, $8,540; in 1899: As- 
749,970 : bestic, 203 tons, $1,815; tin plates, $2,150; iron ore, 3,635 tons, 
705,810. 0 $17,350. (6) Not stated in the reports. 
1,391,615 | 8 
1,349,165 | 27 


MINERAL PRODUCTION OF VICTORIA. (@) (IN METRIC TONS AND DOLLARS; £1 = $5.) 


Antimony 


Woar a one Coal. Lignite. |Copper Ore| Gold—Kg. (b) |Ye2d Ore.| Slate and 


Argentif.) Flagging, | Tin Ore. 


1895... eee eeee+|197,334/$592,000| 1,988 | $5,239 $1,050128,0191g14,801,720 20 | $500|/366 $450) 76 |$15,662 


1896...) (a) |. 230,187) 565,060) 5,908 | 10,705 .|25,041) 16,101,740) (da) 386 485} 47 | 8,995 
1897... 240,057] 543,200 6,885 /25,280| 16,255,320} (d) (d)|e125,000} 48} 8.250 
1898. . 2,550/246,845 515,495) 3,835 seeeeee./26,0414 16,745,140 U 87 | 19,565 
1899.. iieleleece 266,578) 567,610 ++++++../26,578] 17,090,000} (d) ( 158 | 56,000 
1900... veeeees. (215,052) 507,995] ( seeeeeee}25,231| 16,148,440 slels(one 71! 25,105 


$$$ $$ 


MINERAL IMPORTS OF VICTORIA. (c) MINERAL EXPORTS OF VICTORIA. (c) 


Gold. 


Year. Coal. Tron and Steel. i one ene es) 
Bullion. Specie. 


1895. .| 553,843 | $1,005,235 | 42,788 | $1,422,400 $2,060 | $612,505 | $18,141,180 | $41,860 
1896. -| 511,020 45,126 | ~1°996.845 95 | 3,050 | 323,025 | 16,1717585 | 53'185 
1897. .| 535,812 3,235 | 56,882 | 27294645 15,690 | 969,055 | 31/392'535 | 111605 
1898. .| 571,326 2'674.'705 77 7,033 |1,355,240 | 28,2531685 | 122/300 
1899. .| 582,676 | 1,380,685 |... 3,507,105 1,695 8,310 | 988,210 | 20,821:110 | 144/500 
1900..| 690,567} 22018,615 3,762,985 || 72,765 | 186,535 ! 2,750 } 433,000 | 20.227'305 | 114°975 


(a) From Annual Reports of the Secretary: for Mines of the Colony; additional products in 1897: Bricks, 
estimated value, $11,250; pottery, estimated value, $8,900; in 1898: Brick, $12,500; pottery, $10,000; infusorial 
earth, 142 tons, $1,400; in 1899: Infusorial earth, $1,250; brick, $15,000; pottery, $12,500; building brick, $100,000. 
(6) The values are not separately stated in the report, and are estimated at $20 per 0z.=$643°02 per kg. (¢) From 


British Statistical Abstracts. (d) Not stated in the reports. (e) Represents estimated value of building stones 
basalt, sandstone, granite, slate, flagging, ete.). 


a 


MINERAL IMPORTS OF WESTERN AUSTRALIA. (a) 


AUSTRALASIA. 


Clay. 


811 


(IN METRIC TONS AND DOLLARS; £1 = $9.) 


Brass- Cement. Es Coke and Couper, 
MERE ware. | No. of Barrels.| . . Barthen : Coal. Patent Fuel. 
Bricks and Tiles No. of Sacks. Ingot 
Chinaware. BU. 
| 
1895.....- $9,220 | 15,048 | $30,290 | $6,305 $68,220 $2,815 30,1251 $147,395 368 $510 (c) 
1896. ..... 18,980 (c) | 70,845 19,340 87,485 7,585 71,680) 197,515} (e) 2,485 $8,375 
WOU aicca tin 23,985 | 47,457°| 81,305 12,120 101,320 16,365 139,369} 474,690} (ce) 10,825 1,695 
1898.0 3.5 22.835 | 52,077 | 96,890 14,350 66,305 | 10,030 | 134,815 421,230) 7,936 5,340 2,110 
WS99c sss 12,320 | 40,741 | 90,820 8.945 62,445 | 4,640 129,512) 475,720\d 1,456 9,840 2,805 
1900...... 16,135 } 33,586 | 71,926 2,185 85,565 9,115 152,013) 558,495’ = (c) 76,295 1,800 
Copper.— : Tron. 
Continued.|Copper| Glass Gold 
Year. (2 | Sule |e and GoldGoin.| 22d | Galvanized. Other 
Rod, Sheet,| phate. |Glassware| | Silver Pig. (Corrugated Manufac- 
and Wire. | Leaf Sheet.) tures. 
| | 
1895.....- $4,335 $455 $64,410 | $4,540,000 | $2,765 289 | $3,870 3,848 | $289,935 $280,670 
1896...... 9,440 735 103,210 4,751,850 | 2565. || 639 | 12,455 | 7,467 525,050 771,945 
W897) cnc 5 12,295 625 137,815 225,000 | 2.505. | 953 14,095 | 11,689 | 897,035 661,630 
5 toi! le eR 18,695 885 86,740 | 675,006 | 4,265 1,431 20,620 8,997 | 685,575 631,145 
1899...... 15,515 (c) 105,890 25,000 | 1,905 1,379 | 25,845 4.280 | 341,770 649,735 
1900; rice) 23,455 (c) 85,835 (c) 2445 |21565 | 47,950 | 9,455] 745.570 | 393,225 
Tron and Lead—Sheet, | paraffine Petroleum and Plaster of Quicksilver 
r Steel Pig and Pipe. eee Turpentine. ae : a 5 
Year Wire. Steel. Wax. No. of Gallons. Paris. No. of Flasks. 
| 
1895...... $53,995 $21,765 96 | $6,040 | $2,640 495,024 | $82,730 52 $1,050 823 | $9,880 
1896.2 sscis 67,715 82,935 821 | 20,250 8,780 853,649 | 159,765 245 3,545 840 | 20,235 
USO te sesters 82,545 80,340 537 | 37,115 3,750 1,058,022 | 163,735 496 6,225 623 | 22,705 
1898...... 97,580 64,195 469 | 27,240 8,510 1,165,375 | 195,635 | 246 2,725 | 691 | 25,280 
1899...... §3.735 | 1,007,825 | 146 | 8,425 9,095 | 1,241,159 | 191,180 | 62 970 | (c) | 87,900 
LODO eee 99.470 | 1,533,000 [1,646 | 81,050 9,555 1,501,664 | 243,920 36 | 570 (ce) 28,695 
Salt Sodium Salts. Stone. 
———E ~ - Silver 
Year. Rock. Other Coin Carbonate. Hy- |Other Salts| Grindstones. [Marble and 
No of Sacks Kinds. (Crystals.) | drate. jine. Potash.| Number. jother kinds 
1S9DS Se: 212 | $595 833 | $9,710 $92,000 | (c) | $1,270 | $2,460 $1,240 b700 | $660 $7,140 
NBOG Ss io ocecn (c) 260 997 10,690 147,095 | (c) 2,150 2,420 4,940 (c) 2,055 22,070 
NBO S sassnie (c) | 410} 1,211 | 11,568 103,000 | 143 2,730 3,955 4,940 (c) 2,445 20,190 
TBOB Ss. ere 332 | 275 | 1,846 12,665 1,050 | 137 2,390 5,510 6,505 1,206 | 1,140 19,190 
BOO ere (c) 205 | 1,567 14,290 5 | AC). [ewes anes (c) (c) (c) 1,085 13,250 
10005 aoc (c) | 350} 1,596 | 15,965 17.800) (6) \eeee oes (c) (c) (c) we 11,230 
Tin. Zine. 
ant Sulphur. Block, Foil,| Whiting. | Sheet (a) From the Blue Books for West- 
No. of Casks. Ingot. | Plate, and and ern Australia, except the figures for 
Wares. Ingot 1896, which are from the Annual 
Report of the Collector of Customs, 
wherein only the values of the im- 
1895... v6 | 344 | $1,230 (c) $15,900 $1,065 $3,970 ports are stated. (6) Number of pack- 
1 SOG ee cecte Lon (G) 720 $4,090 34,395 1,950 6,295 ages. (c) Not stated in the reports. 
hSOterescars | (c) 600 6,360 24,835 1,530 7,565 (d) Metric tons. (e) Foil and plate 
TSOB Sess | 288 970 6,490 19,150 1,625 7,710 only. 
1Q00R ee se (c) 1,295 13,235 4,900 1,530 16,530 
19002. 2% | (ce) 3,940 13,165 23,410 1,755 } 8,860 
MINERAL EXPORTS OF WESTERN AUSTRALIA. (@) (IN METRIC TONS AND DOLLARS; £1 = $5.) 
| | Gold. ae 2 
a | _ . a0 
Year. Coal. ep des | | and oN Mica. | Tin Ore. 
| Bullion—Kg. | Coin. | Steel. cules 
pee Ree te eee eras x ae | Z oe 
{ | | | 
| 15,095 |} $92,675 839} $64,769 | 7,201) $4,398,740 | $460 se (oy | saan $15 | 281) $48,519 
| _ (6) 75.205 | (b)| 500} 8,748] 5,344,040) (b) | $130 | (b)|..... (b) | (b)| 21,695 
23.756 | 129,010 | 96) 5,165 | 20,994] 12,824,885 | 3,180,400 | 4,165 | (b)| $20) 1,045 96| 16,370 
+ | 26,240) 149,135 | 361) 21,330 | 32/633! 19,953,490 | 75,000 | 41,090 | 5) 165) (0) 69| 13,805 
| 45,283 | 226,415 |2,023| 207,260 | 44.587| 27,256.840 | 398,460 | 88,790 16} 480| 250 313) 115,810 
| 79,706 | 417,105 | 859) 82,300 | 41,658) 18,995,620 | 8,758,815 | 33,270 | (b) | 1,210 | 15 | 478) 190,895 


which are from the Annual 


(a) From the Blue Books for Western Australia, except the figures for 1896, 
$320; silver plate, $85; 


Report of the Collector of Customs, Perth. In 1896 there were also exported brassware, 
and salt, $80. (b) Not stated in the reports. 


AUSTRIA-HUNGARY. 


THE latest official statistics of the mineral production, imports, and exports 
of Austria-Hungary are summarized in the following tables: 


MINERAL PRODUCTION OF AUSTRIA. (@) (IN METRIC TONS AND CROWNS.) 
(1 crown = 20°3 cents.) 


Alum, 


_—— 


fe Axion 
7 Coal. 


Ore. 


Alum and Py-} 


Asphaltic 
ritous Shale. | 


Rock. 


390 | 22,684 
300 | 177736 | 


oad Bismuth 


25,184 40,172) 
21,585 | 35,890] 
28, 914 | 42,734 
19,879 | | 33,555 

3, 004 18,042 


919 |113,110 
851 |110,822) 
1,037 |145.632 
604 | 83.566 
620 | 92,132) 


422 | 261, 064 | 905 | 161 :260 
425 | 226, 460 | 864 | 1146, 898 
343 | 208.470 | 679 | 643 | 31,208 
271 | 168,462 76, "218 2,635 | 75,671 
15 74, aed 201 | 35, 324| '887 | 48,015 


9,899,522) 70,409,850 
10, 492.771] 76, 809, 728 
10,947,522 109, 475, 219 
11 "455, 139 114, 551,387 
10. 992,545 95, 590, 921 


1,898 
4: 3 12,789 


Coal, Lignite. Copper Ore. Sulphate, 


Copper. | Copperas. 


{ 
| Gold—Kg. | Gold Ore. 
| 
| 


170 
125 


6,823 
7.405 
6,791 
6,731 
5,825 


| 
18,882, 587 72 2,455,216)}1,001)1,105, 808) 
20, 458, 093 go. 168,846) 1 083) 1 ‘229, 368) 
21, 083, 361; 86, 985, 582)1 0411, "255, 620 
21,751,794 95, 167,467) 1,123) 1,842,084) 
21,539,917 112) 688, 577 ‘tlh ‘538, 468) 


416 | 96,824 
647 | 65,876 
448 109-752 


265 1105, 114) 69- .g| 197,826 
276 |116,020) 67-6 | 187,352 
209 | 94, 328) 7 “ke | 204, 002 
235 |101,473) 1: 7| 188, 728 | 387 | 62,038 
234 126 406) 70°9| 170,585 | 227 | 42, 831 


Een | | 


8,344 

6,270 

360 | 22,630 

75 | 19.535 

474 | 22,004 
} 


546,538 
558,786 
506,496 
483,055 | 
478,496 


Graphite. 


Tron Ore. 


Iron, Hie 


| 
35,972 | 2,432,916 
38. 504 | 2,705,292 
33,062 | 1.747°139 | 
31,819 | 1,976,402 
33,663 2,090,631 


4, 448,615 
1, 61 3,876 
|1,733,649 
1,725,148 
1; "804, 458 |11, 092, 997 | 879, ol 70, 974,218 


6,892,958 | 
7,532,096 | 
8,455,376 | 
9 "841. 306 | 


693,1 al 
762,685) 


47,474,500 
53,252,476 


837,767| 59,026,726 
872, 352! 66, 12) 942 


Lead Ore. 


Litharge. 


| 
9, 769} 3,054,432 
9,680) 3, 152, 420 
10, 340) 3, 579, "024 
9, 736 3, 744, 389 
10,650) 4,722,157 


14, nas| 9.11 117,128 
14.145] 2'323°798 
14.363] 2'460.782 
12°820 | 2'548°660 
14,814) 31039,484 


| 
1,738 |543,006 
1,626 | 531,388 
1,520 |561,400 
1,526 | 585,662 


1,288 |583,436 
l 


| | | pore 


Nickel and 
Mineral Cobalt 
Paint. Products(b) 


68,564 | 3,979) 167,520} Ni7.| | ios 

95,922) 3,653) 168, 098} 37° 6) 50, 110 
95,590) 3,213) 148,784) 58° 8! 54,046 
91,193} 2,055) 122,835) 88°1| 42,859 
136,948 eee 157,735) 31° ob 34,170 


Mepeaness Petroleum. Quicksilver |Quicksilver Ore Salt. 


262,356/10,377,710!564 l2.299,890 

275,204 | 11,753,384 |532|2,380,242) 88,238 

323,142) 16,423,882!491 2,297,074] 88,519 

309,590) 15,927, 707536 2,460,105) 92,323 | 1 

peiglesed etna MULE aera ol 94,727 
j 


1,556,910 | 308, 983 45,970,706 
1,628,118 | 331,084/ 51, 122, 882 
1, soe, 152 | 341,959) 5B, 038,994 

728 | 342, 059) 50,623,802 
1 "S58" 614 | 343, 4 49, 880, 056 


3,950 
6,012 
6,132 
5.411 
8,804 


83,305 


Sulphuric 


Sulphur, 
Acid. 


Tungsten 
Crude Rock 


Year. Ore. 


Silver ‘abatl Tin. 


91,300 
84,028 
94.144 

123,198 

138,254 


Silver Ore. | 


{ 


| 
3,843,066 | 7,972 | 442,364 
3,743,602 | 8,515 | 402,108 
20,886 3,525, 190 | 7, 003 | 318,846 | 496! 8,306 
39,564 | 3,809,889 | 21,554 | 3,714,608 | 7,814 | 315,226 | 555| 7,628 | 
39,572 | 3,907,595 | 21,641 | 3,796, 498 | 7,067 | 234,848 al 11,282 
} 


———————— oe ————SSSSSeSeSeSeSeSSeSeSeSSeSeSeSeM 


DBOGS sre cccetie's 39,904 Si 4.281.826 
40,026 | 3,904,826 
40,304 3.770.108 


18,701 


643 | 16,542 | 
20,628 


13,960 
580| 9,674 | 


38,496 
66,164 
111,297 
70,050 


AUSTRIA-HUNGARY. 


Year. bee seat ecg Zine, Zinc Ore. 
1896......|30| 56,870) 4:2} 94,118) 6,888 | 2,570,782)26,887 | 948,066 
{O07 2 acs: 44 | 90,022| 4:4} 85,044! 6,236 | 2,483,218|27,463 |1,060,282 
1898...... 51 (103,438) 4°3) 79,156! 7,302 | 3,517,988 /27,395 |1,598,580 
1899. .....|49 |107,104| 7-6/136,566) 7,192 | 4,041,270/37,100 |2,713,942 
T9005 ce. 52 |161,346} 11°3/242,418) 6,742 | 3,164,458 /38,243 (2,280,259 

} 


813 


(a) From Statistisches Jahrbuch des K. K. 
Ackerbau Ministeriums; Der Bergwerksbe- 


trieb Oesterreiche. 
second fusion. 


Iron, common, cast, 
(b)In 1897 and 1898 the fig- 


ures represent nickel speiss, nickel sulphate 


and cobalt sludge. 


MINERAL AND METALLURGICAL PRODUCTION OF HUNGARY. (a) (IN METRIC TONS AND DOLLARS. ) 


Antimony. 


Coal. 
Carbon 
Year. Alum Ore. Crude and Asphaltum. | oxysulphide. ate 
Ore. (b) Regulus. Briquettes. 
1896......| @20 | $97 | 1,861 | $22,572 | 500 | $59,313 | 2,740 | $57,619 | 352 | $25,650] 31,179 | $100,212 
1897......| d@60 243 | 1,800 | 34,563 523 63,360 3,057 65,001 432 7,182] 27,022 87,605 
Pare OPIN TOs eo lticleteetolas 2,201 | 20,219 855 109,681 | 3,125 | 66,422 | 771 56,393) 31,781 102,840 
fee eee 1,965 | 34,205 | 940 | 139,502 | 3,060 | 65,467 | 1,120 | 81,896| 31,137 | 101,388 
Nil, |..0+0006| 2,873 | 37,720 846 123,070 | 2,900 | 60,997 | 1,250 90,000) 69,358 231,554 
Coal— Continued. 
Copper 
Year. Coke. Copper. Copperas. 
Coal. Lignite. Sulphate. 
W80Gs Fees 1,132,625} $2,368,715) 3,761,728 | $5,094,630) 25,550 | $58,914 | 159 | $31,305) 595 $964 3°0 $288 
TSO Geer es 1,118,024] 1,819,409} 3,870,580 | 4,118,189) (c) |.......... 213 | 46,091) 592 iS OO ew etesets) 625 
180855... :3 1,239,498] 2,667,095) 4,516,581 | 5,693,094) (ec) pisibesisigiere | LOO" |> TOOAOIE |. Wao, 1,807 INO oesbeysiac 
1899. 02... 1,238,855] 2,640,015] 4,292,584 | 5,948,062] 10,336 38,814 | 165] 48,5387) 77 2,497 Nil. 
L000 ei. we 1,367,190} 2,897,369] 5,128,277 | 6,868,197) 12,973 56,174 | 181 | 52,109) 700 | 2,240 | Nil. 5 
Year Gold—Kg. Iron Ore. Tron, Pig. Lead. Lead Ore. 
1896...... 3,208°04 | $2,181,866 | 1,269,680 | $1,225,084 | 883,698 | $5,649,301 | 1,911 | $107,711 405 $17,099 
ABO Feet 3,068 ° 90 2,688,224 | 1,421,180 | 1,530,967 } 402,503 5,866,552 | 2,527 149,302 525 21,435 
1898...... 2,768 00 1,842,651 | 1,666,837 | 1,888,124 | 448,621 6,899,138 | 2,805 137,817 G71 22,026 
1899... .... 3,069 ° 00 2,042,159 | 1,567,860 | 1,999,002 | 451,647 6,929,527 | 2,166 150,402 526 20,086 
NOOO Rae. 3,270°12 2,152,915 | 1,666,363 | 2,009,602 | 432,817 6,371,657 |} 2,031 167,829 612 26,960 
Nickel and Cobalt. 
; Manganese | Mineral : 
Year. Litharge. F Petroleum. Pyrites. 
e Ore. Paints. Ore. Products. d 
1896...... 465 |$31,239 | 2,101 |$1,591 | 334 | $2,485 | 46 | $1,829 | 18 |$2,971 | 2,168 | $21,885 | 52,697 | $91,730 
Bots (eae 1155 | 13,888} 4,030 | 4,710 | 460} 2,986) 32 | 1,269 ue9 "O57 2,299 | 22,989 | 44,454 71,500 
18085 5. 1188} 15, "854 8,087 | 3,776 | 247 BOS TENGE lee castes 24,746 | 58,079 93,522 
1899.. 213 18.351 5,073 | 5,765 | 394 507 | Nil. 21,822 | 79,519 129,87¢ 
T9005... 201} 18,859} 5,746 | 6,479 | 370 2,820 | INARI avaveierelsie's 22,373 | 87,000 133,482 
Year Quicksilver—Kg. | Salt. Silver—Kg. Sulphur. [Sulphuric Acid.} Zine Ore. 
pee 
1B9G scr ces 1,100 | #006 | 180,133} $6,191,861 | 19,916°0 |$477,677 138 | $3,781 | 3550 | $26,441 (c) $338 
a ee aa seca 200 | 374 | 171,711 5,375,788 | 26.790°0 | 622,634 112 3,317 | 3,397 26,258 380} Nil. 
1898...... 6,800 5,562 178,551 5,679,584 | 18,799°0 | 448,427 93 2,883 | 1,318 13,906 30 | 3,634 
UO a tte | 27,000 22,025 | 182,593 5,479,782 | 21,018°0 | 492,803 116 8,654 | 1,463 3,573 | 1,197 | 5,623 
UDO ara sei | 31,800 | 25,466 | pre 5,456,600 | 20,201°9 | 461,234 123 8,818 | 1,371 | 3.290 326 | 1,427 


of antimony. 


tate From Heck Statisztikai Evkonyv. 


(c) Not stated in the report. 


(d) Represents refine 


d alum. 


(b) This does not include the ore consumed in smelting the product 
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MINERAL IMPORTS OF AUSTRIA-HUNGARY. (a) 
RR Sa STR SR Ren a a ec I 


Ammonium, 


| Aluminum 


Aluminum 


Sulphate 


Ammoniacal 


(IN METRIC TONS AND DOLLARS.) 


Antimony. 


Alum, 


and and 


Chloride and 


Alloys. 


Chloride. 


Liquor. 


359 |$12,942 
346 | 12°463 
334 | 12/013 
332 | 11.938 
430 | 15.476 


50 
67 
101 
120 
154 


$37,916 
50,096 
62,143 
58,015 
68,420 


1,128/$22,554 
27,039 

29, 14b 
20,789 

5) 22,954 


507 
565 
230 

72 
176 


$8,042 
2,710 
1,105 
363 
879 


Sulphate. 


Hydrate. 


Ore. 


Regulus. 
Kg. 


323 
339 
430 
358 
574 


$46,746 
42,430 
42;288 
37,957 
64,265 


fel 
128 
80 
46 
65 


$3,697 
6,677 
4.150 
2,587 
3,488 


8 
12 
10 


-e-_— 


Arsenic, 
Arsenious Acid, 
and Sulphide. 


309 
259 
287 
284 
319 


$30,527 
24,021 
34,080 
32.390 
39,197 


Borax. 


Crude, and 
Borie Acid. 


$83, 222 
68,772 
44,871 

125,507 

172,996 


Asbestos. 


Crude. 


Manufactures. 


Asphalt. 


Crude Rock. 


1,085 


185 | 


185 
625 
609 
865 


$11,810 
33,041 
33,316 
44.698 
94,384 


$67,046 
48.774 
54.200 
55,146 
33,298 


165 | 
134 

138 
135 
124 


4,715 
5,824 
5,973 
7301 
8,801 


$31,181 
38.894 
40,621 
69.471 
"7,416 


Mastic and 
Bitumen, 


1,621 
1,309 
1,117 
1,546 
1,564 


$35,658 
28,805 
24.574 
28,594 
32,762 


Brass, German Silver and Tombac. 


Refined. 


Crude, Old, and 
Remnants. 


Bars, Sheets, 
Wire, etc. 


76 | 


| $7,088 
63 | 
| 


5,135 
14,832 
10,432 

2778 


13) 
93 | 


3,118 
2660 
3,232 
2699 
27654 


$538,065 
489,052 
630,147 
651,771 
658,681 


118 | $28,859 
152 | “50,689 
182 | 51,577 
168 | 61,012 
54 | zn | 


Wares. 


526 
549 
607 
588 
579 


$631,440 
658,920 
765,824 
764,010 
752,960 


15 | $1,302 
672 
1,033} 28,200 
840 30, 400 
46 | 3,822 23" 000 


| 


700 
600 


Barytes (In- 
cluding M’f'd 


$56,850 
52,128 
52,776 
45,608 
73,591 


Cement. 


35,290 |g226.496 
32°479 | 208.756 
30.745 | 1977479 
21°524 | 129'604 
25,834 | 152°367 


PELL ye an ne a ee ne rc reereed 
Clay Products. 


Chloride of 


ar. : 
Ye Lime. 


Chrome Ore. 


“Kaolin and | 
Feldspar. 


| Manufactures. 


Potters” and 
Other Clays. 


Coal. 


EEOC ciescisic's 
1897... 


1,989 
1,820 


5) 1 
212 


Coal, 
Lignite. 


5) 
s) 


19,981 
19,609 
19,393 
20,879 
67,740 


5/1,891 
1,109 
2,206 


874 
823 | 


491,028|$2,044,014 

2,279,648 
21 
2.652.153 
3,204,670 


533,463! 
606,783| 


5 


620,77 


$41,602 
22,188 
39,701 

| 35,990 
59,287 | 


6,91 


7,425 |$82,661 | 213,208 st, 285,200 


3| 75,376 | 186,297 | 

88,160 | 183,822 | 

94,016 | 177,119 | 

80,981 | 179,799 | 
| 


30,072 
28, 925 
31,905 
30,799 
30,418 


1,233,200 
1:230,400 
1,110,000 
1,106,167 


Coke. 


Copper. 


$108,258 
104655 
114,859 
110,876 
91,256 


Crude and Old. 


| 2'876) 


64,005 
6 


13,666 | $3,848,849 
15,926 | 3.981.080 
17,443 | 4,706,135 
16,185 | 5,969,925 
18,970 | 7,103,485 


Copper 
and Iron 
Sulphates. 
Mixed. 


Copperas. 


Cryolite. 


Mineral. 


Fertilizers, 


Fluorspar, | 
| 


Bars, Sheets, 
Wir e, etc. 


ae | $30. 302 


Crude and 
Ground. 


coe eee 


6,242,939 


$12,556,256 
10,552,887 
12,524,317 
14,072,800 
19,068,689 


; 


Copper 
Sulphate. 


| $179,995 
| 


Remnants. 


575 


401 
466 
408 
343 


40 let, 440 
a | 5,512 
3,352 

994 

45 J 1,602 


Se 


3,453 | 


265 
211 


275 


342 
342 


2,408 | 
2,880 
1,920 
1,715 


| 
| 
| 
t 


$55,720 
44,194 
58.676 
73,822 
68,550 


y 


7,583) 


8, 120) 
5, phd 


9,657/$115,891 | 

91,001 
81482) 101,784] 4°169 
64.964 
46,200 


3,821 
4.201 


| $19, 707] 
41,344} 
41,809) 
41, ‘947\ 
48, 615) 


4, 958 
5,649 


256 
270 
299 
341 
360 


$40,928 
43,152 
47,840 
54,600 
57,682 


AUSTRIA-HUNGARY. 815 
Gold, 
pom Glass.—Continued. Graphit 
baa Manufactures. Bullion—Kg. Coin—Kg. Old gate PHIe. 
| s 
TBO iS. si stk 8,989 $847,600 | 13,053 $7,759,426 | 30,149 | $16,705,671 5,051 $17,260 697 | $11,241 
NSO cen 8,782 874,800 33,668 20,180,770 | 32,752 17,895,693 23,120 948 | 15,322 
ROB) si aiste 4,008 903,600 487 55,562 | 15,917 8,722,516 11,520 1,109 | 18,159 
ASO9). ie. 4,081 873,400 719 425,887 | 13,850 7,549,419 6,802 815 | 18,491 
1900S ee 8,594 | 779,400 1,858 1,095,441 | 13,012 7,128,515 8,880 303 5,337 
Gypsum. Tron. 
Hydrochloric 
Year. Acid. é 
Burned. Crude. Ore. Pig and Old. Manufactures. 
{ 
1806.5 ic 11,736 1$108,272| 821 | $3,613 529 | $4,230 | 107,018) $531,193 148,217 |g2,057,200 21,910 | $4,258,400 
5 Koi) (Renee 12,101 | 106,487; 980 4,312 G21 5,765 | 184,778; 719,365 | 164,438 | 2,390,800 | 28,876 | 4,582,400 
B08 ss 13,300 | 117,040} 991 4,360 766 6,128 | 178,507| 685,003 173,919 | 2,450,000 | 28,688 | 4,627,200 
1899...... 18,441 | 107,351} 1,336 5,878 350 2,834 | 212.412; 872,189 | 126,871 | 2,575,200 | 23,220] 4,434,400 
1900...... 15,462 | 123,697 1,348 5,055 577 5,076 | 238,156) 999,229 93,530 | 2,363,328 | 21,504 | 4,568,000 
| } { 
Tron ad Steel. ree 
Year. Bars, Sheets, 
Wire, etc. Alloys, Crude. Bars. Litharge. Ore Ret aud 
{ 
SOK cre sis 27,809 | $1,054,000 | 7,221 | $389,940 218 $15,718 233 $17,738 540 $15,774| 482 | $32,809 
BO isciees xe 18,625 698,000 | 5,887 | 336,714 148 11,240 224 16,128 441 14,124) 543 41,108 
n hel is eens 26,421 | 1,003,200] 9,746 | 623,744 153 12,208 280 22,440 459 16,532) 555 46,824 
ite} beara 12,367 604,600 | 8,836 | 636,199 235 20,645 224 18,000 465 20,447) 465 39,102 
1900 ts sr3%s 12,486 659,400 | 7,916 | 696,573 175 18,592 141 12,654 501 | 20,020) 854 | 30,478 
Lead.— Con. fe : a : Nickel. 
agnesium : inera : 
Year. hlori Manganese Ore. Millstones. i 
White. CRHde. Seen: Crude and Old. 
f 
18960... ..% 156 $13,894 - 1,338 $21,288 7,371 | $105,618 | 1,205 | $67,474) 4,362 \gse,876 161 $100,920 
TOO iieieicres 111 9,692 1,530 22,953 8,018 | 121,874] 1,275 71,894) 4,553 | 61,698 | 157 995 
TRS ee see 115 10,589 2,(96 31,442 5,396 69,070 | 1,429 80,018) 4,979 | 68,912 | 187 88,776 
4899). 23. 80 7,397 2,043 82,685 5,855 79,632 | 1,457 81,620) 5,106 | 71,088} 119 78,342 
19003. es: 106 9,789 2,100 83,595 7,016 | 102,434] 1,672 93,604} 4,958 | 67,568 | 258 172,798 
Nickel.—Con. eae i eg es 
Year. Sheet, eae Orch Nitric Acid. ee Ozokerite. Peat Coke. 
Wire, ete. 
NBO OSs sarees 5 $5,344 719 $76,193 21 | $1,159 987 | $65,945 2°0 | $240 2,002 $5,847 
AROT tithe es 7, 7,282 55 6,588 23 1,271 833 | 25,104 2°4 288 2,189 F 
ASOS ers kicrase wise 9 9,172 510 65,267 22 1,260 300 | 19,720 2°5 350 1,511 4,412 
BOG sretacteres tet 11 11,152 198 26,110 39 2,181 526 | 37,100 0°5 vi 2,075 6,000 
LOOOE seiits cians 8 8,716 406 56,896 36 2,005 | 1,029} 84,393 0°2 |° 36 2,664 7,991 
= anes se eae Sa 
Petroleum. Phosphorus and Potassium Salts. 
Year Phosphoric Pyrites. 
Crude. Refined. Acid. Chloride. Chromate. 
1896...... 69,013 |$1,129,002} 17,943 | $521,312 224 | $114,472 | 2,475 | $74,241 34 $5,865 | 50,691 } $243,316 
ASIN co icccasas> 70,578 908,515} 21,249} 592,732 209 99,354 | 2,206 79,382 34 5,814 | 49,462 | 287,417 
1898. ....| 58,580 725,788} 22,299} 684,381 209 97,984 | 2,258 81,281 3 403 | 52,282 | 209,128 
1899...... 75,885 | 1,131,905) 21,823} 707,800 221 108,589 | 3,264 | 228,473 1 154 | 54,844 | 285,187 
1900...... 20,812 173,787} 22,962) 860,783 204 95,855 | 3,633 | 210,737 it 1,680 | 60,317 | 387,776 
tos . Silver. 
Quicksilver. it Silica, Quartz 
Year. Keg. Salt. and Sand. : Old and : 
: Bullion—Kg. Dross—Kg. Coin—Kg. 
Re ner mre 1,300 $967| 53,680 | $214,947) 59,150 | $179,932) 138,420 | $2,887,956} 550 $860 | 5,730 | $187;244 
eoaeeeen 1,000 772| 46,057 | 184,260] 61,532 | 195,158] 99,900] 1,814,184] 1,000] 2,608 | 3,670} 75,944 
y tots Peper 6,300 5,090} 41,870 | 167,520) 70,296 219,200} 15,400 274,131 | 8,000 | 1,680 | 5,470 103,424 
1899...... 2,600 2,423) 37,883 | 151,583] 71,279 282,020) 28,930 527,338| 600} 1,420 | 5,060 | 110,800 
LOO 5 5.13 1,800 1,365) 39,822 | 159,268} 87,980 | 806,714] 29,300 550,661 | 2,700} 2,510 | 8,630 | 196,208 
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Seasons 


Sodium Salts. 
Voar Slag and Slag/Slate, Roofing = 
: Wool. and Other.. Bi-Sulphate. Carbonate. (Calemned) Hydrate. 
| Cabal feiiaee rl ses 
1896...... 240 - $452 | 15,932 | $388,000) 144 | $2,882 57 $690 1,332 $31,963 835 | $28,718 
LEGGE oc 4,717 | 8,868 | 16,758] 406,030; 91 | 1,826 45 1,088 2,787 66,883 | 1,450 49,518 
1898... 3.10% 9,655 | 19,319 | 16,025] 389,200} 89 | 1,784 538 642 2,408 48,451 1,498 51,862 
1899.2... 5,665 11,330 15,562] 379,550] 85 | 1,692 62 748 1,128 23,591 1,669 57,521 
1900...... 4,679 9,358 13,047 | 319,646) 73 1,464 104 1,252 1,141 28,528 1,811 61,142 
Sodium Salts.—Continued. | Stone. 
Year. Litho hi : 7 
Nitrate. Sulphate. : Stone.” uc Marble. Paving. D eieeees se 
ASO se ore 33,086 |$1,323,452| 4,678 | $32,747 | 647 ($25,633 | 2,347 | $28,159] 8,476 | $33,904 87,796 | $290,725 
IES Aeneas 39,600 | 1,584,016) 2,879 20,158 | 524 | 20,739 | 2,383 | 27,995] 16,961 67,843 | 118,848 368.860 
AOR 2. c's 41, 273 1,670,928) 4,476 31,186 | 786 | 31,146 | 2,769 | 33,224) 11,284 44,936 99,193 344.505 
1899-...-.. 47 "301 1,892,060} 5,394 35,060 | 610 | 24,176 | 2,850 | 39,901] 27,067 | 108,270 82,878 304,382 
| LOOO ss. 2/5, 54. 559 | 2,182,376] 5,110 30,659 | 640 } 25,336 ee 43,860] 5,780 23,128 81,347 264,387 
Tin. Zinc. 
Year. Sulphur. Sulphuric Acid. |Ingot, Crude, Whetstones. 
1d, ete. Salts. Metal. 
ABOG 5 5/55 15,221 | $273,978 8,522 $38,740)3,344 | $982,001|27-7| $6,316] 3,851 |$115,609 | 17,539 | $1,408,088 
L807. oc. 21,406 359,942 5,877 58,967/3,467 |1,060,933/22°3] 4,995} 4,151 | 107,929 | 16,599] 1,394,299 
1898... ... 20,655 358,316 9,724 97,389/3,769 |1,318,016/20°9| 5,518) 3,490 90,750 | 17,471 | 1,712,168 
TBO sis si! 28,504 387,938 | 10,245 102,692)3,004 |1,742,610/30°2} 10,570) 3,717 96,645 | 15,225 | 1,887,863 
19003 6.05% 27, "795 444,228 | 10,643 106,717|3,439 |2,214,652/23°9] 9,082] 3,643 94,721 | 17,843] 1,820,080 
Zine.—Continued. Metal Wares Other io cca ea 
Year. Bars, Sheets, Calamine and ; than Iron and Unspecified. 
Wire, etc. Other Ores. White. Precious Metals. 
1896...... 552 $57,714 9,022 | $119,178 590 $59,030 1,979 | $1,483,200} 1,311,950 | $1,462,936 
TSO es cai. 856 37,214 7,863 | 118,222 577 55,790 2,056 1,618,600) 1,557,410 1,731,515 
BOS Kis cere 453 52,461 14,112 259,659 697 59,783 2,121 1,754,800) 1,589,972 | 1,674,265 
1GO0 ne caine 481 70,996 | 12,730 | 254,596 750 74,580 2,292 1,971,600) 1,742,492 1,831,760 
1900 sacs: 667 93,651 | 14,181 | 840,382 875 88,971 2,091 1,755,800) 1,810,524 1,926,710 


(a) From Statistik des Answartigen Handels Oesterr eichisch Ungar ischen Zollgebiets. 


MINERAL EXPORTS OF AUSTRIA-HUNGARY. (@) (IN METRIC TONS AND DOLLARS.) 
(1 crown = 20°3 cents.) 


Rivne Ammonium. | 
Year. Alum. Sulphate and Giionide and mcr ace 
Chloride. Sulphate. Hydrate. : 
TEOGiinvish ces wees daale 47 $1,598 267 $5,332 2,524 1$135,444 70 | $5,165 604 $3,622 
DSO Giese seceniviasiele ene een 70 2,307 210 4,624 4,188 | 198,295 39 2,830 592 8,553 
SOB A eihiretarsesrers crotein araccstines 83 2,729 253 5, 557 4,886 | 229,084 23 1,627 24 4,344 
AQT cate vets babs oie sioais 54 1,822 233 5,319 7,576 | 381,887 41 3,046 34 4,406 
QOD cia Si Sa scote ere wielafernce cero 44 1,506 164 3,434 7,004 | 371,798 82 5,761 942 5,654 
ee Antimony. Arsenic, Asbestos. Asphalt. 
a —— —-]| Arsenious 
Year. Acid, and Manufac- Rock and Mastic and 
Ore. Regulus. Orpiment. Crude. tured. Earth. Bitumen, 

1896...... 218 |$19,.184) 441 $57,291 } 26 | $2,646 48 | $1,995) i0 $8,000 134 | $1,057 | 1,692 | $16,922 
5 AS eee 289 25,467 | 359 45,209} 16 1,629 56 1,644; 19 12,000 102 773 | 2,593 25,930 
TROBE cho 266 28,417 | 679 89,694 | 29 | 38,276) 150 3,567 | 28 22,149 183] 1,413 | 2,126 | 21,264 
1899,..... 562 49,447 | 240 38,384 | 47 | 6,729 7 2,136 | 60 33,202 | 1,143} 9,984 | 2,619 41,800 


TQ00 3:63 247 «| 21,727) 276 89,758 | 65 | 6,883; 47 2,570 | 167 | 56,420) 1,218] 8,589 | 2,177 | 34,826 


AUSTRIA-HUNGARY. 817 


Barytes, Brass, German Silver and Tombac. 
i Including Chloride of 
Year. Manufactured Crude, Old and Bars, Sheets, Cement. Lime. 
Product. Remnants. | Wires, Etc. 
189655. i565 203 $6,693 1,469 |$235,936 399 |$152,030 16,721 $95,291 114 $3,824 
WSOC. eres s (i 2,923 1,699 | 284,197 680 | 269,856 19,786 112,536 111 3,552 
PROS: vise 111 3,620 1,879 | 339,764 839 | 351,178 23,989 135,861 113 3,606 
WROO: x cet-aitte 65 1,161 1,824 21,087 910 | 378,314 88,193 198,606 208 6,490 
1900....... 23 429 1,811 | 422,038 1,256 | 601,749 46,761 243,156 192 6,128 
—_ _ = se, a ) ut: 
Clay Products 
Year. Chrome Ore. Kaolin and Potters’ and Coal. 
Manufactures. Feldspar. Other Clays. 
ABOGisic< gavate ccs oo eres 142 $3,695 | 67,270 |$8,486,400 67,381 | $896,569) 41,276 | $167,104} 658.368 | $2,000,697 
TDCi sreteertites oeaeaiee 153 8,682 55,895 | 3,280,000} 68,609 918,756| 46,968 | 187,872) 701,919 2,133,251 
MSDS 5.5.3 atarats eteiea etic pues 121 2,653 66,005 | 3,404,400} 74,003 991,308] 52,851 | 211,403) 824,730 2,687,796 
NSO ich atatalereieierete Give ve oie 53 1,052 72,104 | 3,524,200) 78,537) 1,055,430) 61,898 | 247,594) 879,236 2,823,766 
HQOO os ate ee er iinte viemiciebis 22 460 | 75,672 | 3,835,400] 103,178] 1,009,855) 66,869 | 168,138} 815,097 | 2,902,527 
Copper. 
i Copper 
Year. Coal, Lignite. Coke. ee Bars, Sheets, Sulphate. 
Ore. | Crude and Old. Plates, ete. 
1896...... 7,562,721 | $9,728,325 116,608 | $620,006 | 12 $397 228 $53,761 189 $59,487 47 $4,221 
n bo 8 (einer are 8,108,975) 10,742,872} 145,056 | 790,594} 0-1 3 159 38,232 180 58,991 14 1.305 
1898...... 8,351,955} 11,749,110] 194,289 | 1,095,885 12 476 173 44,928 266 91,469 29 2,655 
bt) 8,662,788) 12,879,387] 252,971 | 1,481,120 | 74 3,690 534 190,938 298 133,547 66 7,980 
1000. 66% 7,864,409) 13,911,987} 262,798 | 1,707,563 | 801 | 41,626 471 169,560 200 92,152 57 7,081 
H Glass. 
Fertilizers 
Year. - Copperas. Cryolite. Pree 
bat 1 IONS ST: Manufactures. Remnants. 
1896...... 392 $3,133 2 $494 6,567 | $65,667 | 40 $509 | 52,752 | $9,717,200 | 1,638 | $11,468 
TBO Miaieeis.cid 648 6,870 10 2,044 4,498 | 44,979 | 27 385 | 50,082 8,948,000 | 2,086 14,599 
18985 25. <5 539 4,744 23 4,662 4,267 42,673 22 227 | 50,3804 8,689,600 1,904 | 18,326 
1899...... 808 6,384 | 101 22,086 | 3,419 27,850 | 309 3,087 | 55,539 9,978,800 | 2,778 19,403 
1900. ii. s0 748 5,986 | 2387 34,964 | 3,661 29,284 | 45 451 | 57,190 | 10,532,000 | 5,588 89,016 
Gold. Gypsum. 
Year. ; Graphite. Se toe eae 
Ore. Bullion—Kg. peo eomnaes Coin—Kg. Crude. 
W896". .i0 5 45 |$2,912 | 381 | $178,308 131,942 |$232,448 | 23,926 | $18,355,371 | 13,091 |$219,676 899 $3,957 
WOOT sata iere 87 | 2,214 | 239 110,896 119,336 | 352,510 | 83,3816 | 18,824,070 | 14,229 | 228,598 662 2,914 ‘ 
DOOD. sice's 13 810 27 12,528 137,478 | 371,760 | 42,620 | 23,428,432 | 17,109 | 252,235 718 | 3,160 
ABO9) css 67 | 5,336 38 17,632 163,160 | 308,800 | 22,770 | 12,528,500 | 19,451 | 283,771 633 | 2,787 
19G0F cick 1 96 | 298 | 119,200 132,690 312,220 | 20,628 | 11,411,409 | 18,996 | 296,643 502 | 1,506 
Gypsum.—Con. z Tron. 
— | Hydrochloric Tron and Steel. 
Year. “Acid Bars, Sheets, 
Calcined. f Ore. Pig, Old, etc. | Manufactures. Wire, ete. 
18965:..... 1.876 | $12,106 | 1,246 | $10,036 | 214,390 771,804 |11,712 $204,000 | 17,674 |$4,239,600} 12,428 | $870,000 
2 To RNA 1,804 15,875 | 1,489 | 12,089 | 247,856 941,852 |12,084| 243,600 | 21,064) 4,362,400] 17,387 | 1,296.800 
1898...... 2,163 | 19,039 | 1,614 | 13,884 | 302,317 | 1,269,730 |15,803] 261,200 | 22,724) 4,958,000] 23,231 | 1,601,200 
1899...... 1,539 12,310 | 1,495 | 12,706 | 326,951 | 1,503,976 |27,738] 508,400 | 35,299 | 5,241,200} 45,720 | 2.378.800 
1900; 6s 1,728 | 13,787 | 1,659 | 17,090 | 268,421 | 1,211,738 53,426] 1,141,000 | 48,368 | 6,037,200} 56,995 | 3,958,800 
Lead. 
Year. | ease : 
Ash, | Litharge. eee Ore. Red and Yellow White. 
T8967 .5 1... 113 $2,264 597 $47,760 272 | $18,802 | 3,076 | $86,125 83 $2,640 171 $21,888 
BOR. sie 114 3,181 355 28,376 241 15,863 | 2,488 | 78,022 24 2,008 7 6,317 
ABO Bi: sictes 100 3,209 188 16,579 | 545 56,800 | 2,253 | 81,122 45 4,182 55 %,'796 
1899...... 99 8,359 | 188 16,600 258 21,058 | 2,502 | 110,070 45 4,103 40 5,711 


1900...... 66 2,244 | 242 22,245 393 | 35,095 | 3,628 | 99,860 21 1,955 34 4,910 


THH MINERAL INDUSTRY. 


Nickel and 
Cobalt Ores, 


Lime. Nickel, 
Year, | aad and | Manganese | rwinstones. |Mineral Paints.| Bars, Sheets, 
Caustic.) i Wires, Etc. 
1608.7. 76,895 | $351,238 | 701 | $8,696 | 1,831 | $109,842 | 1,700 | $25,826] 273 | $273,640 
1897.01... 83.110 | “379,166 | 622 | 8.214 | 1,773 | 106,386 | 1,621 | 24398; 170 | 145,184 
ee 89,067 | 407,569 | 1,961 | 23,531 | 27109] 126.546 | 2'158 | 321580] 76 | 66,316 
1899.02... 85,570 | 359,486 | 1,127 |. 14,426 | 1,904] 106,613 | 2,061 | 31,533; 38 | 35,908 
1900. 221. 86,273 | 379,599] ‘463 | 6,014 | 1,871| 97,281 | 1,905 | 25,440} 115 | 102,720 


118 | $9.27 
117 11,088 
121 4,808 
7 6,266 
114 9,787 


: Petroleum. 
Year. Nitric Acid. (eee ) Ozokerite. haar eae 
: Crude. Refined. 
TSOG ics. 860 $28,808 { 4,164) $282,414) 5,722 $766,681 2,701 | $7,886 | 1,815 |$20,724 | 28,106 |$397,427 
TSOG i. 6 310 20,902 | 5,997) 381,395) 5,153 762,570 1,655 | 4.882 | 1,600) 15,364 | 13,082 | 213,700 
TROS ose 294 19,884 | 7,252) 465,479] 4,462 696,088 3,400 | 9,929 | 1,076] 10,330 | 3,062] 46,838 
1899.0 5.2. 20 27,313 -|10,113] 760,568] 5,441 859,600 4,010 | 11,710 | 1,823) 21.872 | 7,778) 147,784 
1900s cack 519 33,521 | 7,792) 641,258] 5,162 1,032,320 5,607 | 16,822 | 2,318] 35,622 | 21,070 | 446,324 
| 
Potassium Salt Silica. pier 
Year. Chloride Pyrites. Quicksilver. Salt. (Quatizeind jie ciate 
: Quartz Sand.) Bullion—Kg, 
1896.5... 1,026 | $28,734 341 | $1,842 | 569 | $423,684 | 11,811 | $70,868 |. 32,844 | $98,727 | 2,360 | $42,952 
MOOT orslotercs 1,005 36,166 255 | 1,379 | 529 408, 697 182 1,091 | 31,847 | 94,727 | 4,120 66,250 
Le else eecae 994 85,798 8,039 | 16,413 | 468 878.548 240 1,489 | 39,033 | 117,806 | 4,870 78,310 
IBOOK se 974 35,078 5,201 | 29,123 | 490 456,680 117 705 | 68,412 | 210,142 | 48,240 | 849,024 
190055... 879 31.633 | 17,162 | 102,969 | 492 _ 517,020 | 1,915 | 11,490 | 69,484 | 212,744 | 54,000 | 961,200 
Silver.—Continued. 
EO, — — Slag and Slag Slate, Roofing 
Year. : Old and Dross. Wool. and Other. 
Coin—Kg. Kg. Ore. 
1896...... 182,950 $3,075,482 123,220 $76,952 16 $832 83,187 | $266,200 4,602 | $102,970 
VOT... 114,560 1,681,500 116,700 68,648 (Oye itectnen 65,966 | 131,931 4,581 102,461 
TESS oie 26,130 378,376 121,400 71,280 1 56 75,018 | 180,043 4,97 110,862 
ibe Dengan 15,240 221,732 84,800 180,490 12 _ 468 | 109,180 | 393,048 5,535 124,080, 
ECL UR 17,441 271,729 97,800 25,000 69 4,397 | 125,118 | 450,405 5,205 116,551 
Sodium. Stone. 
Year Raw - Ceatie Patnad 
Carbonate. oe Nitrate, Crude. royaee ayy tren Sulphate. Lithographic. 
HSOGs apiscaic 427 $5,124 2,487 | $59,955 55 $2,306 160 $15,970 | 2.291 | $20,617 6 $285 
| bol ea eae 599 7782 3,372 | 86,074 61 2,562 120 9,728 | 6,910 | 55,281 22 1,115 
1808 sisia\ ish 952 | 18,140 | 2,895} 60,3884 33 1,344 180 12,931 | 7,248 | 58,208 8 405 
OOO eriecen 1,894 25,377 1,502 | 31,534 88 8,593 188 12,565 | 5,716 | 45,853 11 565 
L900 si ses 2,226 82,057 548 | 14,250 35 1,505 117 7,839 | 7,820 | 58,802 7 351 
ee Stone.—Continued. 
Year. |- : WASH Sulphur. Sulphuric Acid. 
Limestone. Marble. Paving. Specified. 
TBO Ee sie. 23,249 | $46,498 | 3,595 | $43,135 | 30,577 | $177,348 | 216,666 | $529,770] 1,231 |$22,822] 6,212 $78,980 
ESD) arslere sat 11,373 | 22,747 | 2,994 | 35,982 | 38,256 | 221,886 | 223,321 528,538 947 | 18,950} 7,903 94,153 
1898...... 25,117 | 50,233 | 2,954 | 35,452 | 54,953 | 318,727 | 252,229 624,070 923 | 18,464] 9,880 97,911 
1809 ccc. 11,052 | 22,105 | 4,096 | 65,542 | 67,212] 389,828 | 239,819 576,265 885 | 17,694) 12,422 144,73 
GOO es. ese ase 13,878 | 20,818 | 3,811 | 60,981 | 58,121 | 282,481 | 197,932 452,164) 1,285 | 25,694! 12,693 149,785 
| 
Tin. : Zine. 
Year Whetstones. 
Ingot and me Sages | Ash. Ash | Metal. 
aay SSE as eee a. | 
1896.52: 130 | $53,761 78 | $25,486 | 281 $60,653 2,035 $69,176} 277 |$18,849 | 1,256 | $95,471 
ABO Taichi 4 20,880 75 25,584 |. 306 66,009 2,323 73,748} 197 | 14,198 770 48,182 
1898.....5 96 21,628 72 26,353 | 324 81,598 2,316 68,730) 298 | 16,677 | 1,184 87,231 
1BOD iiss 167 77,339 V7 40,380.} 273 95,410 2,215 75,803) 7 4.659 | 1,614 154,973 
1900... ... 158 79,3852 | 112 73,590 | 208 85,444 2,270 77,180} 149 9,516 | 1,088 7,032 
| 


AUSTRIA-HUNGARY. 2 Ras 


Leanne aE EER 


Zine.—Continued. 

Metal Wares Other Ores’ and Minerals 

Year. than Iron and chi ified 

Ores. Sheets, etc. White. Precious Metals. GSU 
T8063 ests 9,453 | $151,242 | 1,189 | $126,195 | 1,825 | $158,325 4,362 $2,944,000 45,848 | $628,762 
TSQRec ses 12,914 247,950 993 106,282 | 1,673 140,532 4,486 8,130,800 47,883 680,364 
PBOG ie aserenie 14,065 837,562 57 96,141 | 1,240 114,089 4,841 3,234,400 67,581 914,134 
1899....... 20,461 613,818 | 1,313 211,468 | 1,096 100,823 5,250 4,078,400 82,865 | 1,081,906 
T2006 es 20,379 570,615 619 96,384 | 1,719 158,166 5,828 4,428,600 95,612 | 1,162,759 


(a) From Statistik des Answirtigen Handels des Oesterreichisch Ungarischen Zollgebiets. (b) Not reported. 


MINERAL PRODUCTION OF BOSNIA AND HERZEGOVINA. (@) (METRIC TONS AND DOLLARS. ) 


uy x ick- 

é Cone Copper. Conner Iron, Pig. ae Lignite. Maneecee ee Salt. 

1896} 443) $5,426) 206; (0) (b) | 10,120]$118,063} (6) | 222,724 |$187,870) 6,821 |$45,019| (b) | 13,720 |$384,157 
1897] 396]...... AEs hrciareietats 8,847. | 15,606]........ 37,095 | 229,643 |........ 5,344 | 338,772] (b) | 13,919 | 389,729 
1898} 458)...... TSO |e eee SaTGO slo: 208| civ eisie es 57,985 | 270,752 |........ BiSeOssmcnpss 4°0°114,496:|.. 5 creer 


1899} 200} 3,136} 180}$57,000) 3,980 13,730 181,465 67,030 303,000 | 260,010} 5,270 | 35,800} 3°3 | 15,030 | 465,190 
1900] 100} 1,400] 141] 47,472] 3,008 | 38,960] 531,859]133,454 | 394,516 | 312,447| 7,989 | 45,000) 6°7 15,791 | 480,557 


(a) From Osterr. Zeits., fiir Berg-, Hiitten und Salinenwesen, except the figures for 1897 and 1898, which 
were furnished by the ‘tBosnisches Bureau des K. und K. gemeinsamen Ministeriums.’? Besides the sub- 
stances specified in the table there was also produced: In 1897, fahlore, 40 tons; in 1898, 452 tons; in 1899, 620 
tons. Iron pyrites, in 1898, 3,670 tons. (6) Not reported. 


BELGIUM. 


THE most important articles of mineral production in Belgium are coal, iron, 
lead, zinc, manganese ore and phosphate of lime. Developments in these indus- 
tries are described specifically under the respective captions elsewhere in this 
volume. ‘The official statistics of production, imports and exports are summa- 
rized in the following tables: 


MINERAL PRODUCTION OF BELGIUM. (@) (IN METRIC TONS AND DOLLARS; 5 f.—$1.) 


Manganese Zine Ore. 
Totals. 


Year. Iron Ore. Lead Ore Ore. Pyrites. Blende, Calamine, 


307,081 |$283,564) 70 | $1,610 | 23,265 | $69,004 | 2,560 | $5,370 | 7,070 | ¢71,280 | 4,560 |$48,970 | $479,780 
240,774 | 252,902) 108) 3,230 | 28,372 | 68,540 | 1,828 3,990 | 6.804] 74.340 | 4150] 41/270 | ~44a'e7e 
.| 217,870 | 211,644) 133] 4,301 | 16,440 | 42,300} “147 | “177 | 7,850 | _ 98,262 | 4.125) 51/250 | 407"984 

201,445 | 214,620) 137| 6,540 | 12,120| 31,160} 283] — 380 |c9,460| 171,080 | 3.730] 40/920 | 428°780 
247,890 | 264,020| 230 12,656 | 10,820 | 26,070] 400] 288 jc8,715 | 111,260| 3000; 43/430 | 414’234 


PRODUCTION OF MINERAL FUEL IN BELGIUM. 


Coal. a Coke. 
alue. Profit. a . ] : 
Year. Quantity. ee Number es Ovens, | Number oe 
Metric of Work-| annual} Active./of Work-| ‘Goal 
Tons. Total. |PerTon| Total. |PerTon| men. Wages. “| men. Metric Tons 


21,252,370 | $40,402,020 | $1°90 | $2,179,400) $0°102 | 119,246 | $196 3,555 2,415 2,709,720 
21,492,446 | 44,134,420 2°05 | 3,911,350 y 2 


182 | 120,382 205 | 3,845 2,566 2,968,620 
- | 22,088,335 | 48,578,780 | 2°20 | 4,654,921) °210 | 122,846 219 | 4,028 2,519 2,944,096 
22,072,068 | 54,888,780 | 2°49 | 7,568,600} +343 | 125,258 234 (d) (d) (d) 
23,462,817 | 81,693,960 | 3°48 | 12,453,600} +531 | 182,749 283 | (d) (d) (d) 
Coke— Continued. Briquettes from Coal. 
7 - 
Year. Quantity. ’ ee: ‘ Number | Number Senetene Quantity. MAREE, 
Metric of Works,| of Work- Coal. Metric 
Tons. Total. |PerTon| Active. men. |MetricTons| Tons. Total. |PerTon 
: | 
A896. ccc 2,004,430 | $5,700,599 | $2°84 36 1,334 1,092,340 | 1,213,760 | $2,910,596 | $2-40 
DOO se %0 6 a oie 2 2,207,840 7,572,891 3°43 37 (d) 1,129,791 1,245,114 3,112,785 | 2°50 
CE oaenennc 2,161,162 8,104,857 | 3°75 37 1,191 1,227,720 | 1,351,884 3,623,049 | 2°68 
I BOD en oGras 2,304,607 9.448.889 | 4°10 (d) (d) (d) 1,276,050 4,096,120 | 3°21 
O00 Fs cicene 2,434,678 | 13.098,567 | 5°38 40 (d) (d) 1,395,910 6,574,736 | 4°71 


BELGIUM. 


METALLURGICAL PRODUCTION OF BELGIUM. (@) 


(IN METRIC 


B21 


TONS AND DOLLARS; 5 f. = $1.) 


Iron, Crude. 


Forge Pig. | Foundry Pig. Bessemer Pig. 
Year. Value. Value. Value. 
Quantity. Quantity. Quantity. 
Total. Per Ton Total. Per Ton Total. Per Ton 
VEG6 i crccersssisters 362,451 $3,734,840 | $10°30 84,275 $805,880 $9°56 193,518 $2,284,720 | $11°81 
TSOP sents 426,332 4,653,486 10°91 78,410 912,300 11°63 183,701 2,377,210 12°94 
JfeiowrA one 308,875 8,329,775 10°78 93,645 1,000,720 10°69 178,085 2,243,380 12°96 
ASSO ce asc 0's 817,029 4,071,540 12°84 84,165 1,122,600 13°34 169,664 2,417,210 14°24 
190B a& sin iste 805,344 4,839,754 15°85 88,335 1,480,230 16°75 176,557 3,381,420 19°15 
Sanne Sree Ge ee cc Ge nnn nL 
Iron, Crude—Continued. 
Iron, Manufactures of. 
Thomas Pig. Total Pig. 
Year. Value. Value. 
Quantity. Quantity. Bar, Crude. Rails. 
Total. Per Ton Total. Per Ton 
Ie Oeetiancon 807,779 $3,336,580 | $10°84 959,414 $10,316,180 | $10°75 | 81,394 | $2,030,500 | 1,027 $27,720 
WN Ae gee 333,958 4,001,380 11°98 | 1,035,037 12,144,076 11°73 | 108,608 | 2,801,200 | 1,443) 40,400 
ASOBi sss ose’ 397,89: 4,898,140 12°31 979,755 11,580,970 11°82 | 123,998 | 3,216,770 | 837) 23,350 
Ite reenact 453,718 7,271,640 16°03 | 1,024,576 14,880,790 14 52 (Aa BRR Reese (aA eB eens 
TODO sieieieta «fs 447,271 8,584,636 19°19 } 1,017,507 18,286,040 17'97 (Dy Sel iee stosa acre © (C5 id |RGBooe 
Iron, Manufactures oi—Continued. 
Year, i Lead, Crude. Silver—Kg. 
Sheet and Plate. Wrought. agar a ufee 
189G eee. 112,597 |$3,365,698 851 $50,240 } 298,163 | $7,326,770 17,222 | $1,029,980 28,509 | $637,900 
NWO irene viers 100,252 | 3,148,800 872 47,800 | 263,644 6,834,000 | 17,028 1,101,760 30,073 631,422 
ite lolamnannnoe 91,686 | 2,831,800 993 61,440 | 267,521 7,061,280 19, 330 1,252,420 | 116,035 | 2,477,170 
3 ee Usigepieetoss (GA ae eeiccen ous (Dye ietacrsisielsrerers (Gherlligesunssaons (d Ve Rae Wel ee dee seic (CARs pop sacucs 
NGOs aie coyaiei ere 973,572 | 3,154,126 (QD) aiiiiiars erewsisie.e= 284,591 | 10,846,042 | 16,365 1,395,600 | 145,695 | 3,024, 400 
a Steel. 
PONG ER rag ee tae Satu LN Va ic 0g eae ee ae NN ee 
Year. 
meeplooms. cans Rails. Tires Sheet. Forge. 
TSOG wasehs esete 598,974 |$10,102,490 | 147,183 |$3,174,780 10,497 | $367,670 268,009 | 6,070,020 ; 6,702 | $204,910 
TSO arts arcis 616,541 | 11, 104, 800 | 136, 911 | 3,295,800 | 10,870 427,200 272,839 6,748,400 23,104 586,400 
1898. ces see 653,523 11, 87 fis "040 117,751 | 2,868,960 | 10,953 408,920 814,150 7,981,610 17,902 516,700 
1890. 4.05, (hy cate (RENEE Sar (Oe toe oat: (aes ces | (d) 2 
[G00 ones. UD) F Won artes tects | (Dyer lie eee: (Gy lei eetans (Q)nClie ree. care | (Del oar 
Steel-—Continued. Zinc e 
Year. 
Plates. Wire. Total. Crude. Sheet. 
I89Gisiaiec as 64,653 |$2,216,640 | 22,267 | $591,820 519,311 |$12,625,840 | 113,361 | $9,182,440 | 36,288 $3,244,610 
UBOK ntrieesies 64,366 | 2,354,000 | 19,567 558,400 | 527,617 | 18,965,600 | 116,067 9,936,090 | 37,011 8,450,710 
W898 0% cicce es 87,219 | 2,978,590 19,753 567,620 567.728 15,322,000 | 119,671 | 11,881,660 | 35,587 3,841,190 
18900 (eo. aes (Dhar ae es (Dyer i Gaeieieie core 33, 950 | 19,230,860 | 122,843 | 14,925,770 | 34,289 4,616,950 
L900 ss shearers CO etea liviererciecresrares (0p) eiiticor nee 568,539 20,984,944 | 119,317 | 11,926,230 | 38,825 4,543,800 
QUARRY PRODUCTION OF BELGIUM. (@) (VALUES IN DOLLARS; 5 f. =$1.) 
pee ee ee ene mia Skr Pe eee ee 
epar Flint for Flint and | Mineral 
Barytes. Chalk, Marl. Clay. Fer He Earthen- Gravel for | Paints. 
Year.| mrotrie'Tons, | Cubic Meters. | Metric Tons. Wee ware. Ballast. |"Ochers. 
eters. |Cubic Meters | Cubic Meters.| Gy. Met. 
1896....| 25,000 | $35,000 |191,100 | $66,400 83,020 $84,500 |2,000}$3,200}23,450) $19,160 |244,050 $123,140] 700|$2,800 
1897....} 23,000} 32,200 |204,600} 90,680) 270,715 359,952 |1,100} 1,940/23,050| 17,720 235, 495} 110,819] 350) 1,450 
1898....| 21,700 | 380,880 |287,805 | 136,220 287,805 416,246 |1,000) 1,980|22,150| 17,700 360, 960} 177,700} 290 1,180 
1899....| 25,900 | 36,260 (351,800 | 115,540 | 291,125 398,968 |1,525] 3,350)25,185 20, 690 258, 835} 121, 838 800} 1,200 
1900. 38,800 | 55,100 |377,550| 88,980} 313,205 435,540 tee 3,100|25,700| 21,440 263, 850 124, 798} 300 1, 200 


THH MINERAL INDUSTRY. 


ee res of Gant: Slate. 5 Building Stone—Cubic Meters. 
ime. \ ; el | ie a! s . 
Cubic Meters. Cable Meters. Pieces. Won ee Congion Flagstones. 


Dolomite. Square Meters, 


{ | 

1896. . .| 297,470) $537,320, 418,720 | $162,960 | 35,980,000) 1,150 | $269,500 | 160 | $4,000 21,500| an 131,400 |$91,720 
1897... .| 850,056) 436,762) 559,141 | 237,196 | 41,422,000] 1,445 |. 335,780 | 220 | "5,500 |52’720| 13°908 107,572| 71.646 
1698... .| 156,920} 303,230) 287,805 | 136,220 | 42,311,000] "210 | 350,660 | 180| 4680 [377100] 13°068 170,672 | 157,650 
189. . .| 190,090] 342,180| 627,770 | 241,698 | 44,167,000] 200 | 358,112 | 200 | 5,400 |56°400| 19,838 144,330 | 127,355 
1900... 215,670| 367,164) 653,780 | 250,996 | 43,941,000} 1,410 | 333;210 | 380 | 7,900 |45°000] 13050 158,217 | 143,343 


ST OS 


= Stone. 
Co eee eee aa Ra cae re a wan eee a nec eee 
Limestone 3 [ 
Ss Freestone. Limestone. for Flux. Marble. Paving Stones. Whetstones and 
Cubic Meters, |Cubic Meters. Pieces. Hones— Pieces. 
eae eae 


1896) 152,420 | $2,742,300 | 2,646,305 | $2,143,500] 164,900) $75,360/16,315|$544,680 102,295,950} $1,793,720} 45,850 $6,820 
1897/181,746 | 3,076,924 | 3,010,877| 2,730,730/225.300 89,085/17,797} 471,954] 95,542,700] 1,739,875 43,150 16,740 
1898)215,417 | 8,177,584 | 2,968,997 | 2,580,695/212,685 74,740/16,610| 547,100}108,025,000| 2,016,314] 89,150 22,590 
1899}139,294 | 3,249,146 | 3,288,875] 2,'735,025|195,505 77,956/17,740) 601,170/114,103,900] 2,236,411| 82.100 14,160 
1900) 157,294 | 3,200,248 | 3,228,205 | 3,020,602/229,250] 89,112/15,990] 536,140 107,294,600] 2,192,352} 105,000 15,160 


(a) From Statistiques des Mines, Miniéres, Carriéres, et Usines Métallurgiques, by Emil Harzé. Belgium 
also produced, in 1896, manganese pigeon, 11,391 tons, $154,160; kaolin, 130,960 cu. m., $213,560; and in 1897, 
manganese pig-iron, 12,636 tons, $199,700. (b) Not stated in the report. (c) Includes output of calamine, (d) 
Statistics not yet available. 


MINERAL IMPORTS OF BELGIUM. (@) (IN METRIC TONS AND DOLLARS; 5 f. = $1.) 


Cheniical Products. Clay Products. (0) 
Year. Ashes. Cement. Not Speci- 
peci Common 
Soda Salts. fied. Terra Cotta. Pottery. 
ABO Fees ack 6,747 | $26,988 | 30,565 | $183,392 | 194,202 $11,989,011 | $5,438,285 | 85,486 $629,221 | 2,065 | $103,231 
189% 0. cies 10,870} 43,481 | 17,681 | 113,160 | 181,676 7,419,315 | 6,048,423 | 86,493 | 549,631 2,115 105,756 
1SOB Eee es 8,199} 32,796 | 34,089 | 231,471 152,164 5,033,089 | 6,896,420 | 92,149} 610,058 2,007 104,436 
BOO re ciclscoree 15,818} 63,271 | 18,649 | 128.675 | 249.756 7,996,717 | 6,431,947 | 99,156] 633,955 2,856 102,098 
LODO ees autres 15,428] 61,711 |} 12,773 86,858 | 222,941 7,322,966 | 7,157,219 | 90,852 | 585,216 4,281 127,254 
SEE Ei A ae Ae RAS ane eC) Le 
Clay Products—Con Copper and Nickel. 
Coal 
Year. | Rarthen- : Coal. Briquettes. Coke. 
ware, |Porcelain Crude. 
1896......../c$272,894 |d$177,207 | 1,693,376 $5,249,466 | 1,561] $5,151] 260,273 976,024 15,506 $3,597,466 
1897........| ¢298,535 | 188,434 | 2,017,344 6,455,501 632} 2,212) 269,606 | 1,159,306 14,821 3,556,943 
1 ko le Reena 179,866 345,067 | 2,202,517] 7,268,306 | 1,756] 6,585 180,590 784,590 14,947 5,082,274 
TEI irae can 438,072 233,894 | 2,844,274 | 10,523,814 110,722] 43,960 296,508 | 1,482,540 8,327 3,330,798 
ADO estes ees 430,685 263,241 | 3,288,510} 13,976,167 |21,813] 121,062 289,673 | 1,767,005 13,768 5,507,109 
Copper and Nickel.—Con. Glass and Glassware. Gold (Including Platinum), 
Year. |Hammered, Drawn Common (Bottles, |All Other 
or Rolled. Wrought. |BrokenGlass,etc.)} Kinds. Ore—Kg. Unwrought—Kg. 
TB96. eiesiss | 15100 $321,718 $188,931 6,980 | $213,380 | $541,225 93 $614 4,923 $3,390,962 
LSC esiecis soe 1,418 405,576 193,242 4,699 143,130 COAATGI eck series 3,824 2,633,971 
1B OR eee cts 1,821 765,000 205,705 4,247 99,608 635,021} 8,390 55,374 1,282 883,041 
1800S esse] O74 999,985 226,853 8,757 90,473 651,208 51 337 1,136 782,477 
DOO SS ace --| 2,087 960,164 251,765 5,671 134,352 663,386] 1,250 8,250 1,728 1,190,246 
Gold.—Continued. ie Iron. 
Tron and Te = 
Year. : Jewelry, Guano. Steel Filings. 
Coin. ete. Ore. Pig. 
gS Oe 599,540 $757,507 25,946 | $1,037,846 316 Ek 93} 2,069,676 | $3,932,385 | 824,389 |$3,897,069 
2 Kall Cie eee | 1,726,700 701,585 5,162 185,825 26°4 227] 2,544,377| 4,834,316 | 302,193 | 3,815,918 
tea a aeaarars 372,000 840,593 10,657 383,664 18°0 158} 2,252,553] 4,279,850 | 317,829 | 3,782,157 
1800 ic sian 744,000 965,170 16,111 579,991 | 184°0 | 1,748} 2,621,152] 5,242,304 | 362.458 5,685,163 
19005 5.060 s 459,420 921,624 15,832 569,964 3°0 30} 2,528,615] 5,310,092 | 309,674 | 5,521,417 


BELGIUM. : 823 


Iron.—Continued. Lead. 


Year. Hammered, Drawn| < : Manufac- Lime. 
Old. or Rolled. | Wrought. Pig. tures. 
ABOGriceieeterer 58,802 | $688,668 | 22,812 | $646,150 6,118 | $469,031] 35,221 | $1,937,173 $17,231 11,522 |$22,699 
NBO ii crane acstn = 51,985 | 670,603 | 26,054 792,873 6,336 | 491,296] 43,840 | 2,630,429 91,580 13,184 | 26,236 
TSOB es Siescnts 52,298 | 690,320] 25,470 781,167 | 14,918} 879,347] 54,867 3,489,549 50,728 12,674} 25,349 
O99. avs wc 61,510 | 922,647 | 34,960 | 1,127,656 6,934 | 559,899] 60,649 | 4,184,756 191,508 12,811] 28,184 
L9OO See 6s ars 62,053 | 992,841] 32,783 | 1,138,576 7,933 | 726,074) 58,141 4,767,579 143,040 11,448 | 25,757 
eon a eI eh Resins and : Salt. 
Year. Bitumens, Not 
Crude. Refined. Specified. Crude. Refined. 
W896 scccinresre 95 $1,336 158,979 | $5,405,275 | 216,278 $10,813,881 | 92,408 | $554,449 | 38,'785| $387,852 
b hoy ee a 988 13,831 149,501 4,843,844 | 287,570 11,878,487 | 96,805} 580,827] 39,193} 391,926 
TBS cieaicune« 382 7,446 161,281 5,419,070 | 269,914 13,495,710 | 92,300] 553,804] 50,136] 501,364 
18995. e:arie's's 2,479 49,590 166,404 5,990,562 | 264,718 13,235,887 | 81,3824] 487,945] 50,647) 506,475 
1900 Feces af cyrok 86,77 158,064 5,848,381 | 253,788 12,689,402 | 97,812; 586,871 | 59,375] 593,748 
Silver. Steel. 
Year : < 
Ore—Kg. Bullion—Kg. Coin. dae ey Ingot. pais aoe 2 Wrought. 
1B9G i cate ae 1,476,582|$177,190} 8,980] $233,480} $6,461,840) $415,967 | 28,435 | $561,744 | 15,263 | $479,341] 936 | $233,924 
ABO stares 2,533,237) 253,324)467,851| 9,357,020}e 2,083,940) 460,244 | 25,370] 518,271] 25,869) 834,766]1,147| 286,415 
SOG caress ok 461,914] 46,191/299,369] 5,987,990) 7,655,200} 449,244 | 25,142} 526,442 | 24,761} 805,918}1,018| 256,925 
L899 seco 2,522,950) 252,295] 105,723} 2,114,460] 14,272,080) 520,070 | 11,666) 256,737 | 33,552 |1,088,463 | 1,070} 275,521 
19005 cscs ere; 921,500 aes 11,366] 284,140} 7,324,560) 518,767 | 19,705) 486,587 | 42,580 |1,594,780 | 1,295| 336,038 
Stone, 
Year Building Stone Cut } Sulphur. 
Roofing Slate. | Including Marble | Polished, Paving. All Other e 
1,000 Pieces. and Alabaster. ete. Kinds. 
1896 Bes csrate 38,209 | $152,834} 40,511 $891 287 $61,769 6,163 $22,187 | 81,860| $394,964! 14,399 $403,177 
W890 s. s5 eae. 88,754| 162,765) 47,929 1,054,482 111,318 138,197 | 47,509 |182,950/1,097,417,| 18,261 371,307 
ate ses eomeires 38,216) 198,724} 45,544 | 1,093,052 63,665 8,926 | 37,489 |239,281|1,312,764| 13,822 373,037 
1S erence ec 35,888} 186,616} 49,498 1,484,940 83,372 7,835 | 37,608 |216,231/1,405,392 8,449 236,567 
1900) ciciieeios 34,331] 216,284) 60,057 | 1,801,698 145,736 3,761} 18,053 pds baer 17,516 525,482 
} 
Tin, Tin Plate, Zine. Ores, Crude 

Yéar 2 Not Else- 

: Ingot. od Unwrought. |Wrought. Ingot. Moeac: Buena. 
1896........| 4,617 | $1,662,044 $2,845 8,203 | $243,403 } $27,425 |} 20,182 | 51,614,588 $11,230 $10,227,349 
VEO Goats cet 1,609 7,118 2,684 8,875 294,533 22,972 16320 | 1,387,218 10,661 13,048,392 
NBOB evecacrers 1,208 628,084 2,545 3,848 256,180 29,990 | 17,441} 1,757,108 11,575 13,497,359 
WOO e scctcars 1,113 667,504 4,373 3,900 806,564 46,437 | 11,058} 1,150,063 11,436 17,728,858 
LOOOR acter 1,653 1,090,720 5,540 5,036 433,060 50,829 | 11,478) 1,147,817 12,054 15,451,733 


(a) From Statistique dela Belgique; Tableau General du Commerce avec les Pays, Etrangers, Brussels. (b) 
There was imported in 1897 also slabs of pottery for paving, building, etc., 7,755 metric tons, $172,795. (e) Cor- 
responding in 1896 to 3,668 metric tons, and in 1897 to 3,713 metric tons. (d) Corresponding in 1896 to 824 
metric tons, and in 1897 to 815 metric tons. (e) Corresponding to 52,076 kg. 
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MINERAL EXPORTS OF BELGIUM.(@) (IN METRIC TONS AND DOLLARS; 5 f. = $1.) 


Chemical Products. Clay Products. 

Year. Ashes. Cement. da Sal Not Speci- Terra Cotta. Common 

Soda Salts. fied. No. of Pieces. Pottery. 
re eae rs 1,084| $4,338] 277,615]$1,665,690| 42,857 | $2,298,603 | $6,819,396 | 302,526 | $1,913,054 | 2,628 | $131,304 
180 ee 2,675} 10,701} 822,024} 2,060,951} 59,054 2,202,874 7,236,116 294,815 | 1,773,887 | 3,197 159,867 
18985: e oii: 615} 2,459) 419,132} 2,850,092)}106,252 } 2,718,179 7,800,805 247,970 | 1,497,938 | 3,186 81,066 
199s sarees 400} 1,598] 445,602) . 3,074,655}109,253 | 2,790,617 6,431,947 328,733 | 1,974,565 | 3,216 96,158 
TOUS se ces 2,148] 8,590} 408,284) 2,776,131) 75,492 | 2,272,301 6,592,217 289,759 | 1,742,812 | 5,915 127,254 


Clay Products.— 


THE MINERAL INDUSTRY. 


Continued. 


Earthenware. 


$513,950 
584,532 
640,025 
483,183 
525,671 


Coal. 
Porcelain. 


Coal 
Briquettes. 


Coke. 


586 
264 
218 
264 
261 


$54,332 
45,395 
35,322 
39,759 
37,248 


|4,649,799 |$14,414,377| 459,974 
|4,448,544| 14,236,341| 615,074 
4,579,955| 15,118,851] 666,265 
4,568,938 16,905,071| 525,625 
5,260,991 | 22,359,212] 604,864 


$ 


$3,236,501 
3,910,789 
3,865,114 
5,048,700 
6,547,209 


1,517,914 
2,152,759 909,486 
2,498,493] 878,435 
2,155,062 1,008,740 
3,356,995] 1,073,313 


863,067 


Copper 


and Nickel. Glass 


Crude. 


Hammered, 


and Glassware. 


Common (Bottles, 
Broken Glass, 
etc.). 


Drawn or 


Wrought. 
Rolled. 


$2,714,477 
2,398,659 
2,893,856 
1,866,089 
3,364,241 


$601,277 
570,761 
743,802 
970,882 
964,639 


$168,524 
198,665 
161,726 
261,060 
276,613 


$26,574 
26,468 
37,480 
88,283 
78,004 


Plate. All Other Kinds. 


| $3,468,668} 178,611 
3,761,219| 174,232 
3,007,865] 25,226 
4.942298] 196,842 
4,412,937| 159,557 


$12,194,434 
11,448,839 
3,088,385 
12,558,516 
10,896,039 


Gold (Including Platinum). 


Unwrought—Kg. 


Tron 
Jewelry, Guano. 


Coin. ete. 


8,713 
2,547 


2,557,514 
1,754,374 
817,213 
347,758 
378,151 


$2, 


Filings. 


Tron. 
and Steel 


Ore. 


666,620 
605,120 
578,120 
998,200 
613,180 


75,570 
126,385 
118,897 
118,916 
161,155 


14,633 
14,044 
21,626 
18.213 
14,204 


$585,303 
505,585 
778,542 
655,669 
511,329 


7,025 | $59,007 
534 
407 
239 


389,235 
410,817 
384.047 
318,415 
420,179 


$739,546 
780,552 
729,683 
636,830 
882,376 


4,595 
3,581 
2,270 
1,210 


Pig. 


Tron.—Continued. 


Hammered, Drawn 


Old. or Rolled. 


$1,132,480 
1,325,352 
223.453 
1,418,941 
-1/317,952 


38,465 
42,554 
16,789 
48,304 
35,318 


Lead.—Con. 


Wrought. 


$36,821 
33,286 
16,450 
37,022 
8,952 


546, 


477,218 
520,588 


587,357 
617,666 


Manufactures. 


Lead. 


Pig. 


18,416 
17,590 
23'326 
32,504 
43,736 


$235,725 
226,911 
309,676 
487,557 
699,773 


348,072 
356,835 
234.562 
385,878 
270,524 


$9,072,611 
10,097,254 
4,155,448 
10,955,330 
9,158,530 


43,114 
51,820 
59,054 
65.279 


44,952) $3,497,287 


31,366 
35,988 
40,302 
41,618 
46,566 


$1,725,144 
2,159,293 
2,563,246 
2:871,662 
3,818,425 


3,389,400 
4,151,200 
4,879,020 
6,122,112 


Petroleum. 


Resins and 


Lime. 


Refined. 


Bitumens, not 
Specified. 


$940,110 
1,035,969 
1092/8399 
1,182,186 
1,389,749 


29,321 
18,088 
19.556 
25.970 
21,812 


199 


$996,913 
586,067 
657,067 
934,937 
807,036 


86,906 
92,591 
107,806 
112/392 
97,970 


$4,345,315 
4,629,588 
5,390,353 
5,019,622 
4,898,475 


Refined. 


Silver. 


Ore—Kg. Bullion—Kg. 


Jewelry, 


Coin—Kg. ete, 


$1,287 
2,809 


19,400} $2,328 
423,160) 42,316 
5 


40,118 
57,933 
107,385 
54,358 
38,331 


$1,043,068 
1,158,660 
2,125,700 
1,087,160 
789,619 


16,696} $667,840 
521 | 20,851,320 
327 | 18,088,640 

337,079 | 13,483,160 

32,621| 1,304,840 


$137,137 
189,959 
127,194 
214,175 
103,121 


Ingot. Bars, 


Wire. 


Sheets and Roofing Slate. 


Manufactures. 1,000 Pieces. 


$23,272 
22,302 
19,397 
26,036 
22/798 


179,873 
183,386 
175,249 
155,815 
146,121 


38,306 
37,353 
33,652 
31,194 
28,877 


$4,597,877 
4,842,221 
4,856,964 
4,603,643 
4,854,049 


15,435 
17,304 
16,948 
15,316 
12.836 


$111,130 
138,428 
152.534 
137,843 
100,118 


‘Ston e: 


Building Stone, 
Including Marble 
and Alabaster. 


Cut, 
Polished, 
ete. 


161,298 
187,180 
178,249 
164,952 
171,126 


$1,290,387 
1,591,033 
1,742,491 
2'144.381 
2.224.636 


$922,147 
934,286 
861,015 
948,090 
872.381 


BELGIUM. 825 
Stone.— Continued. Tin. 
Year. Sulphur. : 
Paving. All Other Kinds. Ingot. ee 
S960 setae. 154,737 |$1,197,335 796,231 $3,184,926 5,335 $149,371 1,055 $379,732 $873 
VEG resis tierce 153,504 1,339,421 773,531 3,248,832 6,041 169,157 347 118,089 839 
NBO r.s siaioriae 159,455 | 1,449,530 917,654 4,221,212 6,355 177,960 508 263,982 2,394 
ites taeacucin 150,993 22,793 834,528 4,172,641 6,769 189,533 659 895,479 1,511 
1900 ees ces 178,057 | 1,709,351 | 1,022,780 5,113,904 7,363 220,880 495 326,479 2,902 
Tin Plate. Zinc. 
Vaar = eee 
Unwrought. Wrought. Ingot. Manufactures. Rpeciec: 
TSOGa a so. 3,952 $309,625 $11,750 100,369 $8,029,501 $56,349 $4,236,703 
Ite ASomn ee 1,191 90,545 15,216 100,228 8,519,380 90,749 6,216,589 
TSOB ee a. cis src 973 74,903 10,562 108,507 10,807,313 102,583 7,030,013 
yet) ease oer 1,436 112,831 19,566 101,244 10,529,376 109,762 5,720,528 
LOOD Ke tes 941 80,889 10,221 99,233 9,923,302 98,302 6,690,189 


a $$$, 


(a) From Statistique de la Belgique; Tableau General du Commerce avecles Pays Etrangers. 


CANADA. 


THE mineral statistics of the Dominion of Canada as collected by the Geo- 
logical Survey and the Bureaus of Mines of the various provinces, are sum- 
marized in the following tables: 


MINERAL PRODUCTION OF THE DOMINION OF CANADA. (a) (IN METRIC TONS AND DOLLARS. ) 


tee . Cement—Barrels. 
sbestos an at 
Year. Arsenic, Asbestic. Barytes. Chromite, 
pao Natural Rock. | Portland. 
1897.. Nil. |..ccce-.| 27,617 | $445,368 518 | $3,060 85,450 | $65,893} 119,763) $209,380 | 2,392 | $32,474 
1898. . INGEN rece sreiaisis 21,577 486,227 71 5,258 87,125 | 73,412) 163,084) 324,168 | 1,833 24,252 
1899.. 52 $4,872 22,938 483,299 653 4,402 131,387 | 119,508) 255,366} 513,983 | 1,'796 23,760 
1900.. 275 22,725 27,797 763,431 | 1,207 7,575 123,428 | 99,994) 283,124) 545,626 | 2,118 7,000 
1901....| 631 41,676 34,556 | 1,186,434 592 3,842 | 133,328 | 94,415) 297,066] 535,615 | 1,596 25,444 
woe [ Clay. 
Copper 
Year, : Tile and Coal. Coke. (In Ore, etc.). 
Fire Clay. {Pottery coe Sewer Pipe. (e) (f) 
flee (d) 
1897 1,921 | $5,759 |$129,629) $155,595 $389,250 |3,434,756] $7,303,597) 55,044] $176,457 6,033 | $1,501,660 
1898....} 61,969 5,000 | 135,000) 167,902 166,421 (3,785,408) 8,227,958) 65,721 219,200 | 8,146 | 2,159,556 
1899.... 543 1,295 | 200,000) 220,258 161,546 4,142,242) 9,040,058] 91,463] 350,022 | 6,840 2,655,319 
1900....} 1,129 4,130 | 200,000) 259,450 231,525 |4,837,837| 12,668,475) 142,555} 649,140 | 8,582 | 3,063,119 
1901....} 61,200 4,300 | 200,000) 278,671 250,115 |5,613,689) 14,671,122) 339,043] 1,264,360 |18,581 | 6,600,104 
Year Feldspar. Shar eed Graphite. Grindstones. Gypsum. Tron Ore, 
1897. 1,270 | $3,290 9,380) $6,027,016 396 | $16,240 | 4,148 | $42,340 | 217,392 | $244,591 50,000 | $130,290 
1898.... | 2,268 6.250 | 20,613) 13,700,000 (q) 11,098 (q) 39,465 | 198,908 230,440 52,768 152,510 
1899.... | 2,722} 6,000 | 31,673) 21,049,730 | 1,105 | 16,179 | 4,092] 48,265 | 221,869 257,329 | 69,997 | 248,372 
1900.. AQ) ila sine as 42,008} 27,916,752 | 1,744 | 30,940 | 5,084] 53,450 | 228,614 259,009 | 7 32,103 | 583,158 
1901.. 4,742 | 4,710 | 36,808) 24,462,222 | 1,307 | 28,880 | 5,173} 55,690 | 266,605 840,148 | 75,408 |1,212,118 
Year. | Lead (In Ore, ete.).| Lime—Bushels. Manganese Mica. Mineral Paints. Mineral 
(k) Ore. (Ochers.) Waters. 

BE 
1897....| 17,698 |$1,396,853 (q) $650,000 14 | $1,166 $76,000 8,542 | $23,560 (qQ) 
1898... 14,477 =| 1,206,399 (q) 45 1,600 117,598 2,124 18,600 $155,000 
1B9O%%..\. 9,917 977,250 (q) 279 3,960 163,000 8,555 19,900 100,000 
1900.. 28,654 | 2,760,521 (q) (Qyiclcees eae: 166,000 1,783 15,398 75,000 
1901.. 28,029 | 2,199,784 (q) 399 4,820 160,000 2,026 16,735 100,000 

Vear. Natural Gas. | Nickel (In Ore, etc.),| Petroleum, Crude. | phosphate | Plati- Pyrites 

Kg. é aes (Apatite). | num, vee: 

{ { 

1th ea ons tes $325,873 1,813,321 | $1,399,176} 709,857 | $1,011,546 824} $3,984 | $1,600 | 35,299)$116,730 
1BOS Sha oe 320,000 2,502,808 | 1,820,838] 700,790 981,106 | 665] 3,665 (q) | 29,228] 128,872 
LEO ORES Saran 387,271 2,605,461 | 72,067,840} 808,570 1,202,020 | 2,722} 18,000 835 | 25,117] 110,748 
TOOD SS eaneei cus 417,094 8,212,497 | 73,327,707) 710,498 1,151,007 | 1,284) 7,105 (q) |36,316) 155,164 
LOOMS. a5 se Rout 312,359 3,686,619 | 74,594,523) 588,528 953,415 | (q) |... (q) | 25,645) 113,044 


Pe ee Te ee ey ee ee ee 


CANADA. 827 


Sand and ‘ 
Year. Gravel Sand. Salt. ae vg oe Slate. | Soapstone. 
(Exports), (Moulding.) (n) 
TOO aieccagio ..»» | 118,768 } $76,729 | 4,976 |$10,931 | 46,583 | $225,730 | 172,891 |-$3,323,395) $42,800 142 $350 
BOB sir concise eiatp (Qe alee eee cster 9,591 | 21,038 | 51,839 248,639 | 137,911 | 2,583,298) 40,791 (CoA) Papier ces 
MSGS esses rarsisie rare’ (GC) Relapse nic 12,450 | 27,480] 51,796 234,520 | 95,762} 1,834,371) 33,406 408 1,960 
LOO ere ateikaistare scare (Gye intiteeg ae CQ) 8a eve ste 56,296 279,458 | 138,301 | 2,730,598} 12,100 381 1,365 
VODs sare vo'teccs +» | 179,040 | 117,465 | 18,267 | 29,240) 53,927 262,828 | 158,698 | 2,993,668 9,980 235 842 
sven Pb 
Year. Brick, Flagstones. 3 Limestone roducts. 
Stone, ete. Sq. Ft. Granite. for Flux. Marble, (p) 
Fa eee Peet mae eae rT b $1,000,000 (q) | $7,190 | 9,385) $61,934] 27,371 | $30,258 | (q) |...... $336,197 
eee peat Ge ae ¢8,600,000 | (gq) | 4,250| (gq) | 73.573] 30,766 | 31,153 | (q) |...... 491,660 
WEQO estate coo tao mere srepecjauti eaves 4,250,000 (q) 7,600 | (q) 90,542] 48,265 | 45,662 | (q)|...... 487,271 
rea age ae Se ECRE Ss 4.850.000 (q) | 5.250| ¢q) | 80,000] 48,050 | 89,833 | (q)|.....[e-eeeeeees 
font eee ee. 4.820,000 (Qs bi says . | Cg) | 155,000] 153,719 | 183,162 | (q)|...... 303,126 


(a) From Reports Compiled by the Geological Survey of Canada. (b) Estimated. (c) Includes brick, build- 
ing stone, lime, sands, gravels, tiles, ete. (d) Value of tile in 1897, $225,000; sewer pipe, $164,250. In 1898 and 
1899 sewer pipe is alone reported. (e) Oven coke, all the production of Nova Scotia and British Columbia. (/) 
Copper contents of ore, matte, etc., at the following values per lb.: 1897, 114% c.; 1898, 12,%c.; 1899, 17°61c.; in 
1900, 16°19c. (h) Fine kilograms calculated at $664°60 per kg. (¢) Export returns. (j) Amount of pig iron 
produced from native ore; the total amount of pig iron smelted was 96,575 short tons, valued at $1,501,698. 
(k) Lead contents of ores, etc., at the following values per lb.: 1897, 3°6c.; 1898, 3°78c.; 1899, 4°47c.; 1900, 4°37c.; 
1901, 4°34c. (m) Calculated from inspection returns at 100 gals. crude to 42 gals. refined. The value of the crude 
per bbl. of 35 imp. gals. was, in 1897, $1:42; in 1898, $1:40; in 1899, $1°482, and in 1900 and 1901 when the ratio 
was 100 gal. to 54 refined, $1.62 per bbl. (n) Silver contents cf ores, values for production and exports per 
oz.: 1897, $0°598; 1898, $0°583; 1899, $0°5958; 1900, $0°6141; in 1901, $0°5895. (p) In 1897, includes mercury, 312 kg. 
($324), also sundry minerals, estimated in part and including actinolite and tripolite; in 1898, includes tripo- 
lite, 922 metric tons ($16,660); in 1900, tripolite, 305 metric tons, $1,950; in 1901 sundry minerals estimated in 
part and including actinolite, 482 metric tons, $3,126. (q) Not reported. (r) Nickel contents of ore, matte, etc., 
in 1899, at 36c. per lb.; in 1900 at 47%c. per lb.; in 1901 at 50c. per bl. 


MINERAL IMPORTS OF THE DOMINION OF CANADA. (ad) (IN METRIC TONS AND DOLLARS.) 


Year.| Aluminum. Asphalt. Brass. Buhrstones. | Cement. | Chalk. Chloride Cryo- 
(h) (Ff) Number. of Lime. lite. 


1897. 8 | $5,717 342 $9,012 | $457,342 | 1,499 | $1,827 | $260,842 | $11,826 | 1,361 | $49,368 | 16 |$2,106 
1898..| (2) 7,102 | 6,006 55,164 560,014 889 1,818 376,315 | 14,862 | 1,765 | 55,987 | 17) 2,315 
1899..| (¢) 9,275 | 8,196 95,800 747,557 | 1,116 1,759 480,414 | 14,544 | 1,857 | 50,801 | 50 | 2,120 
1900..| (z) | 12,548 | 2,825 68,748 853,599 | 1,250 1,546 520,593 | 12,212 | 1,967 | 65,224 | 18 | 2,721 
1901..| (¢) | 16,202 | 2,849 7 587 985,776 | 3,641 5,762 675,768 | 16,690 | 1,605 | 54,1386 | 20} 2,158 


Clay Products. Coal. 
Year. ; Earth- Coal Tar. Coke. 
(h) Fe ie Clays. | enware Anthracite. Bituminous. Barrels. 
Dokeutan & China. (b) (6) 


1897..| $165,073 | $59,386 | $595,822 | 1,322,049 | $5,695,168 | 1 
1898..| 168,012 | 72,795 | 674,874 | 1,325,139 | 5,847,685 | 1,735,838 | 3,225,151 | 26,702 | 35,194 |122,527| 347,040 
1899..| 255,287 | 88,517 | 916,727 | 1,583,471 | 6,490,509 | 2,220,725 | 3,736,663 | 39,296 | 54,447 |128,172| 362,826 
1900..| 499,128 | 122,965 | 966,254 | 1,500,863 | 6,602,912 | 2,512,871 | 4,409,318 | 50,484 | 73,874 |170,471| 506,839 
1901..} 551,746 | 141,251 | 1,139,058 | 1,933,283 | 7,923,950 | 3,097,691 | 5,556,253 | 54,928 | 88,093 |808,786 | 680,138 


595,789 | $3,313,826 | 23,661 | $36,942 | 75,596 | $267,540 


os 


Emery Gold and Silver. 
Year.| Copper. Copper | (Wheels | Explo- Flint and Fuller’s dee — 
(h) f) Sulphate. and sives. Stones. Earth. Glass. Coin and |Manufac- 
| Ground). Bullion, tures. 


1897. .| $270,086 | 516 | $40,469 $11,231 | $131,562 | 475 | $5,244 $1,552 $1,139,764 | $4,676,094 | $296,148 


1898..| 867.452 | 738| 57.497! 15.478 | 141.731 | 389 | 5.344 3.330 1,024:706 | — 4,390,844 | 297.242 
1899..| 798,326 |'726| 6f.749| 22.343 | 212,968 | 243 | 2.977 3,418 1,343,058 | 4.705134 | 342,320 
1900. .| 1,271,270 | 752] 871847] 44.882 | 247'511 | 280 | 42342 2.661 1.658.694 | 8,297,438 | 339.145 
1901..| 1,142,771 | 673] 73,190| 39,116 | 306,067 | 250 | 3,626} 3,147 1,584,922 | 3,587,294 | 367,857 


——_——_—— 
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Year.| Gravel and Iron and Kainite. Lead. | Lead Pigments Lime. 


(h) Sand. soe (f) | and Zine White. | No. of Bbls. Litharge. 


1897. .| 19,330 | $25,222 | $11,326,484 $5,984 | $233,125 | 4,677 | $347,539 | 16,108 10,529 546 | $34,538 
1898...) 29,164 | 43,287 16,407,644 1,008 | 335,278 | 5,753 448,659 | 12,850 9,002 519 82,904 
1899...) 27,477 | 42,209 19,768,725~| : 777 | 368,450 | 6,581 514,842 | 15,720 | 11,124 432 82,518 
1900. .| 32,399 | 41,280 27,423,910 : 2,339 822,446 | 6,654 634,492 | 12,865 | 11,211 415 29,176 
1901. .| 35,744 | 42,891 25,062,404 1,281 312,570 | 4,677 | 462,853 | 19,657 | 14,534 557 57,944 


I 


: Potassium Salts. 
Mineral Oils. Mineral Phos- 


, Paints. Ores of Metals. | pp 
Gallons. (Ocher ) sgpeteatst Salineber Saltpeter. 


7,696,258] $614,932 | 298 | $5,533 | 22.021 |g105,072 16 | $8,575 35. | $35,182 | 456 $43,066 
8,175,006) 623,364 | 448 9,428 | 69,766 | 155,583 5] 4,618 82,502 | 627 51,236 
9,708,189) 682,447 | 502 | 10,432 | 61,254 | 153,952 | 1 778 52,177 930 65,186 
8,628,094) 739,266 | 486 | 10,050} 61,580] 282,191] 1 852 64,538 602 52,285 
10,667,755] 872,696 | 865 7,849 | 92,764 | 598,016 | 5| 3,438 59,786 | 581 46,804 


Se Ie 


Quicksilver. | Sal Ammonia. Salt. Silex. Slate. 


$506,728 34 | $33,534 3g $7,258 103,309 $345,587 | 116 | $3,415 | $21,615 
743,607 27 36,425 8 3,721 96,935 826,202 | 141 2,773 24,907 
923,837 47 51,695 5,062 88,373 300,359 | 180 2,595 33,100 
732,675 39 51,987 6,987 92,797 | 325,433 | 182 2,876 58.707 
1,279,617 64 94,564 9,459 98,127 839,887 | 178 2,106 72,164 


Sodium Salts, | Stone and 
Except Marble. Sulphur. Tin. Whiting.| Zinc. 
Chloride. (f) (Ff) (f) 


13,938 | $375,651 | $1'73,822 3,932 | $87,712 | $1,272,600 22,541 | $96,708 
16,026 446,799 189,386 | 17,248 | 373,786 | 1,548,346 25,761 | 136,849 
20,742 476,706 237,543 | 11,121 | 265,799 | 1,370,239 34,310 | 154,440 
16,748 453,733 250,034 9,584 | 215,433 | 2,415,636 84,575 | 167,642 
18,631 509,278 255,550 | 10,827 | 270,608 | 2,334,668 60,878 | 173,899 


MINERAL EXPORTS OF DOMESTIC PRODUCTS FROM THE DOMINION OF CANADA. (a) (IN METRIC 
TONS AND DOLLARS.) 


z Clay Products. Oi Coin 
OLY Asbestos. E a Clay, | Cement. sions, Coal. ane 


y. 5 
Thousands. |M’f’s of. Bullion. 


9,951 |$510,916 y 906 | $5,286 $796 $1,332 $922| 999,789/$3,330,017| $327,298 
16,714) 510,368 } 276 | 1,553 343 609 (Z) | 981,696] 3,273,415/1,045,923 
13,172] 453,176 | 93 707 339 2,789 50) 1,034,963) 3,562,794) 1,101,245 
6 16,478) 490,909 1) 342 | 2,314 215 2,274 1,581,422) 4,771,441| 1,670,068 
219 5,074 | 26,715) 864,573 728 | 5,807 761 8,554 1,888,588} 5,307,060) 1,978,489 


| Glass E Gypsum. Tron 
Coke. re opp ene Explo- |Fertil-) and Graphite. Grind- and 
¢) 


Sives. izers. |Glass- stones Steel, 
ware. Crude. Ground] M’f’s of 


i | 
..| 1,692 $3,802 2,938! $540,439 oa\gze,s78 $36,584 /$7,208! 78 | $3,584 $15,760 162,785 $183,376) $18,710 | $522,988 
8,275} 7,341] 4,203) 832,546) 92) 74.305] 46,864! 7,494| 348 6,428) 18,785) 163,612) 193,515) 2. 606,082 
-| 4,024) 15,684) 3,812)  917,429/151/115.065| 51,224) 11,788) 662 | 12,749! 18,619) 148,525} 166,222 706,411 
../12,558) 33,770) 6,272) 1,387,213) 212|155,764| 51,410] 11,016 1,742 | 30,054) 22/196 211,734] 236,034 1,425,113 
ate Maes apes 11,938}2,655,467|434| 240,535] 37,'706| 13,574 [at48 | 40,099} 38,304)172,010| 185,208) 2 1,432,961 
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M’f’es of Mica. } Ores. 
Year. | Lime. ae ae | Mineral Oils. Nickel in Gold 
(h) and Crude and|Ground,| “allons. Ore, Matte, | Quartz, Iron. Lead. (e) 

Steel. Cut. | ete. ete. 
PoE ORTE a ? | : Sake 
1897.. | $56,720] $41,601 |215/$61,565) $433 | 1,831]  $230/3,415!$498,515/¢2,804,801| 1,198] $2,492! 13,682] $522,327 
1898.. 48,307) | 53,317 |231| 69,513 (é) 9,580] 2,061/6,696) 970,531) 3,587,953) 236) 402) 19,939) 1,008,147 
1899.. 64,112) 34,532 |538) 148,239 (2) 4,268) 1,194/6,545) 994,537) 3,272,702| 1,677] 4,968] 15,448} 895,349 


1900..| 77,325) 68,610 |487| 136,332 20 | 17,984) 2,660)6,120)1,040,498|14,148,543| 3,925) 7,689) 8,995) 678,859 
1901..| 83,489] 136,357 |406} 146,848) 2,740 | 19,942] 2,003)4,827| 958,365/24,445,156 Se ee 29,747)2,512,061 


Ores.—Oontinued. ’ 
Stone : 

Year. Phosphate | _pyrites. Salt. | Sand and Slate. | “ana |_Tin 
(h) Manga- | silver. (d) | Of Lime. Bushels. | Gravel. Marble.| M’f’s 

nese. 

{ 

1897... 73 |g4,si8 127 92,613,173 21 | $275 |14,219/$29,403| 4,702] 1,168/171,057! $75,184} (é) |....|  $4,983/$2,764 
1898..| _7| 1,371|211| 8,519,786] 232 | 1,090 |18,752| 221,564] 5,559] 1,139|150,270] 80,9521 (z) |....| 61,080] 5,578 
1899..| 24 882/137 | 2,630,281} 781 | 9,290 |11,707| 27,377) 5,209) 1,518/162,509) 93,492] (2) |....| 66,516) 3,159 
1900..| 57} 2,521| 71] 1,354,053] 135 | 2,285 |13,507) 32,499/15,151} 3,458/227,942| 102)151] (2) |....| 240,104] 3,472 
1901..| 36] 1,945)152| 2,420,750) 6 | 120 |22,146| 54,357/56,461 | 11,238]197,065| 108,509] (a) |....| 128,089] 14,481 


(a) From the tables of the Trade and Navigation of the Dominion of Canada. The imports figures are for 
home consumption only. The exports are those of domestic produce. (6) Including coal dust. (c) Repre- 
sents fine copper contained in ore, matte, regulus, etc. (d) Silver contents of ores. (e) Represents lead con- 
tained in ore. (f) Includes manufactures. (g) Includes alumina. (h) Fiscal years ending June 30. (i) Not 
reported. 


MINERAL PRODUCTION OF BRITISH COLUMBIA.(@) (IN METRIC TONS AND DOLLARS.) 


s Gold—Kg. 

8 Coal. Coke. fois: |) Lead. Silver—Kg. 

bi Lode. Placer. (b) 
1897} 896.980) $2,648,562) 18, 116)$89,155] 2,415 | $266,258) 3,301/2,122,820) 798) $513,520/17,618) 1,390,517 170,207 8,272,836 
1898]1,154,039] 3,407,595|35,560) 175,000] 3,298 | 874,781) 3,423/2,201,217| 1,600) 643,346]14,376|1,077,581 133,200) 2,375,841 
1899]1,314,838] 3,882,396/34,799) 171,255] 3,503 |1,351,453) 4,302/2,857,573] 2,092/1,344,900] 9,917) 878,870} 91,425] 1,663,708 
1900}1,462,629) 4,318,785/86,511|425,745) 4,535 |1,615,289) 5,199)3,453,381] 1,989]1,278,724|28,'739) 2,691,887) 123,112) 2,809,200 
LOOUT SSE ABB LBS TAG B0 ss secilinrscieis sicil's werwess | iste etuieiaie nlieareioca'| wiesetevess aPeiloxe eietes live ote% POR a ERS tie Rea 146,429} 2,762,230 


(a)From the Annual Reports of the Minister of Mines. (b) Attention should be called to the discrepancy 
between certain of these figures and those of the Canadian Geological Survey; practically the total production 
of lead in the Dominion is from British Columbian ore. 


MINERAL PRODUCTION OF NOVA SCOTIA. (@)(d) (IN METRIC TONS AND DOLLARS.) 


Year. Coal. Coke. |Copper Gold.} Grind- Gypsum. Tron | Manganese Sle Tripoli and 
(c) Kg. | stones, Ore. Ore. stone. Silica. 
TSOUS cose 2,358,051 | 45,'720 (b) 827 | $32,400) 126,500 (b) 48,852 |102)  (b) 25,800. Seai seve 
1898...... 2,317,957 | 42,672 (b) 967 38,000) 183,096)......... Sinaia |e Olcnhcs ccs A OSM cco at ofthe J 
A899 ets en 2,684,610 | 56,372 (b) 864 50,000} 142,240]......... TG 428s LOS cce ss 32,512 810 
VO00. sees 3,290,057 | 62,992 (b) 945 56,500) 124,287)......... VO 7007 Bl coke ee |) 805800 998 
WOOD ces 3,684,581 | 121,960 (b) 954 BIB) ABT Ba2|s vcsres xs 426,420 | 10]......... 97,359 813 


(a) From the Annual Reports of the Department of Mines of Nova Scotia. (b) Not stated in the official 
reports. (c) For the fiscal year ending September 30. (d) There was also produced in 1899, 400 net tons of copper 
ore and 835 tons barytes; in 1900, 783 net tons barytes and 600 tons copper ore; in 1901, 600 net tons barytes and 
90,034 tons pig iron. 


MINERAL PRODUCTION OF ONTARIO. (@) (IN METRIC TONS AND DOLLARS.) 


Clay Products. 


Year.| Arsenic. Bricks Commen: Brick, Pressed.—Number. totes isha sae Milbccione seas 

Number. Plain. Fancy. Drain. Roofing. 
ae 7 bee 

1897..|Wil.|...... (g) seeeeees| 7,148,908 | $53,727 95,000 | $O;350) (oye | (Gy vcanees «| (g) | $73,551 

1898..|Nil:|...... 11'70,000,000} $914,000| 7,754,868 | 87,894 (Dye pees | $155,000 | 22,668/ $225,000 | (g)|........ 

1899..| 52/$4,842/233,989,000) 1,313,750) 10.808,000 | 105,000 (Oe Riis pee 101,000 21,027) 240,246} (g)|...0+. 

1900... } 275) 22,725)}240,430,000) 1,379,590 14,271,600 | 141,369 (b) |..-++-..] 207,449 | 19,544) 209,788 | (g)|.......- 

1901.. | 630)/41,677 #025, 000|1,580 480/16, 68,000 141,394 (b) | epicieide 198,950 | 21,592) 231,374] (g)|.....6- i 
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Cement—WNo. of Barrels. Jie Oe Gypsum, | 
Year. Copper. | Ore. Metal. Graphite. Crude and | 
Metric Tons.| yet. Calcined. 
Natural Rock.| Portland. Tons.| Kg. | Value. Metric Tons. | 
eae Eee pose eas RE 
1897......004+ | 84,670} $76,123} 96,925]/$170,302|2,495/$200,067| (g) | 354°9)$190,244] Wil. |.......... 1,568)$17,905 | 
1898.... -'| 91,528) —74,222)153,348| 302,096|3,798} 268,080} (g) | 505°8| 275,078 272 | $6,000 | 2,722) 4,000 
1899... 139,487) 117,039)222,550) 444,227/2,571| 176,287) (g) |1,164°8) 419,828] 1,107 | 16,179 | 1,089] 16,512 | 
1900.. - {125,428 « 99,994 |306,726] 598,021 |3,052| 319,681! (g) | 588°7] 297,861] 1,635 | 27,030 993} 18,050 
1901.,..,,.... }188,628} 107,625/350,660| 563,255/4,117) 589,080} (g) | 446°6| 244,443 907 | 20,000 | 1,410) 13,400 
\ 
e Tron. & - ey Petroleum. 
= ; Lica. aturai ICKCL Le eC eeee 
& ao Pig. Lime—Bushels. | Metric Tons. | Gas. | Metric Tons. Imperial Gallons. 
: ») 


1897{ 2,507} $4,689) 21,783} $288,128 (Peo Gli sens 05 KG) eAlaecsereipne $308,448 }1,813] $359,651 |25,556,591 (g) 
1898) 24,865) 48,875) 43,775) 530,789} 2,620,000] $308,000} 31 | $7,500] 301,600|2,071| —514,220/26,978.977 (g) 
1899} 15,342) 30,951) 58,740} 808,157} 4,342,500] 535,000} 241 | 38,000] 440,904|2,605| 526,104|23,615,967 (g) 
1900) _81,921/111,805} 56,596] 936,066] 3,893,000) 544,000) 552 | 81,550] 892,823/3,211} 756,626/23,331,783| $1,869,045 
1901 247,303) 174,428|105,599] 1,701,703| 4,100,000) 550,000) 887 | 37,219 | 336,188 |4,030] 1,859,970|21 433,500 1,467,940 


Petroleum.—Continued. 


Refined Products. (h) Salt. 
Year. ——]| Metric Tons. 
Iluminating Oils. | Lubricating Oils.| All Other Oils. { Paraffine Wax. |(e) Fuel 
Imp. Gals. Imp. Gals. Imp. Gals. (c) Metric Tons. Bias 

1800... 10,891,337]$1,131,083] 1,959,810] $199,755) _ 949,341] $77,340) 970-4] $88,878 $281,035 | 49,611 | $249,880 
1898. .+... 12,281,622] 1,243,490] 2,043,226] 202,150 1,240,967] 121,840] 1,186°6| 116,349| 286.705 | 53.874 | “27s'886 
1899...... 11,697,910] 1,059,485) 2,087,475] 189,294] 1,394,530) 148,963] 1,266°8| 136,066 218,544 | 511143 | 3177412 | 
1900.0... 11,783,755] 1,076,242) 1,980,428] 232,805) 1,463,599] 174,346] 2,086-4) 184,718 200,934 | 60,408 | 3977477 | 
POG a pale geet ae ae ats, eee rset feereeess Jovseteeseseereees 54,744 | 823,058 

; : | 
Silver. Stone. us Total 

Year. Aes ee Sarre Total ees Value. (a) From the Annual Reports of the 

g. alue. | Value. | (f) Bureau of Mines of Ontario, Toronto. (b) 

Quantity and value included with that of 

MOUS 5k BOR ES TON tee el ee: | $35,800 | $3,899,821) Plain pressed brick. | (c) Comprises benzine 

1898....| 93,717 |2,093°5| $51,960 | $750,000, (b) 7,201,801|| and naphtha. (e) Comprises gas and fuel 

1899....| 138,356 |8,280°4| "65,575 /1,041,350/ (b) «| 8,785,251|| Oils and tar. (7°) In 1898 total includes 621 

1900....} 180,685 |4,905°9] 96,367 | 650,342; (b) | _9,242,044|| Metric tons carbide of calcium ($34.447;. In 

1901....} 147,948 4,916:2| 84,880 | 850,000] (0) _| 11,822,525) 1899, 5,300,000 paving brick ($42,550): 965 

metric tons carbide of calcium \($74,680): 91 


. ——————— metric tons of tale ($500); and 1,089 metric 
tons of zinc ($24,000). In 1900, 454 metric tons zinc ore ($500); 3,211 tons steel ($756,626); 3,629 tons feldspar 
($5,000); 907 tons talc ($5,000). In 1901, 1,361 metric tons zinc ore ($1,500); 13,131 tons steel ($347,280); 4,628 tons 
feldspar ($6,375); 363 tons talc ($1,400;) 6,352 tons iron pyrites ($17,500;) 485 tons corundum ($53,115); 2,515 tons 
‘carbide of calcium ($168,792); 473 tons actinolite ($3,126). (g) Not reported. (hk) One barrel of crude oil is reck- 
-oned at 35 imperial gallons, and 1 barrel refined at 42 imperial gallons. 


CHIE. 


THERE are no Official statistics of mineral production in Chile. The exports 
and imports are summarized in the subjoined table. With respect to the most 
important articles of mineral production, namely, copper and nitrate of soda, 
the exports practically represent the production. This is also the case with 
respect to iodine and borate of lime. 


MINERAL EXPORTS OF CHILE. (@) (IN METRIC TONS AND CHILEAN DOLLARS. ) 


Year.. |Borate of Lime. Borax. Clay. Coal. Cobalt Ore. Copper Matte. 
ibs aBGes 7,486 $374,294 CO) aia ese 40 $600 | 204,858 | $1,434,253 (CO) ie sal lesen: Gators 2,528 $284,897 
1897....| 3,154) 283,77 14 $2,860 20 998 | 243,968 | 1,869,310 6:0 $312 2,519 251,915 
1898....| 7,028) 1,124,509 6 3,891 (OY i's Totes 282,663 | 4,239,943 | 18:2 1,817 3,079 861,999 
1899....| 14,951} 2,242,618 14 7,214 20 1,000 | 241,995 | 4,839,900 | 55°0 8,181 1,710 684,965 
1900....| 18,177) 1, ‘B17, 676 27 13,314 | Nil. |....... 825,042 | 3,900,460 | 26°8 4,027 4,838 | 1,935,165 

J 

a ae and Silver| Copper, Silver Copper Ore. Copper and Silver Cope oe Co 2 in Bars 

Matte. and Gold Matte Ore. Ore Ke: Bren ; 
} 1996....| 1,059 | $213,115) 7-6 | $1,520] 6,159 | $307,943} 62°3] $9,462 | 29.542 |$2,954 | 20,592 | $5,148,015 
. 1897....| 904 | 878,840| (b) |........ 3.396 | 169,810] 161°8| 25,455 | (b) |........ 19,011 | 5,220,199 
1898.... 419 167,556 | 17°8 | 29,183 20,301 | 2,022,730 70 17,892 | 5,733 | 1,800 | 20,600 3759,493 
1399....| 1,094 | 546'880| 93-0 | 37,162 | 35.854 | 3,585,443] 184:0 | 36,799 | 12,000 | 2,688 | 17,811 i. 928,273 
1900..../ 1,918 | 1,150,836 | 241°8 | 145,067 | 20.213 | 2,021,267} 238°5 40,722 360 90 | 20,340 | 17,899,200 

‘ rae : Lead and 
Year. Fire Clay Gold Bullion. Gold Ore. Iodine. Iron Ore. Argentiferous 
: Kg. Kg. Lead, in Bars. 
| ; 
| 
DBOG es csilice CON aie aliera sagem attic 1,061°3 | $849,036] - 367 | $73,475 | 206 | $2,063,950 | ) aeeaeeteress 594 $59,415 
1897....| 8,200 $82 | 1,131°7 905,168) 64 28,585 | 243 2,429,370 | $256 | 369 66,696 
1898....| 30,44¢ 1,218 | 1,630°5 | 2,445,735 8 2,554 | 235 3.169, 570 | °) KR Gal esap aks 13,596 
ABO eres NG lax: lie, clarence | 1,625°0 | 2,461,234 12 6,051 | 304 4,108,427 (OWE karate te jaan fal 34,221 
1900 Ibe ole vcatervise 1,871°1 | 2.806,698} 12! 57,468 | 318 4 043, BT rite (O)Es| tater cores tate | 14 6,706 
| - 
Year. Lime. Manganese Ore. pean Chile Saltpeter. Silver Ore. piven Gold 
3 | 

‘ 1896 4:0 $80 | 26,151 | $261,515 | $700 1,111,757 | $43,931,667 |2,750 |$1,257,870} 666 | $130,182 
1897 0°8 24 | 23.529 | 1,411,648 | 20,300 | 1,057,640 | ~37.461,559 | '984| "434/231! 260 | 46,681 
1898. 0°'7 21 | 20.851 447,028 | 1,400 1,294,227 90,675,297 | 284 205,386} 269 57.635 
1899.... 1:0 42 | 40,931 | 1,227,922 64,521 1,380,718 96,650,282 | 302 247,597; 370 129,416 
1900... 0°3 10 | 25,715 761,406 3,550. 1,465,935 | 109,945,156 | 225 130,947| 217 34,249 


THH MINERAL INDUSTRY. 


Silver-Lead Ore. |Silver Sulphuret Ore. 


Silver, in Bars, etc. Silver, Old. 
Kg. Kg. 


| 151,226 | $4,183,108 988 $19,754 ; $83 160 $418,785 
143,541 3,781,125 443 : 636 183 338,062 
139,756 6,987,816 55 : 1,557 290 434,740 
75,899 3,791,589 (b) ; 4,844 339 1,017,110 
45,623 2,506,497 140 By : 218 172 863,332 


(a) From the Estadistica Commercial de la Republica de Chile, Valparaiso. It will be noticed that the 
values reported vary widely for the different years. This is probably to be referred to the fluctuations of the 
currency standard. (b) Not reported. 


MINERAL IMPORTS OF CHILE. (@) (IN METRIC TONS AND CHILEAN DOLLARS.) 


Bitumen for Copper. 


Pavements. 


Brass. Cement, Roman. Coal. 
Sheets. For Various Uses 


190 | $38,901 $36,776 | 18,236 | $365,550 | 574,063 $9,780 | § $15,473 
254 52,198 50,518 | 14,4381 | 326,395 | 683,196 | 5,462.95 9,484 29,853 
237 55,892 26,206 | 18,205 | 365,129 | 513,421 28,333 : 
83 52,473 16,905 | 676,199 | 656.202 73,965 44,002 

84 62,938 il. 16,166 | 646,588 | 623,527 ¢ 57,343 


Copper, Earth for Smelt-| @ojq Coin. 


Sulphate. | ing Furnaces. BarsandIngots| Hoops. |Sheets, Ungalv.| Sheets, Galv. 


| 
134 | $18,855 | 177 | $3,980 | $392,900 | 16,506] $772.723]1,198 $84,794 4714 | $375,948 5,97. | $719,721 


111 16,643 69 1,386 13,970} 698,611/1,452) 101,605 99,985 | 7,912} 942,440 
85] 10,737 | 100 8,542 7,604) 354,592) 802) 63,948 153,732 |10,757) 1,292,176 
218 | 65,358 30 1,785 iL. 10,223) 1,256,190} 404} 54,268) 2,283 | 282,353 | 9,948) 1,377,248 
188 | 56,312 25 1,178 1B 8,224} 870,768) 913) 120.831 234°995 } 3,837, 525,250 


Lead, Bars Salt. Silver. 


Quicksilver: 
nia Shaata: Quicksiiver 


Common. Refined. Bars—Kg. Coin. Ore. 


194 | $27,750 | 106 | $106,277 | 3,192 | $23,042 | 246 | $12,116 | 37°3 | $954,255 | $112,430) | 58) 21,3838 
525 | 73,519} 54 54,350 | 7,811 | 53,486 | 353) 19,077 89,853 40} 14,6400 
281 37,832 | 40 39,758 | 13,179 | 90,742 | 320) 16,191 36,930 9 38,0300 
118 | 28,339) 15 44,435 | 1,543} 30,865 | 101) 10,111 : iL. 21 5,4555 

70} 16,742| 21 63,306 397 7,971 | 38] 3,828 al. 1 6555 


Sod tic,| Steel, Bars ; “ Whiting and : 
oda, Caustic Shoots, Sulphur Tin. Gypsum. = ae 


++] 2,111] $123,102 $857,400 | 1,679 | $100,961 | 804 |$113,046 | 796) $20,674 ¢ 309 | $55,830 
-++]| 2,570) 149,222 422,078 | 1,775 | 110,742] 506 | 71,648 | 1,492) 47,831 815 
--+| 2,604) 155,026 268,181 | 2,655 | 157,671 | 608 | 82,149 | 492) 13,683 | 24 252 
seee} 2,796} 341,760 166,263 | 8,317 | 331,725] 51 | 58,173 | 466) 22,028 | 73 282 
+1 1,185! 141,461! 1,686 | 203,633 306 80,624) 45 57,059) 410} 20,192 |104 } 33,183 79 


(a) From the Estadistica Commercial de la Republica de Chile, Valparaiso. 


CHINA. 


THERE are no official statistics of mineral production in China. The exports 
and imports as reported by the Imperial Maritime Customs officials are sum- 
marized in the following tables: 


° 


MINERAL IMPORTS OF CHINA. (@) (IN METRIC TONS AND DOLLARS.) 


p Copper. 
Chinaware, HH 
Year. Brass Wire. Cement. Fine and Coal. Colors. Bar, Rod, Sheets, 
Coarse. Plates, Nails. 


1897....| 1383°6 | $33,915 (b) $79,056 | 401°3 |$109,119 | 558,149! $2,658,722 2,185 °6) $138,723) 499°6 | $108,317 
1898....} 183°2 | 46,116 | 18,342 323,947 | 379°1 | 92,522 | 742,296] 3,696,434] (0b) 130,359} 393-7 84,244 
1899....) 141°2 46,881 14,401 278,479 | 510°0 | 134,329 | 873,080} 4,669,570 | (0) 210,856} 250°9 80,690 
1900....] 126°9 | 39,603 (b) 112,437 | 481°6 | 79,419 | 878,273] 4,791,312 | (b) 221,625] 351°3 126,213 


1901....| 94°8 | 28,629 (0) 72,444 | 853°2 | 44,012 | 1,171,882] 6,013,679 | (b) 179,348} 80°2 33,584 
| 
Copper—Continued. Glass. 
Year. | Slabs and Ore : Wares Flint Stones. : 

Unmanufactured Wire. Unclassified. Window—Bozes. | Wares. 
1897....| 2,525°8 | $606,602 | 79°9 | $20,743 34°4 | $13,975 | 2,652°9 | $30,707 | 138,553 $335,532 $238,784 
1898....| 1,817°7 | 429,702 | 80°6 21,718 23°0 8,382 | 2,868°7 | 32,339 93,409 222,611 247,538 
1899....| 1,191°4 | 402,058 28°7 9,567 61°6 29,247 | 2,010°0 | 23,826 | 116,896 350,272 264,948 » 
1900... .] 1,083°5 | 895,649 69°4 25,386 95°9 46,863 765°5 | 10,836 | 100,021 282,492 240,612 
1901 620°4 | 222,892 47°5 16,917 69°5 80,042 | 2,589°1 24,379 73,147 203,510 367,585 

i 
Tron. 
Year | | i ig h 
Bar. - | Hoop. Nail-Rod. Old. se ee e Piste, 
1897....} 6,367°9} $209,284 | 14 ,480°8 | $54,326 | 11,611°4 $353,935 | 32,881 | $587,278 | 1,458°5| $36,678) 3,489°6 $164,302 
1898... .] 11,309°6} 852,081 | 1 ,923°3| 70,683 | 2) 253° gf 643,671 | 43,018 798,206 | 10,179°2} 280,540) 4,709°2| 215,454 
1899....} 8,518°8} 384,114} 1 211° 9} 51 004 12, '837°8 505,612 | 38,599 760,297 | 2,780°3 us 3969) 6,595°2 370,908 
1900.... 7154-1 308, 454 | "980: 8 50.736 7 4772) 310,833 | 26,570 601,476 | 1,301°8 7,048 | 8,619°3 | 561,117 
1901...°.} 12,056°4 508.271 ae 57,781 | 11,534°1) 448,170 | 29,077 636,244 oe ao 113| 4,154°3| 252,448 
Iron— Continued. Lead. 
Year. Jadestone. Machinery 
Wire. Desa Pig. Tea and Sheet. 
1897....| 2,529°1 | $163,455 $299,645 227°5 | $174,467 7,709 $494,721 102°2 $7,271 $1,956,051 
1898....| 2,968°0 184,461 334,550 249°5 135,311 8,832 587,558 101°2 7,500 1,231,031 
1899....) 2,984°7 188,990 490.551 221°5 115,768 9,342 708,030 | 109°4 10,440 1,114,382 
1900....| 2,192°7 175,182 572,847 164°7 91,941 2,199 410,591 | 130°2 15,060 1,087,568 
1901....} 4,158°5 273,717 564,575 217°4 110,706 7,658 524,298 | 460°9 44,356 878,880 
1 
( 


THE MINERAL INDUSTRY. 


Metals, : . Petroleum—Liters. 
Unclassed. gee Deen (Refined.) 


$197,659 37°0 | $23,334 $457,603 451,387,582 | $9,575,378 
247,245 67°9 | 43,892 513,659 366,728,870 | 8,340,289 
260,873 | 104°3| 49,560 580,541 353,653,228 | 9,491,199 
488,608 75°8 } 49,931 401,338 334,320,096 | 10,466,685 
276,237 63°7 | 50,970 522,306 524,474,024 | 12,451,298 


Quicksilver. Spelter. 


$169,636 
71,684 
78,045 
15,495 
9,531 


He OL OTS OF 
Hr ROOM 
SIR ORC 


Steel. Tin. zs 
White Metal. |_, Yellow Metal. 


: Vans ar Bar, Rod, Sheets, 
Commen. oie ste Plates. Slabs. (German pilver) and Nails. 


$198,455 | 711-4 | $22,223 | 3,543°71$209,447 | 4,128-9] $1,396,302] 241-4 |$122,901 6 | $317,137 

183,523 | 9,109°9 } 232,763 |6,775°6) 393,620 | 3,198°5} 1,131,619} 230°4 | 116,859 4 

323,886 | 8,699°2 | 326,589 |1,121°7| 76,264 | 2,292°4| 1,068,765] 162°6 | 84,989 2 

274,077 | 6511-1 | 282,452 | 2,032°9) 225,471 | 3,829°7| 1,429,993) 155°7 | 94,038 6 
0 


216,559 | 7,973°2 | 251,909 | 4,962°4 peel needie 2,039,361} 176°2 | 100,577 


RE-EXPORT OF FOREIGN GOODS FROM CHINA. (a) (IN METRIC TONS AND DOLLARS.) 


: Glass. 
Copper, Bar, Rod 
Cement. Chinaware. Coal. Colors. Sheets, Plates Window. 
and Nails. Boxes. Wares. 


147°0 |$1,935! 0- 47,254 | $233,561 33°8 | $8,578 5°08} $1,008 | 1,024 |$2,580 | $1,992 
122°4 |} 2,088) 0- 55,238 | 284,501 (b) 5,880 |(d) 1°93 517 | 1,873 | 3,459 2,675 
57°6 889) 0° 64,269 | 347,305 (b) 7,997 |(d) 6°42) 2,275 633 | 1,901 2,014 
(b) 123} 0° 6 54,203 | 267,513 (b) 4,734 |(d)27-09| 9,795 | 2,310 | 6,705 3,141 
(b) |20,744| ( 65,053 | 309,777 (8) 4,384 |(d)72°36| 17,454 | 5,460 | 15,292 1,536 


Tron. 


Year. |Bar, Hoop, Nail-Rod | Lead—In Pigs 
: 5 NOC : Wares, Se Metals, 
egy oa te Old. Pig and Kentledge. Unclassed. Unclassed, 


$69,655 $5,098 1,181°6 | $33,774 
57,249 7.467 VOT-1 19,650 
57,314 7,185 2,860°1 67,177 
62,097 6,513 244°4 5,352 
49,596 6,394 171°8 8,614 


ic ; Petroleum—Liters. ioksilver 
Nickel. Paints. (Refined.) Quicksilver. Spelter. 


$15,996 1,982,607 |$42,628 -6 | $2,689 | 12°08 | $1,132] 591-0 {$20,695 
15,016 2/585,556 | 59.441 4.026 | (b) 28.179 
22.718 50,160 | 1,505 1,177 ean aude 23.550 
13,674 1,971,200 | 63,636 -9| 4,824 a ee 2 | 21.144 
7,129 643,850 | 18,759 : "1 | 26,950 


RE-EXPORT OF FOREIGN GOODS FROM CHINA.|| EXPORT OF NATIVE GOODS FROM CHINA. (a) 
Concluded. (IN METRIC TONS AND DOLLARS.) 


. ae 4 nal ‘hina re, 
Year. | White Metal. | Tin, in Slabs Saag ae seed Year. Airc haNR Glassware, Gold-and 
(German Silver) and Tinplates. ‘and Nails. | and Pottery. Bangles, ete. |Silver Ware. 


The Gace 
1898.... 
10) gpg 
1900.... 
1901.. 


$711 | 271-1 | $32,430 : $52 || 1897...) 20,453} $996,722 | 1,066°9] $252,573! 2°597] $93,575 

91’ | 127°5 | 27,999 ; }| 18y8.../ 20,881} 1,053,015 | 1,261°9} 300,919) 3:°325) 112,530 

698 | 701°2} 73,310 | 1899...| 22,605} 1,316,082 | 1,245°1] 313,712] 3-576] 126,352 

711 | 258°7| 53,043 : |} 1900...) 21,396 | 1,220,526 | 1,065°4| 279,076) 4-202) 138,786 

433 | 298°9| 34,752 : | 1901...| 20,896 | 1,218,544 | 1,163°9) 286,837) 4°558] 156,356 
{ 


OnHOor 
mwmwwew 


(a) From the Retwrns of Trade and Trade Reports of the Imperial Maritime Customs, Shanghai, China 
In these reports the unit of quantity is chiefly the *‘ picul,”’ and that of value the ‘‘ Haikwan-tael.’? In convert- 
ing the original data to metric tons and dollars, the following relations were used: 1 picul = 0:060453 metric ton; 
in 1897, 1 Haikwan-tael = 72c.; in 1898, 70c.; in 1899, 71°4¢.; in 1900, 71°7c.; in 1901, 74°2c., at the average sight 
exchange on New York, London, Paris, Berlin, Calcutta, and Hong-Kong respectively. (b) Not reported. (d) 
In 1898 there was also exported 4°41 metric tons of unclassed copperware valued at $1,821; in 1899, 0°25 metric 
tons ($153); in 1900, 0°42 metric tons ($213); in 1901, 0°12 metric tons ($47). 


PRANCE, 


THE official statistics of mineral production in France and her Colonies are 
summarized in the subjoined tables. With respect to the most important sub- 
stances, reference should be made to the respective captions elsewhere in this 
volume. 


MINERAL PRODUCTION OF FRANCE. (@) (IN METRIC TONS; 5 f.—$1.) 


Bituminous Sub- 


Year. Alunite. Antimony Ore. Asphaltum. Barytes. Bauxite. stances. (c) 


1896..) 171} $1,710 | 5,675 | $68,544 TT17 | $150,263 2,791 | $8,257 | 33,820 | $48,833 | 225,784 | $348,187 


LSOT SCO) | ee wrcca sec arens 4,685 64,915 | 17,982 146,272 3,209 8,736 41,740 | 55,211 | 233,828 339,898 
DROS sO) alccrtcaeus aye 4,433 | 65,046} 18,832 153,758 2,763 7,338 | 36,723} 67,133 | 229,108 | 333,888 
1 Vol) S ated bid 0) al Ieee anes 8 7,392 | 140,093 | 22,100 172,380 4,058 11,524 48,215 | 83,987 | 258,449 360.657 
AQOO SECO) o heart serene 7,843 | 112,803} 24,400 180,560 3,685 10,483 | 58,530 | 92,596 | 266,474 | 383,429 
Clay Products. Coal. 
Year. Cement. f . 
Potters’ Clay. Re Giese z Coal. Lignite. Peat. 


1896..| 934,624|$4,556,503) 246,677|$233,340| 291,690! $311 614) 28,750,452] $62,516,853| 489,448 

1897..| 976,813} 4,716,471| 270,202] 243,200/318,185, 333,428) 30,337,207|  66,020,171| 460,422 | "781'517 | 981067) 253/851 

1898. ./1,072,025| 5,359,620] 260,362] 203.844/295,918 848,532| 31,826,127) 71,701,384] 529.977 | 9295300 |104/265| 301,486 

1899. .|1,144,271| 5,733,404] 310,220] 272,176/867,432) 375.891] 32:256,148] 80.412°932| 606.564 /1,096,181 | 99,230) 302,637 

1900. .|1,147,670} 5,796,320] 331,396] 258,717 329,561) 389,951| 32,721,562| 98,362,014] 682.736 |1,487'314 | 95,630| 286.988 
| | 


$776, 938 130,207|g979,047 


Year.|Copper Ore. Fluorspar. Iron Ore. 
Crude. Calcined. 


Lead-Silver 


Gyspum. | 
| Ore. 


1896..] 106 | $704} 1,940 | $6,068 | 264,187| $241,608] 1,429,550! $2,516,112] 4 
1897..] 956 | 3,645) 2,722 | 8160 | 292.753] 264.845] 1.369.269] 2'458'337/ 4 
1898..| 382 | 2,841} 3,077 | 9,281 | 303,531] 281,690] 1,449,384] 27596,870! 4 
5,140 4 
3,430 4 


069,390 | $2,565,205 | 19,042 |$450,709 
,582, 236 3,008,028 | 21,212 | 556,261 
731,394 | 3,207,447 | 23/342 | 640,226 
985,702 | 3,640,115 | 17,505 | 543/146 
676,740 | 3,545,312 | 24,276 | 721,716 


1899. 2,021 | 64/416! 15,888 | 263'879} 261/192] 173721067] 2'475-616 
1900. ./3,081 |i51,090| 10.341 | 192,916) 192,679, 1,405,845) 2.570542 
| ! : 


Mineral Paints. Petroleum, 


Year: Lime. Manganese Ore.| Millstones. | (Ochers.) Gridd: Phosphate Rock. 


a | 


1896. .} 2,224,847] $5,569,917| 31,318 |$185,717 28.237 $224,347; 27,499 |$129,704 | 9,292) $209,184 | 582,667] $3,502,028 
1897. .| 2,201,428] 5,682,323] 37,212 | 208,035 | 32,175) 244,083] 32,299 | 156,180 |10,233 | "2347811 | 585,890 2'854.887 
1898. .| 2,339,850} 5,975,874! 31,935 | 166,211 |g38,929) 727.285) 33,780 | 158,014 | 9,694] 221,172 | 568/558] 3,115,958 


1899. .| 2,843,377] 6,081,922) 39,897 | 223,387 | 41.535! 765,242) 32,750 | 161,473 (OVE ioe ats 645,868] 3,334,145 
1900. .} 2,877,110) 6,330,193} 28,992 | 170,089 41,103) ees 83,080 | 164,000 (CO) Riise ass 587,919} 2,827,291 
| 
Slate. Stone. 
Year. Pyrites. Salt. 
Roofing. Slabs. Building. 


$2,473,568 283,352} $3,154,551) 1,148 | $31,006} 10,089,845 | $9,084,571 
2,239,824 310,820] 3,620,949] 1,143 | 31,282} 10,105,438 9,355,103 
2,115,120 316,911) 4,118,789) 1,318 | 88,552) 9,989,416 9,890,737 
2,506,832 299,307} 3,615,362! 1,162 | 36,003) 10,587,789 | 10,445,644 
2,415,973 290,204| 8,439,981) 1,325 | 89,400} 9,974,347 9,612,391 


1896. .| 282,064 | $712,986 1,042,614 
1897..| 303,488 752,658 948,003 
1898..| 310,972 785,242 999,283 
1899..} 318,832 827,623 1,193,532 
1900..| 305,073 779,925 1,088,634 


THE MINERAL INDUSTRY. 


Stone.—Continued. 


dake 
Limestone. Zine Ore. 


Sulphur Ore. 
(Flux.) (d) 


Marble. Paving Blocks. 


} 
677,213 | $2,157,968 
568,677 1,918,105 
568,483 1,898,678 
621,799 2,107,324 
659,125 2,326,747 


} 
81,346 |$1,160,021 
83,044 | 1,305,008 
85,550 | 1,475,581 
84.813 | 1,915,402 
67,059 | 1,222,299 


721,296 
709,562 
695.501 
924945 

1,040,805 


119,168 
118,675 
124.161 
191,030 
154,414 


$907,257 
927,184 
993,831 
1,406,773 
1,228,066 


9 ee $25,660 
10,7 31,252 
nee 27,141 
11,744] 28,884 
11,551} 26,427 


256,351 


METALLURGICAL PRODUCTION OF FRANCE. (@) (IN METRIC TONS; 5 f.—§1.) 


—————$<——<—<—<<_—_____, 


Steel. 
Tron, Wrought. 


Tron and 
Iron, Pig. 


Aluminum. | Antimony. 
| 


370)$259,000 | 969 $130,217 


470} 285,500 |1,033 | 141,857 
565) 301,800 |1, 226 | | 163, 200 
eel sO 401,500 1,499 | 243,800 
ab 1026 525,600 1,573 | 246,080 


| Gold—Kg. 
| 


225,637 | 
wei 109 | 
183.900 | 
186,000 | 
139,800 | 


327 
276 


| $2 2,339,537 | 
267 | 


2.484.191 | 
2. 525, 100 | 
2, 578,400 | 
2,714,298 | 

| 


$26,476,584 
29,121,027 
31.858°400 
37,342,000 
44,318,800 


828,758 
584,540 
766,000 
884,000 
672,000 


$25,343,590 
24,406,664 
25,221,800 
30,765,400 
33,663,400 


270 | 
203 


Tron and Steel—Con 


Steel. (e) tena) 


8,232) $444,371 | 15461 


Nickel. Zine. 


| Silver—Kg. 


{ | ( 
916 ea $41,898,067) $921,500 70,479 | $1,592,825) 35,585 | $2,922,628 


994,891 
1,174 ,000 
1,240,000] 
re 565,164 


45,276, 
55, 042; 
64, 87 hi 
70, 813, 


658 
,800 
,400 


15, 981 
000) 15,¢ 


9,916} 630,928 | 1,245, 
738,400 140 


1,253,320 | Te ve As ,020, 000 | 


741,500 | 
920, 000 | 
1,740; 1,040,000 | 


80,351 | 
90,583 

82.105 | 
85,646 | 


1,639,160 
1,817,000 
1,642,100 
1,712,920 


38,067 
87,155 
39,27 4 
86,305 


3,263,490 
3,598,600 
4.508.400 
3,569,680 


(a) From Statistique de l’Industrié Minérale. 
schist, bituminous sand, and asphaltic limestone. 
Wrought steel. 


foreign ores and bullion. 


Year. 


1897. 
1898. . 
1899. . 
1900. . 
1901.. 


..| 86,589 
. «| 74,902 
9 .| 67,149 

.| 76,857 
«| 58,585 


(g) Finished product. 


(b) Not reported. 


MINERAL IMPORTS OF FRANCE. (@) (IN METRIC TONS; 5 f.—$1.) 


Bituminous 
Substances. 
(b) 


Coal. 
(c) 


Copper. 


Gold. Iron 


and Steel. 


(c) Includes pure bitumen, bituminous 
(d) Sulphur and limestone impregnated with sulphur. 
(f) Lead produced from native ores only, and does not include the metal produced from 


(e) 


Iron, Cast. 
(Crude.) 


{ | 
29,931} $419,000 10,457,255137,804,400 54,460} \$14, 375,400} $58,143, eds 
41,488, 200)/52,97 6 14,998,000] 39,881, ‘575 
51,646,600|58,419} 20. 450,00C| 63,697,020 
81, 1366, 600\61,638| 21, 628, 800} 90, 408, 723 
ke 504, 600 47, 119) 16, 684,400 85,656, 800) 


20,385 
30,770 
39,598 
28,888 


244,600|10,445,090 
369,200]11,896,030 
475,200) 14,601,981 
346,600} 13,929, 120 


t 


| 


$42,468,793 
38,274,504 
37,528,657 
20,164,546) 
19,555,400 


47,32 
64,17 


60,804 | $1,954,800 


118, 152) 5,315,600 
77, 7 3,641,800 


5) 1,941,800 
8) 3,283,400 


35,633) $944,400 
(d) 
(d) |2,182,200 
(d) 
(d) |1,618,200 


998,000 
8,151,400 


Lead. 


Nickel. 


Sodium 
Nitrate 


Stone. 


Sulphur. 


Tin. 


Zinc. 


$6,661,800 
5,843,600 
6,657,400 | 
7,749,200 
6,397,600 


316] $475,400 
525,060 
399,600 
397,740 
421,200 


$8,105,400} 
8, 026, 400) 
9: 41, "600, 
iB 995, 820) 
9, 653,000| 


oe 800, 400) Q 247 
2, 813, 000) 6, 907 
3, 140, 200) %, 824 

2,601, ae 7,848 


400) 133. 531 
S880 ot se 


3 475,800) 32° 342 | 
4,495,400) 25.516 | 
4,758,200| 33,144 | 
5,105,000 29.792 | 


3) 682, 400 
3,467,600 
3,906,800 
3,477,600 


Bro- 
mides. 


Cement 


Chro- 
mate of 
Potash 
A 


1 


Hydro- 
chlorie 


2,119 


1, 
1, 
a 


Iron. 


cid. 


| Pyrites. 


994 
905 
962 
903 


69,470 
71,569 
109,696 
156,825 
206,432 


FRANCE. 837 
Lead | Lime, a Nitrate : “ire 
Year. Kaolin. | Lead Ore. | Carbo-| Chilo- Lime. eee Mercury of — ee 
nate. | ride. : Potash. 3 : 
HBOS cs Set 42,384 13,981 1,327 1,713 321,647 85,512 248 1,309 17,441 rue 
TESS ieee: 40,352 14,377 1,376 1,288 346,000 100,243 221 1,008 24,935 922 
HOOD S53 8 36,904 12,637 2,029 1,887 821,610 106,630 276 1,015 28,620 1,232 
HOODS 5s ters 39,842 19, 77% 1,739 1,215 399,092 120,790 161 1,928 17,687 1,140 
LOOMS carey 41,972 15,431 1,789 1,400 374,280 94,365 205 WT 39,497 961 
Oxides. Potash | Potas- 
Petro- | Phos- Plati- | and sium 
Year. j Ura- : leum, | phates. |Plaster.! num. | Carbo- | Chlo 
Cobalt|Copper.| Iron. | Lead. | niym. | Zine. Kg. |nate of.| ride. 
NBO ee 55 Sate 9 29 1,125 1,759 5 1,114 | 288,671 | 313,608 1,869 | 1,069 | 1,769 11,630 
TBQO Kiss o otis 9 52 1,021 1,874 15 1,256 | 291,961 | 336,842 | 2,040 505 | 2,418 10,929 
1 to Ucar een oe 9 36 1,037 1,807 44 1,765 | 306,078 | 242,021 2,260 817 Wie: 13,335 
OOO se eiacersts 9 84 1,022 1,284 36 1,743 | 302,482 | 283,921 8,648 | 2,398 | 2,768 13,524 
NOU TS rors atoe 9 162 1,001 1,383 22 1,333 | 225,885 | 235,422 | 2,840 | 1,857 | 2,520 13,299 
t 
Sulphates. Sul- Super 
Sal Soda, phide | Sule | phos- | Tin | Zinc 
Year. Ammo-| Salt. | Caustic lof Mer-| Phuric | phate of | Ore. | Ore 
niac. Copper. | Iron. | eury, | Acid Lime. 
POs crass as olossiaimivsisioaisieis aie 27,454 | 32,917) 1,378 30,132 1,353 24 8,147 195,853 | 149 | 58,074 
PROBS sir as eta sre ce Oho ed we brefeie 20,426 | 35,863) 1,772 80,897 896 19 4,666 178,569 | 357 | 60,481 
VOGQ SS ie dieteaciers eos aininig eieieiai8 12,210 | 37,970} 1,494 | 21,733 1,698 21 4,583 171,631 486 | 78,192 
GOO 20:5 tas Salorers eins seth secs tials 15,205 | 32,045) 1,062 22,820 1,589 22 4,254 143,437 | 512 | 66,178 
ROOTS as se oaracapierete et eietm tats 9,265 | 26,260 6869 | 15,813 45 23 5,386 168.060 | 867 | 74,553 
MINERAL AND METALLURGICAL EXPORTS Of FRANCE. (@) (IN METRIC TONS.) 
NIN GEES NEI AN SES AES EI SO Ma Ra eS aa a eg ee 
Antimony. Copper. Tron. 
3 Alumi- Gold. Tron 
Year. | num. Cement} Coal. Kg. Pyrites 
Ore. |Metal Ore. |Metal| 2) Ore. Pig. Bars. | Steel. 
1897 . 224 623) 61:4 | 244,504 |1,142,195} 2,000 |12,667} 3,335 | 299,589 | 108,645 | 39,894 | 45,809 | 54,367 
1898.. 192 616 | 100°6 | 241,150 |1,320,616} 1,783 |14,350| 1,812 | 236.169 | 162,991 | 27,424 | 47,278 | 60,406 
1899... 256 304 | 254°7 | 244,480 |1,229,090] 2,078 |17,949| 2,622 | 291,846 | 153,792 | 29,112 | 33,584 | 53,395 
1900.. 824 153 | 386°2 | 231,450 |1,201,210| 9,197 |16,791 883 | 371,799 | 114,861 | 18,763 | 19,535 | 61,530 
1901.. 308 466 | 373°7 | 242,720 |1,053,675| 16,359 |18,167 902 | 259,227] 97,122 | 29,210 | 21,614 | 52,954 
Lead. ; ; Zinc. 
stones 1 y 
Year. Manganese aud lecse are Ehespiale Plaster. ae Tin. 
Ore. |Metal. he Number. | Hernee oe (f) Ore. | Metal. 
1897....| 12,007 | 10,364 19,464 158,979 498 69,188 107,823 5,374 651 79,909 10,977 
1898....| 10,216 | 3,663] ~ 12,229 203,584 526 93,742 106,790 1,886 587 | 60,664 16,995 
1899....| 38,909} 1,163 12,289 112,620 280 40,517 PIZISZ0 |e terares 3 666 ; 76,104 14,958 
1900....| 2,845 958 8,392 65,561 598 89,135 231,450 15,470 716 54,665 | 12,712 
1901 ...| 1,845} 4,749 5,647 52,383 | 530 80,522 * 202,160 17,440 | 1,272 | 48,075 16,145 


(a) The figures are from L’ Economiste Frangais, 1 
cludes bitumen, bituminous schist and sand, and asphaltic limestone. 
(e) Gold and platinum, in ore, sheets, leaves, or threads. 


MINERAL PRODUCTION OF ALGERIA. 


and represent the Commerce Spécial of France. 
(c) Including coke. 


(b) In- 


(d) Not reported. 


(f) Silver in ore, sheets, leaves, or threads. 


(IN METRIC TONS AND DOLLARS; 5 f. $1.) 


E Tron. 
Antimony |Gement,| Clays. | Copper Matte.| GZPSum» | Gibaum: : 
re. 

| 
658 |$18,957 | 60 | $300\48,297) $42,526) 427 | $39,028 300 | $138 | 29,870) $114,123) 374,476 | $583,946 
BT he SiGe Wee |e nte 67,180) 59,607) 289 28,380 350 75 | 29,120} 109,473} 441,467 663,282 
488) )3 -4s4IG he Sees 78,690} 60,2'75| 488 54,200 | 150 75 | 29,750) 110,585) 473,569 708,667 
200 | 10,400}. .|.....| 88,600} 73,874) 472 43,700 | 200 100 | 31,800} 117,795) 550,921 932,326 

C0134 leas fn UY oa Marat pa | 94,000 WOSVAON tei waccalta ye tone eta 500 250 chat 188,940) 174,000 268,321 
t \ 


THH MINERAL INDUSTRY. 


Iron—Con. Lime. 
——_—__—_—_——| Lead-Silver 
Cast, 2d Ore. 
Fusion. 


Marble. Onyx. 
Hydraulic. | White. 


| | | | 
| $35,480 $2.188 | 20,000, $120,000; 9,450 | $36,480 | 900/$26,100 $25,530 
¢ | 3,041 | 20,425) 122,500] 9.215 | 82,260 /1,060) 26,150 25.480 
3,120 | 18,000) 78,000) 12,975 | 46,783 | 985) 80,004 12,483 
10,482 | 12,000} 72,000] 13,645 | 48,981 | < 12,397 
6,382 | 12,000] 72,000) 13,700 | 49,050 12,976 


Phosphate uicksilver Sand and F 
eek . O Balt, Gravel. Zine Ore. 


165,738) $500,905 8 19,658 | $85,122 | 41,400 | $8,280 }| 17,587 | $168,768 
228,141! 912,564)...... 23,222 | 78,058} 80,860 | 20,280 | 32,269 301,538 
269,500} 1,078,000}......).........| 21,800 86,000 | 72,185 | 17,717 | 29,800 281,400 
324,983) 1,299,932]...... | 17,378 67,300 | 72,760 | 15,827 | 42,970 502,579 


319,422] 1,277,688]......].....6...| 18,325 76,288 | 71,860 | 14,569 | 30,281 307,594 


MINERAL PRODUCTION OF NEW CALEDONIA. (@) (IN METRIC TONS.) 


( 
Substances. 1891. 1892. 1893. 1895. 1897. 1898. 1899. | 1900. 


Chrome iron ore 4,343 : 8 076 ‘ ( 12,634] 10,474 
Cobalt ore weet wledo 482: : 37 
Copper ore ie 199 ) le ¢ 2 
Copper regulus 152 
236 ) ) ) (b) (b) (6) 
60,921 ( 243 | 29,62¢ 417 3,46 103,908 | 100,819 


(a) From Statistique de U Industrie Minérale. (b) Not stated in the reports. (c) Exports. 


MINERAL PRODUCTION OF TUNIS. (@) (IN METRIC TONS AND DOLLARS.) 


: (a) From Annual General Reports, by C. 
Salt. Lead Ore. Zinc Ore. T.e Neve Foster, and Statisque de T Ingluatrie 
we phage gee Additional products in 1896: Gyp- 
, sum, 4,700 metric tons; marble, 1,000 metric 
$22,000 12,100 $118,600 tons; phosphate of lime, 1,000 metric tons; 
3 | $26,960 | 11,830 | 147,200 || building stone (dressed), 18,000 cu. meters; 
3% 21,477 185,520 || stone (broken), 185,000 cu. meters. In 1899, 
v0, 5 20,079 313,400 70,000 tons phosphate rock, valued at $168,- 
128,240 16,596 | 221,600 || 000; in 1900, 178,000 tons valued at $781,000. 
(b) Not reported. (c) Value corresponding to 
only 10,800 tens. 


GERMANY. 


Ti mineral statistics of the German Empire, together with those of Baden, 
Bavaria, Prussia and Saxony, are summarized in the subjoined tables: 


MINERAL PRODUCTION OF GERMANY. (@) (b) (IN METRIC TONS AND DOLLARS; 4 marks = $1.) 


ses 


Aluminum Antimony and | Antimony . Arsenical 
Year Alum. Sulphate. Manganese. Ore. Arsenic Ore. Products. 

ASQG! sets br 3,430 $88,250 | 34,370 | $595,000 | 1,326 |$156,111 | Nz. |....... 8,691 | $46,960 | 2,637 |$221,397 
ASO ie viele 2,995 78,838 | 37,053 613,684 | 1,665 | 210,744 | Nil. |....... 3,077 56,021 | 2,989 | 270,949 
MOOS: circa 4,069 91,086 | 35,366 514,952 | 2,711 | 302,892 | Nal. |....... 3,540 52,414 | 2,679 | 253,623 
TRO Rei ee's 3,358 78,500 | 37,693 568,250 | 3,149 | 484,000 | Nal. |....... 3,834 61,250. | 2,423 | 267,250 
OOO cee 4,355 93,750 | 44,372 675,000 | 8,388 | 473,750 | Nil. |....... 4,380 79,000 | 2,414 | 263,250 
1901. (Oyra miele aor se) Se NeanIGOC (Oye (ie yeulsranierer tt. ((D agnaurereeecoges (CO aae arsenic 

Year. | Asphaltum. | Boracite.| Cadmium—Kg. Coal. Gopal Tienes ue Copper, Ingot. 

Tee ee | 
1896....|61,552 a 348] 184/10,620 10,000| $19,117 | 85,690,233 | $148,244,000 | 4,087 $129,688 | 29,319 | $7,293,387 
189%... 61, 645 634] 198]10,222] 15,531] 44,157 | 91,054,982 | 162,234,685 | 3,855 139,777 | 29,408 | 7,545,376 
1898)... 67, 649 104 084] 230|10,746] 14,943] 31,162 | 96,279,992 | 177,564,248 | 3,157 138,545 | 30,695 | 8,182,102 
1899..:. 74,770 130, 250] 183] 8,750] 13,608} 21,250 |101,639,753 | 197,362,000 | 1,270 133,500 | 34,633 | 12,519,000 - 
1900... .|89,685 160,000 232/11,000} 13,533} 20,500 |109,271,726 | 241,498.250 | 4,495 168,000 30, 928 | 11,733,500 
POOL | IOMGS | ecerca (O) meer (é) Pei LOSS4 I ORO insert eieces oe BOSS (OM: eects ate roca 31,376 Veseleenes ce 
ue d 

Year. Capps Choon Copper Ore. Gold—Kg. Graphite. Tron Ore. 
1896.. 598 $39,083 717,306 | $4,289,862 | 2,487 | $1,728,938 5,248 | $72,108 | 14,162,315} $12,349,650 
1897. 0.5% 315 14,380 700,619 4,752,552 | 2,781 1,934,371 3,861 66,126 | 15,465,979) 15,021,922 
1898... 62 2,170 702,781 4,921,152 | 2,847 1,978,353 4,593 97,916 | 15,893,246) 15,202,159 
1899..... 95 4,000 733,619 5,217,000 | 2,605 1,814,750 5,196 } 120,250 | 17,989,635) 17,542,500 
1900... 4,207 614,500 TAT RT 5,956,000 | 3,054 2,180,750 9, 248 136,500 | 18,964,367 19, 407, 000 
OOF cs BOs ascen connin UTES SSS SoGonscoes (a iateg Hberenncoes (e} Mie irerarsawttetve 16, 570, 258}. 
Year Iron, Pig. Lead. Lead Ore. Lignite. Litharge. eee 
1896. .16,295,2721$73,930,749] 113,792 $6, 258,097 |157,504|$3,249,000 26,797,880] $15,233,273|3,930 | $235,698} 2,350 | $5,250 
1897. ./6, 864, 405} 87, 345, 441 118, 881| 7, 160, 5188 150, 179} 3,253, "884 29, 419, 503] 16,562,642 3, 341| 213,699) 2,601 5,637 
1898... 7,215,927 93,575,641 132, 742 8, 555,606)151, ‘601 3, "412, 128} 31, "648, 498 18, 339, 869 3, 857 265, 496| 2,444 5,277 
1899. .|7,160,203 102, 820,750)129,225| 9,315,000 144, 370| 8,528, “000 84, 204, 666) 17, "458, 970 $. 561 270, 750) 2,082 4.250 
1900... 7, 549, 655} 122, 989, "750|121,518 10, 174,250 148,230] 4, 516, 000 40, 279, 332| 241436,500 rh 087 266, 750} 1,750 3,750 
1901.. 7,835,204 Sra eau rs 123, ODB Sica ateenes 153, 3401. Me 44. 211, SOUR, ucts CaO Riper cae a (2) ele | a (ace 

Magnesium Chloride} Magnesium Sulphate | Mineral Nickel & Vari- 
Year. |Manganese Ore} (#rom Solution.) (From Solution.) Paints. ous By- Petroleum. 


Products. (c) 


1896....| 45,062] $120,155] 17,525 $57,386 27,161 $107,835  |2,668/$75,313|1,391 }$1,365,330] 20,395] $297,128 
1897....| 46,427] 115,356} 18,014 64,294 85,072 155,585  |3,119| 84,071|1,464] 1,492,337) 23,803) 349,111 
1898....} 43,854] 111,786] 19,319 96,973 80,295 122,667 3, 031) 91,153/1,691) 1, 465, 254) 25,789] 394,552 
1899....| 61,329] 177,750} 21,369 81,250 39,540 148,500 cy B51} 97,000/1,747) 1, "556, 000} 27,027} 394,500 
1900....] 59,203] 183,500) 19,397 76,250 48,591 153,000 3, 311) 91,750/1, "989 2, 000,000] 50,375] 931,500 
TOOT [DO O08 |s en eacles (ey feels eeratars « COV An Rito eae sioreets ve) WG te) bins cme ecarae 7M) 5} eee ee 
Potassium Salts. 
went, Potassium and Magne 
Chloride. Kainite. sium Gulpnate Sulphate. Unspecified. 
1896....| 174.515 | $5,718,559] 856,290} $2,989,736 4,623 $85,977 19,682 | $813,381 | 902,707} $2,964,750 
1897....| 168,001 | 5,764,423] 992,389 3,486,007 7,812 149,079 13,774 | 565,720 | 953,798] 3,030,143 
1898....| 191,347 | 6,380,220] 1,103,643 | 3,835,856 13,982 259,485 18.853 | 763,397 | 1,105, ‘212 3, 576, 628 
1899....] 207,506 | 6,801,250] 1,108,159 | 3,838,250 9,765 195,000 26,103 |1,027,500 ns 384,972) 4 "202, 000 
1900.. 271,512 8, 793.750} 1,178,527 | 4,134,000| 15,368 280,500 88,853 |1,249,250 | 1, "874, 346 5, 643, 750 
1901.. DSA DON lsarcietehtiesic's 4500; 748 is-ciassisretecoe aes (Gi: eB iet detsiriae oie’ BE-SOLE os otic 2, 036, B26 ls eocesunieine 


THE MINERAL INDUSTRY. 


SS ne a ey Se 
Pyrites. Salt. Salt, Rock. Silver Be Gold Silver—Kg. 


124,950) $231,579 | 547,486 $3,661,034 | 755,833 | $755,888 $596,604 |428,429 | $9,718,000 
133,302 543,272 3,034,128 | 763,412 804,298 363,27 448,068 | 9,095,366 
136,849 2, 565,683 3,116,087 | 804,658 838,656 2,41¢ 336,6 480,578 | 9,539,162 
144,628 571,058 3,021,750 | 861,123 9,7 467,590 | 9,458,000 
169,447 vi 587,464 926,563 2,5: 5 415,735 

157,420 578,761 985,919 vi 


Sulphates. (d) 


Sodium Salts. | suiphur. | Sulphuric Acid. | 
ate A : Copper 
(Glauber Salt.) Copper. Tron. Zine. and Iron 


Mixed. 


71,958] $448, 915|2,263/$47,181 | 590,888] $3,781,092 " 4,811 | $67,171 | 165 
68,822] 434,198|2,317| 48,357 | 623,130| 3,739,472 44.684] 51488 266 
69,111| 452,509|1,954| 43°167 | 664,865 352) 356,540] 10,422| 42°707| 6.104 | 91, 176 
79,062] 504,000] 1,663} 36,000 | 832,666 ,142| 460,750] 10,931] 38.750] 7,117 212 
90,468 Se 31,000 | 829,376 5,076] 587,000] 10.747| 41,000] 6.026 166 
76,065 e) 


Vitriol and 
Year. Tin Tin Ore. Uranium and Zine Ore. Alum Ores. 
Wolfram Ores. Unspecified. 


1896....| 826 |$135,784 $5,881 b «| 153,100 |$11,777,005 | 729,942 | $4,255,473 
1897....| 929 | 287,829 : 36 150,789 | 12,619,131 | 663,850 4,220,839 
1898....| 993 | 872,252 t E 154,181 | 14,708,459 | 641,706 
1899... .| 1,481 : 153.155 | 18,737,750 | 664,536 
1900... .| 2,031 822,77. ‘ yee 155,790 | 15,516,750 | 639,215 
1901....| (e) 166,283 647,496 


(a) Including Luxemburg. (6) From Vierteljahrs- wnd Monats-hefte zur Statistik des Deutschen Reichs. - 
(c) Including metallic bismuth, cobalt products, and uranium salts. (d) There was also produced nickel 
sulphate and tin chloride as follows: 1896, 176 tons, $42,986; 1897, 209 tons, $51,333. (e) Kieserite, glauberite, etc. 


MINERAL IMPORTS OF GERMANY. (@) (IN METRIC TONS; unit of value, $1,000; $1—=4 marks.) 


Clay Products. 
Alabaster | Aluminum, 


Year.land Marble,| Nickel Ammonium Cement. Brick : 
Crude. Wares, etc. Sulphate. and Porcelain, | Kaolin, Feldspar 
Roofing Tile. and Fire Clay. 


1896. .|26,655) $800 | 335 | $350 | 32,061 | $1,450 | 32,394 t $475 =| 806 | $325 192,807 
1897. ./29,633) 900 | 417 425 | 33,113 | 1,325 | 42,864 F 75 | 812 350 207,155 
1898.21 CC) ahs. eo] 459 475 | 30,254 1,275 | 53,519 | 600 | 788 825 208,186 
1809. 3b (6 Johns 3b 495 550 | 28,868 | 1,450 | 63,888 675 | 704 300 235,233 
1900... vee | 483 23,105 1,213 | 79,303 721 =| 765 313 265,289 


Copper. 


Coal. | 
(Lignite.) | Bars and Crude. 
Sheets. 


$15,275 7,637,503 | $11,275 393,881 401 56,115 | $13,675 
16,625 8,111,076 12,77 435,161 400 67,573 
8,450,149 13,250 332,579 450 73,291 
8,616,751 15,075 462,577 610 50| 70,091 
7,960,313 16,916 512,690 906 83,503 


Copper—Con.| Copper and Brass Manufactures. 


z - Glass Manu- 

artridge factures, ; 

Scrap and Fine. Wire. |Cases, Coarse} All Kinds. Bullion. 
Coin. Wares, ete. Kg. 


797) $675 2,823 |$1,050|} 45,417 | $31,600) 37,507 | $23,475 

846) 700 2 2,057 5) 84,991 24,325) 22,914 14,350 

881} 800 {f | 62,937 43,775) 60,355 37,750 

962} 925 i é +B: 517, 51.539 85,950) 50,769 31,875 

1,007} 989] — 7 | 87,094 25,873) 54,859 34,438 
i } 


GERMANY. 841 


Gold and Silver. 


iron, 
oe Gold, Silver, a 
Year. Scrap, . Manufae- | and Piatinum Graphite. Iodine. | Blooms, 
Pagament. tures. Ores. Angle. |Bars, and| Castings. 
Kg. Kg. Ingots. 


| | eae | 
1896. . [39,895 |$3,700 |34,310) $825 | 6,024 | $8,950 | 13,718 | $450 | 94| $625 |  176| (c) 1,054 | $25) 19,600] $2,450 ~ 
1897... 136,664) 3,075 |35,160 750 8,927 4,475 | 17,366 600 | 164 950 | 1,081|$29;1,088 | -25| 24,627 i 
1898... |54,793| 4,525 131,549 700 iB 2,650 | 20,269 950 | 216) 1,275 207| 611,553 | 44| 39,871) 3,825 
@.597 
1 
o] 


1899. . 144,463] 3,725 |34,775 875 2,725 | 23,400 | 1,075 | 191 | 1,125 | 898) 25/1,341 7| 45,853) 4,925 
1900. . 45,774] 8,948 33,259] 1,603 | 9,153 | 3,364 | 22,495, 955 | 236 | 1,358) 827 pe 116| 45,348} 5,702 


Iron.—Continued. 


Lead, 
Year. ze . | All Other Pig and 
Ore. Pig. Rails. Scrap. Wire. |Wrought in) ‘yanufac- Scrap. 


| Bars. tures. 


{ | 
$875] 12,933, $1,650}33,016, $1,925 
1,225] 18,135) 1,975|35,092) 2,350 
1,100] 20,158] 1,900|47,497) 3,250 
1,800] 31,222] 2,863/55,635| 4,550 


| 
1896. .| 2,586,706 | $8,700 | 322,502) $4,000 1401 (c) 14,679) $175) 6,398 
1897. .| 8,185,644 | 11,675 | 423,127] 5,875] 774] $25) 37,957) 450] 5,609| 375| 29,467 
1898. .| 8,516,577 | 13,625 | 884,561; 4,900} 267 7| 28,328; 300)'7,166) 475) 26,014 
1899. .| 4,165,372 | 17,550 | 612,652} 9,975) 1,819) 50) 63,141/1,050) 8,582) 675) 37,179 


$450) 23,77 


1900. .| 4,107,840 | 18,796 | 726,712) 14,604} 343) 10 nS eee | oe 693) 37,809 | 2,098) 28,918) 3,498)70,252) 6,273 
: Petroleum. 
: Lead Lead, Manganese : Oxide. 
Year. | and Copper White. Ore. Nickel. (Potash. ) Tiluminating Lubricating 
Ores. Oil. Oil. 


1897.. | 90,114) 3,300) 696; 54 | 86,911 925 1,390) 875) 1,734 125 | 946,344 | 12,300 | 83,957 : 

1898.. | 64,727) 2,800] 822) 66 | 180,711 | 1,325 1,467| 850] 1,486 100 | 954,646 | 16,200] 97,028) 3,750 
1899.. | 65,821) 3,675) 703; 63 | 196,825 | 2.275 1,391) 825) 1,737 125 | 963,943 | 19,775 | 106,624 | 4,400 
1900.. | 62,268) 4,531) 698) 66 | 204,420 | 2,461 1,712 1,220) 1,522 122 | 989,361 | 21,000 | 124,505 | 5,603 


1896.. | 88,341| $2,025) 579; $50 | 33,870 | $750 951) $600; 1,430 | $100 | 853,642 | $14,950 | 81,256 | $3,425 
| 


Potassium Salts. 


Phosphate : 
Year. Rock. : ; 5 Pyrites. 
Chloride. | Cyanide. Iodide. Nitrate. Sulphate. 
1896..| 216,950 | $2,700) 1,058 | $50 B) (c) | 29 | $150 1,380 | $125 703 $25 843,852 | $1,650 
1897..| 289,234 | 3,625) 715) 25 v4 (c) | 18 25 2,889 275 912 25 856,869 1,900 
1898..| 270,988 2,700} 422) 15 2 (c) 16 50 1,895 175 999 25 376,817 2,175 
1899..| 407,457 4,325) 443] 16 3 (c) 9 25 1,785 163 533 16 437,732 8,750 
1900..| 320,138 8,682; 484] 17 |..... (c) 10 55 2,047 195 856 26 457,679 8,981 
ee Silver. 
Sillca= Sands ssc rare rer Dae enue Bee : Slag, 
Year. Salt. Marl, tc. : See eneeee Thomas Slag, Slate. 
Bullion— Kg.| Coin—Kg. : Ground. 
—— a | 
| | 
1896..| 22,908 | $100 | 253,905 | $250 127,758! g2,900 20,785; $425 | 680,251 | $2,525 | 83,765) $525 | 53,583 | $1,050 
1897... (ONE Be sase 228,241 225 |147,084| 2,975 20,331 | 875 | 670,224 2.575 | 110,216} 575 | 48,380 | 1,075 
1898. . (c) 239,708 | 250 |104,770| 2,075 40,1382) 725 | 685,118 | 2,625 | 88,3874] 500 | 57,571 1,400 
1899. . (c) .| 279,089 | - 275 | 89,930] 1,825) (c) | .... | 892,764 | 8,950 | 68,305} 475 | 63,309 1,550 
1900.. (c) ipa 388 eee 3,489) (c) | .... | 974,947 | 4,694 | 108,481) 827 | 54,646 | 1,328 
See 
‘ & dae ; : : Stone. Paar 
Soda. itrate. Stassfurt ; ulphur. 
Year.| Calcined. (Chile Salts. {Rough or Simply| Limestone, | puishire and 
_| Saltpeter.) Hewn. Lime. Whetstones. 


1896.. | 1,295 | $25 449,028| $16,850; 143) (ce) 767.908 | $3,850 216,641| $1,200 2,869 $275 | 21,864 $500 


1897..| 916} 25 | 465,493) 16,875 6} (e) | 853,825] 4,275 |2385,715) 1,300] 1,820 114 | 25,305 625 
1898..| 524] 12 | 425,054| 15,825, 17] (c) | 931,826| 4,275 |242,397) 1.325! 1,967 187 | 30,269 750 
1899..| 515] “12 | 526,944) 19,425) 182] $1 |1,021,755) 5,200 |229,912) 805; 2,182 208) CO) eS eisess 
1900..| 3873 | 9 | 484,544) 19,382, 130) 1 |1,072,433) 6,479 ec 1,021 | 2,286 209 apoHs ol lego 
| 
Tin. Zine. Zine- White, 
Vaat as -— — ag and 
: y an 
Crude. Manufactures) Crude. ee Manufactures Ore. Lithophone. 


bd 
R 
=I 


1896..| 13,798 | $4,27 16,343 
1897..| 12.395 | 3.875] 75 "5 | 19,734 
1898..| 14,623 | 5,30 
"57 
8,37 


5 $1,350/ 180 | $25 | 130 | $75 | 21,493 | $325} 2,899 | $250 
5 1 12 | 146 | 75 | 24'735 | 400] 31582 | 325 
| ge | 100 | 24116 | 2'425|/ 53 | 6 | 1298 | 7% | 48,050 | 900| 3,658 | 37 

1999..| 12'258 5| 98 | 125 | axe6o1| 2 | 

1900..| 12,454 2 


; 12 | 126 75 | 57.880 | 1,450] 4,226 | 475 
5| 115 160 | 24.263 


37 M5 | 16 | 132 88 | 68.982 | 1,456| 4,884 | 512 
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MINERAL EXPORTS OF GERMANY. (a) (IN METRIC TONS; unit of value, $1,000; $1 —4 marks.) 


Clay Products. 
Alabaster Aluminum, --- 


and Marble, Nickel Ammonium Cement. Roofing Tile, Kaolin, 
Wares, etc, | Sulphate. and Building Porcelain, | Feldspar and 
Stone. Fire Clay. 


1,977 | $2,050 | 2,201 478,340 | $4,100 | 287,811 21,624/$8,975 | 125,674 ler, 250 
1,899 | 1,950] 2,628 524,557 | 4,500 233.6 229 de 21,687) 8,775 | 121 585 475 
2,045 | 2,150] 4,088 7 | 551,744 5, 000 | 6265,110 21,644) 8,425 129, 082 650 
2,312 | 2,575} 1,553 580,255 5.175 6224, 819 : 23,110 9,275 143,406 725 
2,398 | 2,680} 2,431 600,386 | 6,360 b182,340 ¢ wa 10,728 | 159,855 941 


Bars and 
Sheets, Scrap and 
Unplated. 


11,598,757 | $30,475 | 15,708 5 | 2,216,395 5,996 | $1,500 | 5,406 | $1,700 
12,389,907 | 33,375 | 19.112 5 | 2,161,886 7,183 | 1,825 | 5.718] 1.895 
13,989,223 | 39,925 | 22°155 5 | 2.133.179 ‘ 6,972 | 1.875 | 5.369] 1;800 
13,943,174 | 45,050. | 20.925 2,137,985 * 7.061 | 2.600 | 4.871] 2/195 
15,275,805 | 54.235 | 52,795 3 | 2.229188 | 13, 5,505 | 2,091 | 5.273 | 21338 


Copper and Brass Manufactures. _ Gold, 

Glass Manu- ———- — - |Gold and Silver 
Cartridge factures, : é Manufactures. 
Fine. Wire. Cases, Coarse] Ali Kinds. Bullion. 
Wares, ete. Kg. 


- 5,961 $4,950! 5,910 |$1,950] 6,806 | $4,¢ 34,747 | $24,225 | 40,005 
.| 5,588} 4,625] 6.176 | 2,025] 5.409 | 3°: 5.702] 9.050] 2.312 | 22/525 | 11/385 
..| 6,472] 5,475] 5.930 | 21025! 6.278 5 57| 4,851 | 3,375] 82-992 
..| 7,561] 6,975] 7,579 | 8,875] 5,846 | 3,950 |111,087| 8,450] 4.850 48,594 
.| 8,888} 8,295] 9,605 | 4,308] 4.906 | 3,334 |124°501| 9,266] 5,587 : 39,072 


Gold, Silver, Iron and Steel. 
d 
Platina Graphite.| Iodine. 


$s, Ba Man’factures, 
Angle, goign is Cast, Crude. Atl One. Tron Ore. 


| 
2,364 $125) 26 |$17 178,887|¢4,675| 49,529 | $1,125 | 153 652 $24, 325 309,682 $23,200} 2,642,294 | $1,975 
2,422) 125) 26 | 150 |169,287] 4,400) 39, 792 900 |170,084| 26,725)296,949| 22.400] 3,230,391 | 2,400 
2, 936, 175)°26 | 150 /204,705) 5,400) 34, 3964 800 | 193,039 30, 600)312,948} 22,875) 2,983.734| 2,150 
2, 708| 175] 26 | 150 221,165} 7,200) 23.438 639 205, 935 36, 075|332,670) 30,043 3.119 878 2, 650 
2, a 78 29 | 177 |215,641| 7,709) 38,627} 1,010 |196,759) 38,723/374,571| 39,969 3, 247, 888 2, 982 


Iron and Steel.— Continued. 


| Lead and Lead, Pig Lead, 


Wrought Copper ae "aD. ite. 
Iron, Pig. Rails. Scrap. | Wire. fa ee Ores. Bot earned: Vie 


| 
140,449 | $1,925 |129 413188, 100|52,466 $750) 207,116) $6, 875 259,461|$7,175| 31,675] $200 |24,828! \s1, 425} 16,350) $1,275 
90,885 | 1,250 |113,473) 2,850 38, 102 5} 246,772 Lg a 26,317) 225 |24.075 1,525 14, 786) 1,225 
187.375 | 2,525 123, 839 3,250 85,095 1.300188, 713} 6, 6251263, 698) 7,650) 24,163) 225 124,867 1.625 16,473 1,400 
182,091 | 3,025 109,818 8,300/53,103) 1,025| 154,332 6,300] 193,933} 6,775 35,38 59| 1,525 24,491 1,850/16,360) 1,625 
129,409 | 2,561 155,656] 4,895]/61,096 1,250) 16980 7,465 72, ,533| 6,358) 26,995] 718 18825 1,627/15, 126) 1,588 
J 


Potassium Salts. 
Manganese ‘ Oxide. | Phosphate : 
Nickel. | (potash. ) Rock. 


Chloride. |Cyanide.| iodide. Nitrate. | Sulphate. 


143|$100}12,673|$1,050) 5,548 |$100 | 85,862/$3,075| _55/$125| 142 /$950! 11,823181,750' 16,019 
169} 100|13,100} 775] 4,000 | 75 | 80,389) 2,850/1,086| (c)| 124] 775] 8.986] 850, 20.971 
203] 125|13,456] 800] 5.100 96,236] 8,375|1,907| 975] 185] 850] 10.969] 1,000! 271105 
295| 175|11,917| 900] 2.504 101,045] 3,650|1,645| 825] 145| 900] 15,146 1,375, 32,845 
268] 285/15,761| 1,419] 1,123 114,469] 4,078] (c) |....| 138] 759] 14,744 gos 38,125 


Silver. 
2 Silica, Sand, Slag and 
Pyrites. Salt. Marl, etc. Crude and Coin. Slag Wool. 
in Bars. Ground. 


16,833 | $75 | 214,060 |se2s 267,173) $225 | 305,826 96,97 31,648 | $650 50 |184,257 | $875 
15,387 15 (e) 652,248 575 | 371,086 7,58 27,687 525 728 98 | 169,336 
19,220 910,354] 800 | 348,733 3,98 46 1932 975 | 29,¢ 5 | 187,598 
16,985 y 872.292 775 | 294,039 3, B Dw erereaileOge 199,382 
24,936 ..+ +. /822,840! 926 | 284,853 ee eee| 24,936 /174,563 
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oe Sodium ce ye 

Year. Slate. oda. Nitrate. Stassfurt ei se - 
Calcined. (Chile Salts, Crude or Simply| Limestone, Ponstine aa 

Saltpeter.) Hewn. Lime. Whetstones. 

1896..| 5,796 |$100| 41,106 $95 9,078 | $400 | 285,028) $1,575} 620,394 | $3,100 | 77,641 | $350 | 11,914 | $900 
1897..| 4,948 | 100} 45,672 | 1,025 | 11,364 475 | 837,577) 1,700} 545,723 2,725 | 77,905 850 7,390 370 
1898..| 4,484 | 100) 37,106 825 | 12,684 525 | 370,829) 1,750) 556,561 3,225 | 84,892 315 7,263 363 
1899. .| 3,034 68} 40,566 975 | 13,910 575 | 367,828) 1,975) 597,286 4,275 | 84,915 381 8,138 508 
1900..| 3,123 | 78) 44,376 | 1,108 | 14,159 | 602 | 468,277] 2,868) 675,605 6,453 | 78,758 384 8,795 880 

| | 

Tin. Zine Zine-White, 

————_____—— —————- ~-—— - Zinc-Gray 

Year. er u 
Crude. |Manufactures Ore Crude Dra end Manufactures Tait weane 
1896..| 868 | $275 | 1,010 | $850 | 37,959 | $575 | 58,082 | $4,750 | 16,227 | $1,500 | 1,206 | $825 | 16,969 | $1,825 
1897..| 861 275 967 800 | 30,047 500 | 51,341 | 4,400 | 17,453 | 1,650} 1,163 800 | 17,631 | 1,325 
1898..| 874 325 |} 1,119 | 1,000 | 30,408 575 | 51,324 5,175 | 14,477 1,575 | 1,205 850 | 18,674 | 1,775 
1899. .| 1,121 700 | 1,218 | 1,375 | 25,192 575 | 46,334 5,675 | 18,281 | 2,425) 1,561 | 1,125 | 19,489] 2,175 
1900. .} 1,626 | 1,102 | 1,315 | 1,496 | 34,941 655 | 51,899 | 5,214] 16,709 | 1,817) 1,781 | 1,259 | 20,729] 2,098 


(a)From Statistisches Jahrbuch fiir das Deutsche Reich. (b) In 1898, 1899 and 1900, represents unglazed tile 


and brick only. ((c) Not reported. 


MINERAL IMPORTS AND EXPORTS OF GERMANY FOR THE YEAR 1901. 


(IN METRIC TONS.) 


The following figures are taken from Chemiker Zeitung, of Feb. 18, 1902, and while probably from official 


sources, are subject to correction. 


Substances. Imports. | Exports. Substances. 

Alum, and aluminate of sodium Lead and copper oreS...........+.. 

and alumina, including hydrate. 147 Sle UT bel Tee aid sos hes See liane ec ee 
ASTINTRA UTTAR 1 satel lets aveisoc,o cists etsuerepensse 1,090 DBR Toe WINIEO rc shizz cle oiscscars erclorese phestarets 
Ammonium carbonate sire 2,516 BAG Viera GO es = /evela a cle toserase vSesaheieteeneraiciate ork 
Ammonium sulphate.............. 44,408 QIB A TPR AR OG aie. cis 10-< ie wtsjav siete Seaiprsiece’s 8 oisl = 
Ammoniacal liquor...............- 13,765 15,399 || Magnesium, artificial carbonate... 
AGI OM VAG ex deicin ose itinier sss siointhirass 1,494 76 || Magnesium, natural carbonate.... 
Antimony and arsenic Oren ee. 1,098 2835) ManeaneserOLe ain. sce. ese «sei 
Bs tats 0) 6 evar pin OCICS A DDR OTICIN PERSE IOC 28 || Manganese preparations.......... 
Arsenic White cs a: ose visa sissies wie oc 377 801 || Mineral oil for use in the arts..... 
Arsenical compounds.............. 43 POAT IN TOR ON seat ses aod cashes oy iain sreleletoiols\ chars 
Asbestos and asbestic mastic...... 5,514 G8Bsi( NTORIG Acide. daswccu. sertitiar scsi 
Asphalt, itch, and wood cement. . 62,299 39,671 || Ozokerite, crude..............5065. 
Barium c nloride Brea Aen Sey cant, oe 1,768 3,353 || Ozokerite, refined................-- 
Barium salts, N. E.S 43 Si45Ic Petroleum, Crude.iss. ssc sacle ce ne « 
Bany ta Wilte oe iicises iste fare siiatere ns OW 2,765 || Petroleum, distilled................ 
BaiMbOsixaarommiuiete ciacice restarts 3,135 67,179 || Petroleum, refined ................ 
Borax and boric acid 2,537 P-DOde || SED OSPHOLUSH se circiats eevee s cieleteleteve ofere 
Brassvand tombac. 7.50. ce ees sce.s 1,709 5,013 || Pitch, except asphalt.............. 
Bromide of potash and other bro- POURS scoters cisreis sce strc: csaon slglaoiein siaices 

mine preparations.............-- 1 AD | POtASH CAUSTIC irae se. 0 el sicre os are! rats 
BrOMING cy wets ciesc wet ccs is wise actoke: oreo 01 228 || Potassium and sodium chlorate... 
Caleitim’ Ghloride.s 23 i. cise sieves 185 888 || Potassium chloride................ 
Gabon disulphide. so iscsi ch 50 178 || Potassium chromate .............. 
GaMbOnici aids: cwne case pewrsine cine. i4 8,718 || Potassium cyanide ................ 
OBIVentE eae. bacco aac stare 87,262 560,612 ||} Potassium iodide and other iodine 
Chloride Of sles: .vi.)ssiecs wih cesnicie 128 32,705 PLCDALALIONG sss sts: 6 slajee ca + clciels 
Chloride of magnesium............ 28 16,102 || Potassium sulphate................ 
@brome aU eects occ rine sirens 9 Te QOOE OUI KSUV ON css ot oe oftiaie vie nivialesic,s 
CHROMO OVO shes cee kee esi os BSIS | alee cess yee e owiees viatateestacrsieers 
CORES tcclidsmaecslcamne we 15,266,267 || Saltpeter, Chile... .........0esseoee 
Coal-tar oil, light........ ,260 || Saltpeter, potassium............++. 
Coallitar-oil:Heaviyn. <2. v0.55 «essa. 5: 900" SOGay GAlCMGG... 7)... veces esewecpee 
Cobalt and nickel ore 964 || Soda CaMUstiCwisatcrcccisa es ccs 6 
CORRS Save dinars: Gaatate Clo shies s orate lores lets 2,096,931 || Soda, crude and crystallized....... 
Copper, Crude.......+..seseeseeeees | 5,091 || Soda chromate.......-........00.. 
Copper, in bars and sheets.. 151 1,870 || Soda, double carbonate............ 
Copper alloys, in bars, sheets, ‘ete. 57 3,082 Sodium and potassium sulphide... 
(Opin nich OLE) Oe nae een net oan Or 9 210 || Stone, refractory, from clay....... 
Cryolite and bauxite.............. 25,361 503 || Strontia minerals..............0005 
POX WIOSIVOS iis: sssuicleie storecerstsiere oierele tees 50 3.497 || Strontia preparations............. 
BIGOISPAl sauces seh ee os ses ce ss 515 12:604" ||: Sulphur ss vate erte rien eee 
Gold, silver, and platinum ores.... 8,764 6 || Superphosphate................6. 
Gold preparations and salts....... O11 6 || Thomas slag, ground.............. 
Graphitey Crude, cic. 5 occie oie oe we 17,374 1,667 | SUEY es enimal slesoterete aictevalchecaiaceto cd \ctets aleteretoreials 
GUND O WOES. <5 vinsisic.c sisters wetness 49 ARSGOS eb TRY SOLUS en ste cieite cicatereccldesesress eens 
GYADSUBA isin Ga bie e eee eA. ees 7,622 40,090 || Ultramarine..........+++. .+. 
Hydrochloric:acid............5.0.2 550. 3,053 12,143 || Vitriol, all Wevidgis 3 oss ons A 
FOGMRB SS ts chien ie eres tn eteels 266 27 | Water; elass WAR oe tae sie clnee eRe Rs 
Trontcrudev all kinds 4.) eee as 293,866 303,846 | WiitHlOUreGie.ciesices ask ce oeieelecomnes 
Iron, wrought, in bars............. 22,499 329,513 |) | Zinc, IDLO. tsicitvscc sewer con deers 
Tron alum anda iron mordant....... 491 BORA ZAM OVO tie: vases Soiree metaverse oun . 
EPORVOFES aor fis css se iced ewe es caves 4,370,022 | 2,389,269 || Zine, sheet............6.. eee eee eee 
TROM: OXIME! TOO e355 6510 hop scien tees | 2,259 1,549 || Zinc white, zinc gray, and zinc 
Kaolin, feldspar, and refractory} BUN NEO ss cistsoiseujeioitts es sienere sina 

CAAA aleiisiasioelc eocsiies's oat sumtere anes 249,180 128,174 


Imports. 


104,809 
52,886 
423 
8,108,943 
244 


Exports 


28,170 
20,820 
16,966 
21,718 


ee 
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MINERAL PRODUCTION OF BADEN. (@) (IN METRIC TONS AND DOLLARS; 4 marks = $1.) 


Iron. 


ao Bary tes. Coal. Fire Clay. Gypsum. SpRNTY  Sraeaus 
p . Found ry. 


1,824 | $27,133} 130] $97 4,001 | $11,003 $4,267) 32,801 | $24,651 | 31,356 | $1,730,776 
1,824] 27,134] 400] 300 4,752 | 11,880 : 6,654) 40,702 | 26,972 | 36,285 | 1.876.262 
2,051 | 30,505 | 1,160 | 825 4,133 | 10,333 3,529] 28,037 | 16,137 | 39,988 | 1.876.262 
2,153 | 29,610 | 2,480 | 2,126 4,700 | 13,000 3,475) 29,419 | 18,871 | 53,608 | 2.769.958 
2,286 | 38,725 | 2,970 | 2,745 4,930 | 15,406 | 3,06 2,650) 26,381 | 15,429 | 50,102 | 2,745,058 


oe ae Ss Lead and Limestone. Manganese Salt. 


Copper Ores. (d) Ore. 


Ingot. Wrought. 


8,418 ($143,371 | 1,118 | $51,954 ‘ 116,913 }$16,496 | 130 | $325 29,227 | $136,993 
147,718 | 1,167 58,401 137,670 | 19,502 31,445 | 136,993 
147,718 | 1,167 58,401 164,979 | 26,104 31,445 | 136,993 
3,830 | 171,863] 1,402 63,117 ) 201,015 | 31,674 31,197 | 116,797 
3,532 | 184,999] 1,364 85,217 : 221,097 | 36,312 ( 32,€99 | 192,204 


Sand Quartz. {Stone Porphyry.|} Sulphuric Acid. ipoli. Zinc Ore. 


1,198 $602 14,226 $78,243 
1,648 1,172 5 13,365 73,507 
1,694 910 } 13,365 73,507 )° ) 

1,461 798 .26 5,565| 13,660 68,300 j $6,245 
2,668 1,212 5| 15,938 92,840 : 3 f 39,898 


(a) Reported to THE MINERAL INDustTRY by the Grossherzogliche Badische Domdnendirektion, Carlsruhe, 
(b) Not reported. (d) Including cement stone and bituminous shale. 


MINERAL PRODUCTION OF BAVARIA. (4) (IN METRIC TONS; 4 marks — $1.) 


Clay. Goal: Coal, 


Barytes. woe 
Fire Clay. Kaolin. (Lignite). 


| 8,897 | $3,404 | 110,174 | $251,899 | 19,080 | $26,268 900,080 | $2,129,069 35,934 $33,581 
3,865 2,906 | 144,425 | 300,495 | 24,086 | 38,345 917,022 2,267,086 39,043 * 24,913 
4,339 6,465 | 282,994 | 671,465 | 29,196 | 35,426 964,611 2,449,264 38,663 32,842 
6,214 8,642 | 271,792 | 505,083 | 25,822 | 23,573 | 1,004,421 2,648,276 | | 35,736 33,228 
10,515 | 15,067 | 187,501 | 463,689 | 58,795 | 68,274 | 1,185,296 3,349,126 39,165 36,117 


Copperas and | 


other Sulphate. Emery. Feldspar. Fluorspar. Graphite. 


| 
601 $32,209 | 249 | $2,527 | 1,815 | $3,145 | 5,218 | $8,280] 5,248 | $72,108} 28.799]$15,334| 161,279 $164,262 
981 38,540 | 217 2,307 | 1,689) 4,678 | 4,904] 5,744) 3,86 66,126} 26,153} 13,609} 172,699] 173,809 
886 42,663 | 280 2,156 | 1,949! 8,052 | 4,440] 5,210 9: 97,916} 25,688} 13,166] 171,987} 178,180 
900 44,236 | 399 4,180 287 | 1,085 | 3,631 5,366 120,292) 29,727| 20,652] 181,981) 194,348 
916 45,160 | 414 4,430 460} 1,723 | 7,456 | 10,568) 9,248 | 136,620) 35,484) 17,199] 178,441] 199,992 


Tron.—Continued. 


Cast, Cast, Pig. Wire. 


Bar. 1st Fusion, 2d Fusion. 


53,573 - | $1,587,338 | 114 | $3,993 | 71,006 | $3,378,2 79,621 | $907,306 | 243 | $6,232 
58,200 1388 | 4,829} 78,008 | 3,735,979} 83,418 | 968,932 | 252 6,895 
58,342 ,864, 476 97 | 3,566 | 84,227 067,760 | 84,144 | 1,005,125 | 823 9,628 
61,415 102,492 | (b) 92,459 323,992 | 83,821 | 1,019,184 | 111 3,372 
49,727 | 3,78 29 §9,692 82,327 | 1,114,250 | 221 6,780 


Iron.—Continued. 


Manganese 


On: Marl. Mineral Paints.| Pyrites. Rock 


(For Cement.) Salt. 


| 


Steel. 


Seon ttre: | 


101,954 | $2,497,814 | 70 | $35 | 94,481 |) $99,929 ; 26,496 | 1,997 1$14.930| 708] $4,572 
115,580 | 2.851.035 | 130 | 197 | 97,831 '| "60,591 8 675 5,872 | 2.211] 7,080 | 1.161} ~ 5.582 
120,623 | 3.284.299 "...| 110,757 | 52,374 81,787 | 2.304] 7,285| 7361 4.026 
134,007 | 3,898,125 20716 | 79.917 ‘ ‘ 2°516 3 802} 6.610 
135,411 | 4.356.116 180,032 | 74,054 78 | 2,120 1,298 | 6,562 
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; Silica Sodium a ROUORE SS 

Year. Salt, Brine. (Quarts Sand): Slate. Soapstone. Sulphate. Hee 
’ P- 
TWBOG shes scree ors 40,400 |$438,379 | 29,868 | $8,441 | 1,565 | $14.252} 3,051 |$52,458 663 | $3,067 | 20,559 | $86,620 
: TSO Gerace ees 41,533 | 388,029] 31,678 8,812 | 1,496 | 14,001) 2,464 | 35,360} 2,818 | 12,749 | 14,647 57,343 
. TBO Bas crclerercosisetaiee 39, "17 | 469,629} 45,907 | 17,444 | 3,956 | 24,039] 1,912 | 29,193} 2,332 | 14,185 | 16,720 81,892 
i be) 0 1 agen ea Po era 41.207 422,641 89,922 | 17,000 | 2,066 | 22,915) 2,197 | 33,860} 1,570 8,625 20. 195 | 95,902 
TOOQ ES Sse sisters oe alte 44,431 | 482,550| 42,671 | 20,046 | 1,904 | 21,457) 1,977 | 32,240) 1,821 ae 16, 268 | 76,898 

Stone—Continued. 
ea ; Sulphuric || 
: Granite and other Limestone. | Lithographic. Sandstone. | Whetstone. Acid. 
Massive Rocks. 

so gute] [Beets lucene sie Ms 
1896.... 658,581 $856,753 | 238,434] $74,982 | 10,868) $163,020 | 235,518 | $321,591) 88 \$3,740| 7,064) $61,214 
1897.... 663,749 711,029 | 224,550} 76,385 | 13,941) 217,821 | 242,112 815,117; 95 | 3,800 7,041 63,709 
1898.... 78,171 790,124 | 214,309] 78,897 | 12.029) 180,435 | 296,139 418,580} 85 | 1,675 | 103,385 |1,020,499 
1899.... 490,712 729,632 | 267,180} 93,891 | 11,962] 239,240 | 315.786 417,917) 81 1,125 | 123,273]1, az 000 
1900.... 523,279 810,330 | 297,635} 111,460 | 16,030} 328,100 | 314,154 878,795| 25 500 123,910 12521500 


(a) From the Uebersicht der Production des Bergwerks-, Hiitten-, und Salinen-Betriebes in dem Bayerischen 
Staate. (b) Not reported. 


MINERAL PRODUCTION OF PRUSSIA. (@) (METRIC TONS; 4 marks = $1.) 


Anti Arseni a 
Year. Alum Shale aad Tilaes. Deena. Arsenic Ore] Asphalt. 


154 | $231 | 1,239 | $113,886 1,750 | $130,539 |3,247)$41,196/16,204|$43,715 
129} 193 | 1,552 152,744 1,924 143,775 3,377 50,655/11,466) 18,706 
107} 161 | 2,612 | 251,642 1,624 121,818 |3,298] 49,470 12, 822] 20,402 
145} 217 | 3,003 | 352,565 1,469 128,543 3, 265) 52 406/16, 458] 41,149 
103 | 154 | 8,025 | 376,195 1,585 138,663 3, 581| 66,403)/23,891| 59,725 


A Cadmium, Coal. Cobalt 

Year. Boracite. Ke. Coal. (uicnite,) Cobalt Ore. Procicis. 
TGOBE reich 171} $9,896) 10,667 | $20,435] 78,993,655|8132,782,104| 21,981,201 /$12,195,391] 181 | $9,868) 69 | $220,624 
WOOT cone 185 9,663] 15,531 | 44,157) 84,253,393) 145,665,149) 24,222,911] 13,824,245) 121 6,256} 51 166,015 
1898) 35 3. 216| 10,162} 14,943 | 31,162) 89,593,528 160,465,335 26,035,814| 14,781,896} 34 1,700| 44 141,952 
W8Q0 ss cs 171 8,337| 18,608 | 21,336] 94,740, "829 179,284,452] 28,418,598) 15,876,512) 17 850} 46 149,725 
OOO sects 217| 10,261 acl 20,511} 101,966,158} 219,562,750] 34,007,542} 20,064,519) 4 160 2 156,890 

' 
Copper and ‘ M | Toh 
; ., Matt } 5 x 

Year. Copper. Tron Sulphate Copper Ore Copper Matte} Copper Sulphate Epsom Salt. 
1896..... 25.683 | $6,398,780 | 126 | $4,266. | 707,395 | $4,186,321) 369 | $27,098 | 2,568 | $196,592 | 1,793 | $3,971 . 
1807.....| 25,997 6,696,664 | 225 8.548 690,338 4.695.679 | 274 18,157 | 2,689 225,877 2,248 4,882 
1898..... 27.216 | 7,277,385 | 120 4,126 | 691,866} 4,867,052] 62 2,170 { 1,701 139,109 | 2,061 4,468 
1899..... 20,902 | 11,386,549 | 154 6,019 722, 884 5.137,918| 95 4,045 | 1,586 142,124 5793 3,676 
1900. 35.56 27,156 | 10,348,578 | 162 6,845 | 747,601 | 5;950,743| 81 3,510 | 1,660 151,741 | 1,511 3,115 

Tron 
Year. Gold—Kg. Tron. Tron Ore. Sulphate. Lead. 
1896s. cic nsile ve 755° 2 $524,958) 4,470,551} $55,144,390 | 4,053,109 $7,101,832 | 8,618 $29,383 |102,413} $5,621,335 
TRU Zee eeictecne es 1,087°1} 756,184 4,892, 059} 64, 780, 081 | 4,183,536} 8,432,766 | 9,064 35,037 |108,880| 6,556,528 
WSUSe ein coer 1,036°3| 719,787) 5,176,943) 69,822,640 | 4,020,809) 8,135,065 | 9,144 31,007 |119,346|. 7,692,050 
18995 6 cies vice sie’ 1,016°4| 708,524) 5,644,614 83. 302.190 | 4,295,575) 8,780,892 | 10,186 81.732 |116.995| 8,438,993 
1OOD 2 Se as catcen 1,076°6 | 751,253] 5,781,892) 95,567,025 | 4,268,069 | 9,421,592 | 10,225 35,784 |109,803; 9,194,077 
| 
; Manganese . : Nickel 

Year. Lead Ore. Litharge. | and Alloys. |Manganese Ore| _ Nickel. Nickel Ore. dulphate 


1896. .| 138,398] $2,998,433] 2,544 | $153,432) 86 |$42,225 | 43,614 |$102,384 52 $713,455| 738) $4,540} 128 $31,360 
1897... 133, 158 3,122, 880} 1,999 | 127,7371113 | 58,000 | 45,254} 103,137 | 898) 760,562) 204) 1,580, 167 42,327 


1898... 133,637 3,218,107) 2,860 | 166,554) 99 | 51,250 | 42.232| 96,691 |1,108} 706,198) 79 693 | 127 21,690 
1899. .| 128,942 3,476,974 2,482 191,601 143 | 81,250 | 60,379 | 158,946 1,115) 705,125) 91) 1,067} 128 21,246 
1900..| 147,042) 4,450,780) 2,366 phase 90,710 | 58, ped 165,263 1,980} 1,231,801 Bee 19,488 | 142 31,500 


Ocher and other 
Mineral Paints. 


3,024 


- THE MINERAL 


INDUSTRY. 


Potassium Salts. 


Petroleum. 
Kainite. 


Other Potash 
Salts. 


Pyrites. 


1,5121946,867 
2,600] 73,088 
2,545] 70,513 
3.405} 91.714 
27,731] 608,932 


716,348 
744,240 
744.657 
857,271 


9 5S 


616,462 $2,424,132 
2,529,349 
2,560,761 
2'559, 169 
8,036,771 


{ 

587,306) 
640,236 
718,957 
941,055 
1,264,993 


$1,786,786 
1,898,647 
2°161,101 
2°622,148 
8,598,825 


117,545 
121,766 

128, O77 
134, 564 
159,7 vee 


$203,745 
209.201 
220,411 
234.596 
282,483 


‘ 


Quicksilver. 
Kg. 


(b) 

4,867 |$4,684 
717} 4,292 
2°611| 3,264 
1,677| 1,640 


Common. 


Rock. 


Selenium. 


Silver—Kg. 


Silver and 
Gold Ore. 


Sulphur. 


Sue $1,848,166} 305.2 
1,643,473 310, 755 
1.640.214 
1,645,182 
1,764,750 


27| $346,952 
358,697 
329.959] 377,162 
331,943] 391.403 
354,603] 417,750 


| 288,467| 
2) 289,960 
291,969 
293,858 
260,611 


5,907, 


$6,534,058 
72 
5,776,802 
5,983,217 
5,421,778 


$18,748 
4,901 

2° 866 
30,547 


7661 | 1,1 


2,011 
2,091 
1,757 
1,419 


$41,041 
42,860 
38,386 
30,008 


79 | 24.808 


Sulphuric Acid. 


Zinc. 


Zine Ore, 


Zine 
Sulphate. 


456,781| $2,934,098 
484,289] 2.890.702 
531,838 
578,733] 3,617,024! 
566,368| 3,636,776 


804} $231,111 
912/ 282.384 
979| 367,155 
1,461) 858,581 
'2,001| 1,286,810 


3,223,613 


153,082 
150,739 
154,643 
152,987 
155,760 


$11,775,566 
12,608,525 
14,686,429 
18,215,992 
15,513,053 


(a) From Zeitschrift fiir das Berg-, Hiitten-, und Salinenwesen. 


MINERAL PRODUCTION OF SAXONY. (@) 


729,725 
663.739 
641,671 
663.763 
636,068 


$4,254,351 
4,219,761 
5,511,655 
8,847,039 
6,397,930 


3,102] $46,723 
3,583| 54,601 
4,158| 65.987 
4,864] 77,585 
6,026] 80,250 


(b) Not reported. 


(METRIC TONS AND DOLLARS; 4 marks — $1.) 


Arsenical, 
Sulphur, and 
Copper Pyrites. 


Year. 


Bismuth, and 
Bismuth, Cobalt 
and Nickel 
Ores. 


Barytes. 


Coal. 
(Not Including 
Lignite.) 


Coal. 
(Lignite.) 


Fluorspar. 


574°2 | $1,554 
218°4 


215°8 
516°4) 1,725 


3,168°7 | $141,735 
3.030°6 | 131.952 
3,043°4 | 136,167 
1.161°8| 131,679 

594°7 | 148,192 


616 
77°9} 1,270 
587 


4,586,608 | $10,778,005 
4,571,685 | 11,563,214 
4,436,455 | 11,829,001 
4,546,756 | 12,435,239 
4,802,700 | 15,076,017 


,035,825| $663,590 
,073,239| 666,358 
5180,928] 728,156 
292,848] 793,712 
1,540,512] 1,077,035 


1 
1 
1 
1 


1,355 
1,462 


805 
592 
V5 


$1,509 
1,110 
11453 
2°541 
2744 


Galena. 


Iron Ocher, 
Swabian and 
‘Colored Earths 


Iron Ore. 


Limestone and 
Various 
Products. (0) 


Manganese 


Ore. aug 


Quartz, Mica 


Uranium 
Ore. 


-| 2,844°5 | $155,848 
(j) 


333°4 


$1,054 $4,314 
12,837 

6,197 
12.880 
12,094 


92°7 


10°0 | $6,967 
35 7,682 
8,110 
9.297 
8,538 


(j) 


20°1 
39°7 
116°9 
118°0 


827 
629 
1,628 
1,659 
1,163 


Silver Ores. 


(c) 


Tin and Tinstone Wolfram. 


13,315°3 
11,428°5 
14,658 °9 
13,585 °3 
12,591°5 


$455,183 
449,625 
467,77" 
449.274 
506,997 


40 3 
86°7 
50°6 
50°4 


171079 | 42°3 


7,149 

7.085 
11,597 
12,943 
10,994 


Specimens 


Totals. 


706 
540 
921 
729 
343 


5,606,044 
5,683,437 
5,649. 107 
5,871,570 
6,373,319 


$12,257,580 
12,878,552 
13,215,913 
13,883,700 
16,891,244 


Manufactured Products. 


From a Part of the Coal. 


From a Part of the Lignite. 


Briquettes—M. 


Coke. 


Br iquettes 


—M. 


Lignite Bricks—M. 


1,981 
| (k) 8,547 
| (k) 5,321 
(k) 8,457 
B 11,582 


$7,997 
13,517 
18,363 
29.659 
46,160 


77,086 
7, 507 
92,245 
74,284 
73,508 


$209,248 
331,863 
340,685 
362,065 
423,464 


128,571 


(k) 58,460 
(k) 71,576 
i 91,518 
(k) 97,150 


$81 933 


58,374 
60,166 
62,244 
60,954 


220, 872 71,767 


"7 
a | 


$104,506 
105,456 
112,804 
107,347 
144,870 
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METALLIC CONTENTS OF THE MIXED ORES INCLUDED IN THE PRECEDING TABLE WHICH 
WERE DELIVERED TO THE FISCAL SMELTING WORKS AT FREIBERG. (a) 
(IN METRIC TONS; 4 marks = §1.) 


Nickel 
3 Arsenic. |Copper.| Gold. | Lead. | and Silver, | Sulphur. | Zinc. 
Year, Total Mixed Ores. Tons. | Tons. | Kg. | Tons. cost Kg. Tons. | Tons. 
g. 
TSO Ge se'a sao e cleave 24,923 $638,237 803°2 20°0 | 0°1736 | 8,887°5 | 180°1 | 26,268°0 | 3,784°9 122°6 
WED iecols wrersisterrare ei oke 20,772 477,664 353°1 9°6 0°1396 | 5,016°2 (j) 21,974°5 | 7,898°3 124°6 
MBAS cise careers 31,724 658,756 85°4 3°5 (j) 5,769°7 (7) 21,404°9 | 5,445°9 305°3 
SOO miacrsveses tte eee 20,956 472,089 242°3 21 (j) 2.71774) (7) 18,3061 | 4,070°5 118°2 
1900. Ar oc eee 20,794 530,079 | 171°0 1°4 (7) |2,492°6| (Cj) | 19,915°6 | 4,216°2 | 34-9 


PRODUCTS SOLD BY THE FISCAL SMELTING WORKS AT FREIBERG AND THE COBALT WORKS 
AT SCHNEEBERG, GERMANY. (@) (IN METRIC TONS AND DOLLARS; 4 marks — $1.) 


Lead. 
Yeas Arsenical Bismuth. a eee Fine Gold. 
ei) yes Kg. roducts. ulphate. Kg. Products. (e) Sheet: 

1896....| 882] $90,626] 1,112 | $1,765 | 599 |$431,318} 2,547 | $197,421 | 847 | $590,227 | 5,810) $333,744 | 830 | $50,953 
1897....| 1,063} 127,122) 1,624] 3,801 | 628 | 581,559) 1,87 162,881 | 889) 619,881 | 5,421) 332,652 | 634] 41,626 
1898....| 1,053) 181,710) 1,875} 3,774 | 631 | 620,217) 1,77 146,164 | 851 | 579,519 | 7,456) 486,095 | 647) 45,710 
1899....| 953) 188,572) 1,800] 3,448 | 645 | 705,347) 2,550 | 228,933 | 832) 581,001 | 6,423| 463,557 | 1,012 | 77,254 
1900....| 829| 124,587} 1,675] 4,424 | 596 | 768,199] 1,545 | 184,497 | 899| 628,244 4,633) 899,906] 514) 46,813 


Lead.—Continued. 


Year. Other Manu- | Nickel, Speiss.| Fine Silver—Kg. peo Acid. Coe 


Shot. factures of. (f) 2 


1896....| 149 | $10,001 | 218 | $14,874 83 | $7,195 | 46,577 | $1,063,337 9,238 $97,812 499 | $5,788 
1897....| 142 9,850 | 224 15,771 (i) 4,166 | -72,862 1,465,076 | 10,783 73,450 472 | 5,672 
1898....| 127 9,515 | 218 16,746 56 3,409 | 79,555 1,583,071 | 11,574 102,639 545} 5,820 
1899....} 203 16,851 | 301 26,759 54 3,469 | 85,741 1,748,021 | 11,844 113,776 565 | 5,485 
1900....| 158 15,202 | 152 15,419 30 1,795 | 83,886 1,751,600 | 11,265 119,565 519} 5,418 


5 Clay and (a) From Jahrbiicher fiir das Berg- und Hiittenwesen im 

Y. Zine and Zine | Chamotte LV. Konigreiche Sachsen. (b) Including arsenic powder, slags, 
ear. Dust. Manu- | Total Value. || washing-sand, granular ore, refuse stones and chippings. 
factures. (7) (c) Including silver-bearing lead, copper, arsenic, zinc and 


sulphur ores. (d) Including arsenious acid, red, yellow and 
white glass, and metallic arsenic. (e) Including assay lead, 


1896... 16 noes $12,593 $2,909,008 soft lead, antimonial lead, litharge, lead fume and tin-lead. 
i OK ae a He es aes (f) Including lead pipes, lead wire and various lead appa- 

DOo eee ; ar (| i 9 i i i i ¥ 
1899... | 169 91°99 16°402 4°145 102 ratus. (g) Including sulphuric acid of all kinds. (h)Includ 


; : iug copperas aud glauber salt. (i) Including tiles, plates, fig- 
1900....) 29 3,521 14,375 4,083,565 ured stone, muffles, clay and a ewes crucibles, and assay- 
ing utensils. (j7) Not reported. ( 


) Quantity stated in.tons, 


GREECE. 


THE statistics of mineral production in Greece are summarized in the fol- 
lowing tables: 


MINERAL PRODUCTION OF GREECE. (@) (C) (METRIC TONS AND DOLLARS: 1 drachma—20 cents.) 


Calamine, 
Calcined. 


$22,400) 3,650 
8,087] 3,024 
18,000] 3,932 
55.310] 4.360 
70,200) 6,328 
47,770| 5.691 


Iron Ore, 
Manganiferous. 


166,850 | $417,120 
182.850 | 499,180 
213,938 | 641,840 
294,320 | 896,500 
243.920 | 782.940 
196,152 | 579,110 


Year. Blende. Chrome Ore. Emery. Gypsum, Tron Ore. 


$77,745 
64,411 
83,754 
92,868 
134.786 
115.446 


1896.. 
1897... 
1898.. 
1899... 
1900.. 
1901.. 


1,750] $31,520 
3,118] 58,826 
1,139] 22,320 

30,936 


20,950] $301,680 
22:817| 489.357 
30,906] 562.490 
21.770) 539.890 
18.751} 395.270 
17,764] 274,070 


1,600 

563 
1,367 
4.386 
5,600 
4.580 


2,150 

918 
1,500 
1,465 
2.281 
7,190 


225,600 
260,828 
287,100 
331,030 
279,830 
278,640 


$314,700 
375,592 
413,230 
499,430 
481.394 
414,000 


Lead Ore, 
Argentiferous. 


Lead, 
Argentiferous. 


eas Magnesite, 
Lead, Soft. Lead Fume. Lignite. Grude! 


480 
520 
805 
291 
245 


$28,900 | 3,200 |$137,600 


2,815 | 125,174 


14,700 
15,946 
18.888 
18,768 
16,150 
17.644 


$1,325,095 
1,524,977 
1,832,136 
2,156,443 
1,676,510 
1,550,520 


$34,800 
39,500 
54,100 
63,580 
62,197 


$10,510 
27,248 
28,424 
23,720 
37,910 


14,000 
20,018 
17,310 
12,150 
12,940 

9,726 


28,000 
40.000 
34.620 
24.300 
25,200 
18.530 


11,600 
11,311 
14,829 
17,184 
17,277 
13,410 


44,680 


Year. 


1896.. 
1897... 
1898. . 
1899... 
1900.. 
1901.. 


(a) Statistics communicated by E. Grohmann, Seriphos. 
ocher, 40 metric tons, value, $104; in 1899 speiss from lead smelting 
9 tons ($72); soapstone, 97 tons ($585); speiss from lead smelting 


506 17,140 


Magnesite, 
Calcined. 


‘807 
12,009 


Manganese 
Ore. 


Millstones. 
Number. 


15,500 | $93,600 
11.868] 73,580 
14,097} 90,220 
17,600] 98.560 
8.050] 45,170 
14,166] 52.610 


(b) | $8,200 
6,975] 3,785 
18,500} 9,500 
12,563} 6,307 


13,386) 8,305 


Puzzolan, 


31,300] $30,100 
42.600] 38/340 
70.700) 72/114 
46,375] 39,882 
49,426] 42.506 


16,400) 9,371 


80.223) 68,190 


Sea Salt. 


22,800|$344,280 
20,421] 308,357 
25,250 363.600 

579,150 


87,125 
386,165 


22.411 
23,079} 351,700} 


Sulphur. 


1,540 | $35,500 


($345); soapstone, 150 tons ($1,100). 


(b) Not stated. 


(c) There was produced also in 1898 
, 1,100 metric tons ($12,760); in 1900, asbestos, 
, 3,767 tons ($41,566); in 1901, asbestos, 43 tons 


THE official statistics of mineral production in British India, and the imports 
and exports, are summarized in the subjoined tables: 


MINERAL PRODUCTION OF INDIA. (@) 


(IN METRIC TONS AND DOLLARS; 4 rupees = $1.) 


Asbestos. 

Year. Alum. Kg. , Borax. Clay. Coal. Copper Ore. |Fullers Earth. 
LSQGR zie se 418 | (b) | 804 |’ $12] 340] $30,034] $830,922 | 3,909,764 | $3,065,067 | 22 $210 (OO) ef ee 
TSO Geietics 509 | (0) 254 10] 280) 23,622 (c) 4,128,330 | 3,116,647 | 33 69 318 $125 
1898. .35:.-. 762 |$15,750) 254 10} 184} 15,456 (c) 4,678,640 | 3,576,167 | (6) | ....... CD) arectanteah esas 
1899...... vi eee ees 2D) ovine. 508,862 | 5,016,055 | 3,884,968; 52 | 256 | (b) |...... 
1900 sos eaeiallinteiace sis 51 RL CCO) Nive istaiars 1,031,665 | 6,216,882] 5,036,555 | ‘77 61 (O) Saha: 

Year Gold—Kg. Granite. (c) Graphite. Gypsum. Iron Ore. Laterite. 
ASOG set ~ eke 10,662} $5,314,617} 835,697 | d$124,777) (6) |.... «- 7,605 |$1,017 13,996 | g22,225 5,867,878} c$70,235 
LSOG. as 12,100} 5,581,439) 633,302 129,381 (HM aacticd 8,187 | 1,082 |44.009} 38,075 | 5,899,794 c94,074 
1898...... 12,773] 6,031,890} 8C6,131 | 123,815} 22 |........ 8,390 | 1,160 |50,559} 46,902 | 6,173,887] (ec) 
1899...... 14,214] 6,461,560] 811,019 | 136,444) 1,548 [cB5,825 | 6,546 | 592 | 61,697| 46,843 | 6.010,582|c493,826 
1900...... 15,946] 7,094,266] 368,759 | d 72,020) (d) pou 4,415 | 424 ee) 41,481 | 565,251] 147,259 

Year Limestone. Manganese Ore Mica, Petroleum—Gallons. Rubies. 
DSOG ststeccisisiecis atiels(a ele oreis 1,135,730 | $128,291 | 57,782'$113,738] 538 | $85,617 | 15,057,094 | $448,389 $171,884 
WO retovs atctaters eyaio eal) viele = tele 1,861,309 | 195,673} 74,862) 147,500} 703} 49,751 | 19,128,828 565,943 200,613 
SLESONS 5 cin: eperetoinisvalstetsin‘eieisisie's 1,924,577 (c) 61,469} 120,900] 271 | 56,265 | 18,972,368 254,580 217,313 
WOOO. cereale yisleraisleretuccils 2,188,985 | 371,791 | 88,520) 65,344) 630 | 227,378 | 382,934,007 | 71,315 340,993 
WOO Ne siereleleiagerp eisteieseis! siete 1,201,875) 190,102 | 132,767) 425,035} 931 | 221,417 | 37,729,211 557,831 364,974 
Slate. |Soapstone.{ Tin Ore. | Trap Rock. 
Year. Salt. Saltpeter. Sandstone. (e) Pai ies Ci | aba Sea 
Ee — eo - aoa |— — | 
| ,| | | 
1896,;. .:. 1,048,171 {$1,860,821 |16,140/¢s67,200 1,001,245 !¢ $80,521) 22,810) 89,7081 780| 2,719} 82 |s20,361 107,956 $5,447 
1897....| 937,982) 1,219,074/12,819) 440,680) — 956,532 € 48,328) 26,589) 10,102/1,003} 3,915) 62} 9,888 140,764) 19,629 
1898... .| 1,043.823] 1,485.702/11,702) 402,560/c1,174.454| — (c) 26,954 10,755/1,839} (b) 40} 9,572)128,772| (ec) 
1899....| 977,240} 1,324,748/11,397) 408,660] 1,070,799) 134,369} 26,372) 13,359) 785) 5,111) 50 | 17,987 358,871] 53,015, 
1900.... enol 1,146,363) 11,709} 407,414| 400,543) 107,662 7,341! 6,919 2,339) 7,507) 106 | 32,002)756,291| 33,488 
| } J J 


Mineral Industry of the United Kingdom of Great Britain. 


d) Represents only a part of the product, about one-half in 1896, 1897, 1898, 1899 and 1900. 


(a)From the Review of the Mineral Production in India; and the Annual General Report upon the 


(b) Not stated in the reports. (c) Incomplete. 


850 THH MINERAL INDUSTRY. 


MINERAL IMPORTS OF BRITISH INDIA.(@) (IN METRIC TONS AND DOLLARS; 4 rupees~$1.) 


Year. 


Chalk and 
(b) 


Clay Products. 
Clays. 


Alum. Arsenic, Asphalt. Brass. Cement. 


1895-96... 
1896-97... 
1897-98. . . 
1898-99. . 
1899-1900. 
1900-01 . 


$99,550 
62,372 
115,980 
70,637 1; "490 1,090) 12,725 
87,020 13,660 15} 11, 745 
91,990} 140 18,795 1,616 2%, 265 


543 
499 
670 
443 
518 
595 


122 $12, 705} 1,387) $19,502 
"883 12,002 
13,307 


$150,182 
144:675 
187,542 
136,800 
205,780 
271,810 


36,408 |$356,302 
29,196} 278,612 
37,354 | 371,690: 
36,170| 369,797 
87,058 | 500,330 
40,537 | 541.575 


2,910 
2.326 
2.788 
2°914 
1,858 


$30,670 
22,720 
26,950 
24.332 
25,950 
20,045 


Clay Products.—Continued. 


Earthen- 
ware and 
Porcelain. 


x 

Copper and Co 

per Manufac- 
tures. 


P- Glass- 
ware. 


Year. 


(b) 


Brick and Tile. Coke. 


Number. 


Earthenware 
(Piping). 


1895-96... 
1896-97... 
1897-98... 
1898-99. . 


2,328,7411$45,270 
3,915,291] 72,475 
4,507,161] 69.637 
.|8.544,390] 69,082 


$578,555 | 1,011 


21,163) 758,799) $3,390,590 


537,752 
512,605 
468,372 


1,391 
785 


829} 14,162/35 


26, 400} 488.7 
15, 370! 251 574 


732) 2,326,890 
1,213,220 


52, 540} 1,651,390 


14,6261$112,635 


23,968! $5,224,837 $1,852,695 


13,588) 117,352 


15,027 
11,573 


12,237 


180,160) 16,383 


2,688,535) 1,760,460 
3,554,825) 1,441,680 


86,567 
13,899| 162,885 
13,434) 209/770 


12,766 
4.615 
7998) 


2,803,190] 1,655,732 
1,763,790] 2,555,505 
8,057,110} 2,517,255 


1899-1900. 
1900-01. 


8,641,594) 71,420 
. 14,008,397) 74,925 


663,455 
671,585 


663 
780 


18,655|404,382| 2,451,040 
31,220 | 110,312] 749.665 


Tron and Steel, 
Manufactures of. 


Mineral Oils. 


Year, Gallons. 


Tron, Pig. 
(bd). (d) 


Ore. Manufactures 


| 


Ase be 
9} 36,865 
28,302 
38,242 
55,115 
65,815 


3| $372,178 
368,720 
351,545 
291°610 
443,265 
621,215 


1895-96... 
1896-97... 
1897-98... 
1898-99. . 
1899-1900. 
1900-01. 


10,218] $142,490 
13,278] 190,152 
11.045] 155.355 
12.407| 158.290 
13,389] 265,015 

9,673| 226,710 


279,472 
262.562 
281,253 
239.637 
211.892 
256,921 


$9,599,703 
9.131.382 (30 
9,847,455 
8,169,988 |§ 

11,135,815 |§ 

15,015,895 


$8, ea 
17,810 
9,855 
13,140 
24,050 
16,675 


Lees 


ir 
706 
613 


moe 


66,647,921 
68,421,148 
87,325,026 
76,625,406 
70,440,116 
72,601,898 


$6,949,358 
7,720,697 
8,494,467 
7,464,680 
9,799,940 

| 10,844,790 


—= 


Zine and Zine 
Manufac- 
tures. 


Precious 
Stones. 


Paints and 
Colors. 


Year. 
(b) 


Stone and 
Marble. 


Tin and Tin 


uicksilver 
Q z Manufactures. 


Salt. 


2, aah $823,527 
1 9) 551,342 
1,¢ 554.078 
abs 483 416,930 

884| 461,875 
2,179] 786,190 


1895-96... 
1896-97... 
1897-98... 
1898-99. . 
1899-1900. 
1900-01... 


9,685] $704,942 
9,696| 674.395 
9.238 670.6380 
-/10,159| 643,257 
9.263] 884.743 
- {11,009} 1,033,070 


1,630,878 160| $152,038 
1,321.700|118] 102.992 
1,126,225/143| 1191050) 

974,882 99,895 
3,091,155 113,455 
1,924,750 170,435 


413,787 
333,557 
494,503 
418.455 
423.302 
353,465 


5| 43,094 tee 4,564 
2.277 
3,185 
3,795 
3,916 
3,636 


$312,750 
175,580 
244,312 
291,012 
464,715 
401,690 


121 


(a) From the Tables Relating to the Trade of British India. (b) Fiscal. years ending March 81. (c) Also 
imported 2 tons copper ore, value $287. (d) Also imported, 1896-97, 2 metric tons iron ore, $82; in 1897-98, 52 
metric tons; $735, in 1898-99, 597 metric tons of ore and old i iron, $6, 932; in 1899-1900, 1,879 metri¢ tons, $29, 670; 
and in 1900-1901, 711 metric tons, $ 12,220. 


MINERAL EXPORTS OF BRITISH INDIA. (@) (IN METRIC TONS AND DOLLARS; 4 rupees — $1.) 


a 


Glass- 
ware. 


Warthen- 
wareand 
Porcel’n. 


Copper, and 
Manufac- 
tures of. 


Coal and 


Brass. Cons: 


re Borax. Jadestone. Lead. 
) 


1231$38,817 
111} 35,930 
84) 26,325 


204 |s127,385 
188 | 106,012 
162] 76.755 
156 | 70,937 
270 | 138,635 
581 | 196,949 


340 
280 
184 


| 
1895-96... | 
250 
J 


1896-97... 
. 1897-98... 
1898-99... 
1899-1900. 
1900-01... 


| $30,035 
23,622 
16, 277 
24,107 
81,520 
25,100 


82,217 
138,906 


$216,450 
352,810 
216,261] 535,340 
332,307] 838,257] 130) 40,062 
309,459] 1,093,370] 494) 164,975 
550,290) 1,979,560) 1,860) 574, 180 


$12,842 
11,432 
10,157 
8,802 
18,200 
17,735 


$14,997 
12,897 
aa iralyg 
12,742 
21,430 
25,340 


215 
219 
196 
228 
142 
218 


$136,538 | 57 
153,780 |210) 8,427 
150,025, |117 5.127 
156,075 |198] 7,215 
284,785 |237] 12,595 
221,015 | 35] 2/385 


$3,115 


224 
162 


Stone 
and 
Marble. 


Manganese 
Ore. 


Mineral Oils. 
Gallons. 


Precious 
Stones. 


| $37,287 
34,670 
30.970 
29,012 
40,9955 
30,920 


Year. Mica. 


Saltpeter. 
(0) 


| Tin. 


23,122 |$45,515 

94,660 
157, 507 
125,830 
254,015 


566,715 


$10,555) 
14.072) 
16,010 
14.215 
32,865 
31.310 


21 ,4251$1,839,865 
26,845} 1,430,410 
21,218 996,862} 995 
18,263 873, 360} 688 
20,188) 1,280, 980) 1 ,089 
17,600} 1,131,775) 2,150 


315 
499 


13 
86 
49 
43 
39 
27 


452 $268, 052 315,118 sas, 817 
652 191 424 28,225 
590 267, 142 


42} 15,563) 2.860 
556) 202,087 


722/686 | 90.960 
1,148] 366,860! 1,302.297 | 218°690 
1,685 


607,770 280,507] 47,214 


$3,437 
20,362 
10.945 
10,982 
23,120 
15.425 


(a) From the Tables Relating to the Trade of British India. 


(6) Fiscal years ending March 31. 
reported. 


(c) Not 


ITALY. 


Tre official statistics of mineral and metal production in Italy, together with 
the imports and exports as reported in the official statistics of the Kingdom, 


are summarized in the following tables: 


MINERAL PRODUCTION AND REFINED PRODUCTS OF ITALY. (a@) (IN METRIC TONS AND 


DOLLARS; 5 lire = $1.) 


Aluminum, : A * Antimony |Asphalt, Mastic 
Year Alum. Sulphate, Alunite. Antimony. Ore: and Gituiver: 
1896.06.55) 850 $16,260 2,390 | $41,020 | 6,000 | $6,000 588 | $72,440 |5,086) $60,590) 12,490 | $75,280 
FEO Caer sresic 1,030 21,180 2,310 40,160 | 6.500 | 6,500 404 57,072 |2,150| 34,864) 18,644 | 89,125 
RGR cian 1,165 25.060 | 2.915 | 54,560 | 7,000} 7,000 | 380 | 62,550 |1,931| 43,822) 17,813 | 111.611 
1899 ee 945 22,350 2,330 43,287 | 5,800 | 5,800 581 87,900 |3,791| 44,862) 41,782 | 248,084 
1900 iin 1,097 27,131 2,403 46,467 | 5,200} 7,280 |1,174 | 154,360 |7,609 eee 38,127 | 201,863 
Year Appestic Barytes. | Borax, Refined. pone sce Coal. (b) 
F Crude. Refined. 
ISI aac 45,456 | $177,728 | (c) |.....0. 943 79,279 | 2,616|$167,424 253 | $82,838 276,197 |$396,372 
189K ie 55.889 | 189:655:|(c): Wiese tee 990 83,160 | 2,704) 173,056 260 31.200 314,222] 467,111 
nleiRed ea ans 93,750 | 265,645 | 12,400)$74,400 702 50,558 | 2,650) 163,600 166 16,590 841,327] 485,965 
W899: ssc 81,987 | 280,589 | 12,545} 87,653 709 51,084 | 2,674| 171,136 129 11,619 888,534] 551,844 
1900s caw 101,738 | 292,287 | 14,003) 98,010 858 68,656 | 2,491) 169,429) 283 28,350 | 479,896} 708,471 
iE 
Year (Brigneties.) | Coke. Copper. Copper Ore. | Gold—Kg. | Gold Ore. 
1896; Sci85 422,409 | $2,081,645 | 426,906 | $2,695,109 | 2,842 $768,160} 90,408) $424,719)274°7/$189, 024) 7,659/$170,602 
ne (eee 549,050 2,768,350 | 430,617 2,669,285 | 2.980 | 749,954! 93,877] 431,229)316°0| 218,862/10,723] 178,010 
1898...... 594,500 8,373,900 | 469,228 2,943,821 | 3,230 | 878,509) 95,128] 426,299/187°9) 131,818) 9,549) 148,826 
1899...... 566,000 8,262,000 | 485,951 3,102,354 | 3,032 |1,164,697] 94,764] 687,772|113°3| 79,095111,859) 91,416 
1900. eae 703,740 | 4,750,360 | 487,831 8,605,303 | 2,797 oars 95,644| 631,808 ee eal ae) 53,257 
Iron. 
Year. Graphite. B 
3ar, Sheet, . Sheet, 
Ore. Pipe, Wire, ete. Pig. Tinned. Steel. 
W896 Ges erases 3,1481$10,198 208,966] $507,973} 189,991 lg8,606,951 6.987 | $192,681 | 2,918) $256,784) 65,955 |$4,874,5389 
180 seaieewccaws 5,650) 11,300] 200,709) 572,102] 149,944) 7,176,951) 8,393 181,763 | 6,500) 546,000] 63,940 | 4,156,850 
UOOS ote eve 6,435} 17,423} 190,110} 549.248) 167,499 8,173,165 | 12,387 | 259,897] 7,200| 660,000) 87,467 5,417,096 
1809) ea sales nee 9,990] 55,944) 236,549] 706,823) 197,730 | 10,961,105 | 19,218 521,428) 8,000} 960,000)108,501 759,501 
DAS 10,0 eeerereeea 9,720} 55,720 ela 917,104 ee 23,990| 625,884 |10,000}1,200,000}115,887 | 6,865,153 
5 Manganese Manganifer- | y j Petroleum, 
Year Lead. Lead Ore. Gre. Ga Pde Ore: Marble. Petroleum, Benzine, ete. 
| 
1896. . | 20,786\$1,162,469 93,545| $892,865 4 epo| g90:450 10,000) $20,000) 209,428 (c) 9.5041 $128,804 2,7341$296,147 
1897. . | 22,407] 1,462,909 | 36,200) 1,008,525) 1,634} 15,008 21,262) 34,019/236,958 (c) 1,982) 98,456) 8,892} 279,533 
1898. . | 24,543} 1,646,865 | 33,930] 1,044,248} 3,002) 18,707) 11,150) 26,760 271,725)$2,109,440|2,015) 117,826) 5,040) 395,821 
1899... | 20,543] 1,580,423] 31,046] 1,122,161] 4,356} 22,482) 29,574 77,149)|313,744 2,438,624 |2,242 118,812) 5,884) 420,710 
1900. . | 23,763} 2,088,469] 35,103] 1,447,793] 6,014) 30,995) 26,800) 67,000 310,336] 2,409,410/1,683) 98,354) 6,077} 526,255 
Pyrites obit 4 pale 
Year Pumice. _|(Cupriferous in|Quicksilv’r. Quicksilver 
part.) Brine. Rock. Sea. 
1896. CO) SO eres 45,'728}$ 108.825] 186|$174,840| 14,305/$147 ,570}11,974 |$61,298/17 3800 $52,024) 422,555 | $856,072 
1897. (OC) OR eteas 58,320) 156,028}192) 192,00C | 20,659} 157,782)11,725 63,100|19,801 54.404) 429,253 885,637 
1898. .}| 2,766 | $41,678 67,191} 165,610|173} 173,000) 19,201) 132,223)11,546 59,568/18,199| 61,147) 451,426 710,501 
1899..| 7,300 | 141,620 | 76,538] 1988591205) 246.000} 29,322) 191,544/11,021 | 63,950 17,821] 60,468} 363,826 514,074 
1900..| 7,000 | 154,000 | 71,616] 296,055)260| 312,000) 33,930} 225,476|10,890 | 73,340 18,331] 55,277) 838,034 473,823 


——— eee 


THE MINERAL INDUSTRY. 


Sulphur. 


Silver—Kg. Silver Ore. 
(ruved, ) Ground. Refined. 


$882,228] 640 107,251 426,353) $6,134,253} 89,292 cee 71,072|$1,198,447 
917,670] 405 | 85,625/496,658| 8,995,647| 69,178] 1,541,510} 85.872) 1,874,642 
894,157| 435 | _76,048|502,351| 9,708,050/146,001| 3,259,999] 99,494] 2,273,058 
720,022| 540 | 116,652|563,697| 10,769,342|161.509| 3,602,450/110,213] 2.481.727] 11,000 | 73,687 
672,099] 584 | 79,774|544,119] 10,212,903]167, 466 De apes 3,464,408] 14,415 | 68,459 


Zine Ore. 


[118,171] $1,498,129 (a) From Rivista del Servizio Minerario. (b) Includes 

$22,500 (122,214) 1,656,065 anthracite lignite, fossil-wood, and bituminous schist. (c) 
27,000 |1382,099} 2,412,333 

7,662 |150'629| 4,846,666 || NOt TePorted. 

65,759 acake 3,281,696 


MINERAL IMPORTS OF ITALY. (@) .(IN METRIC TONS AND DOLLARS; 5 lire = $1.) 


Asphaltic Prod. Borax and 
(Bitumen. ) Barytes. Boric Acid. 


Antimony. Arsenic—Kg. Asbestos. 


$6,112 ) 51 | $76,572 | 11,892 |$190,277) 549 | $14,284] 166} $18,249 
10,512 5928 61,890 26,120) 57 15,025 | 253 24,221 
11,077 118,640 18,405} 860 22,365 | 147 10,786 
13,335 i ‘ .675 | 167,500 ‘ 23.566} 936 24,346 | 123 10,110 

7,704 164,510 | 1,933} 30,923} 859 22,584 | 122 11,634 


> 
Goes Clk eee ae 


Lime. ; Brick, Tile, etc. Kaolin. Majolica Wares. Porcelain. 


12,810 | $115,290 |15,716) $110,012} 18,504.) $129,528 | 3,775 | $80,200 | 439 $20,293 441 | $123,128 
16,080} 150,120 |28,937) 202,559} 19,086 | 133,602] : 45,752 | 476 24,637 472 126,548 
108,261 |18,252} 127.764) 21,681 151,767 7 72,632 | 101 4,922 588 100,519 
125,178 |18,738] 96,166} 22,410} 156,870 | 12,10: 96,840 | 461 6,230 894 248,268 
139,060 |15,436) 92,180) 25,702] 179,914 9: 76,720 | 148 7,918 | 1,003 280,007 


Clay Products.—Continued. 


Potters Guy to faa Copper Ore. Copper Cement. 
and Manu- Terra Cotta. 


factures. 


787 | $120,820 5 | $84,622 3 | $17,141,116 $67,760 E $184,000 
743 116,980 69,621 59,643 19,594,358 225,540 046 167,840 
825 129,330 : 67,785 31, 27,475,449 820,650 354,960 
173 123,490 & 68,554 59,5! 80,129,246 555,400 3% 239,040 
875 140,050 63,031 | 4,947,180 41,556,312 | 302,000 33,640 


Gold. 


Copper, Brass Copper and Glass and is pucicaas SARA Se 
and Bronze. Tron Sulphates. | Manufactures. Cohn me Unrefined. | Man’fact’res 


Kg. Kg. 


$2,592,932 | 24,255 }$2,037,462| 9,322) $813,134)1,004| $622,480}2,517/$1 308,840 1,5151$570,446 
2,678,833 | 28,878} 2,656,849 | 11,182| 937,282} 444) 275,280) 807) 419,640)1,375] 459,240 
2,645,153 | 25,560} 2,851,538 | 10,399) 863,916] 154) 95,480) 507! 2638,640/1,844) 641,785 
3,802,699 | 27,408 | 3,453,383 | 10,803} 939,677) 181) 112,220] 326}  169,520/1.390! 520,170 
4,814,234 | 32,127] 4,176,549 | 11,356] 1,119,293 188) 116,560) 309}  160,680|1,348) 526,566 


Iron. Iron and Steel. 


Graphite. : Plates, Rods and 
Ore. Pig. Wrought. Manufactures. Serap. 


$12.264 sol $1,425\ 119,491) $1,911,854! 4,820) $327,413 | 52,202 | $6,919,787 | 162,035 
18,882} 5,831} 15,161] 156,019] 2,496,310) 3,801) 269,878! 88,895 | 5,179,932 | 130,988 
26,726] 8,723] 28,552) 169,059) 2,874,010) 4,076) 307,871] 98,564 | 5,533,283 | 138,426 
42,581 |20,799) 58,237) 191,613] 4,213,495) 4,158) 387,234 | 142,645 | 7,132,446 | 245,616 
68,740/}19,205 Brel Ouee 38,856,478} 7,405] 716,735 | 149,263 | 10,444,818 | 197,415 


ITALY. 853 


See ee 


ee Lead Nickel Alloys 
Year. And Alloys Manufac- Oxide and |Mineral Paints.| and Manufac- 
| Ore. (c) | “in Pigs. tures. Carbonate. tures. 
: | | ; 
: | 
) PROG Cae e yers 9,730 | $408,660 | 1,166 $69,978 192 | $39,524) 523 | $41,087 | 852 | $20,441 | 411°3 $473,139 
a foto eset eee Cicer 3 14,854 | 653,576 | 1,178 %5,424 | 247 54,481] 580 43,211 | 888 21,305 | 4382°4 | 473,386 
TBORi is aided sce eu 10,947 503,562 | 1,431 | 100,142) 435 75,950) 647 54,314 | 692 16,606 | 257°7 | 345,793 
TBQQS scsi i. cre heca 7,476 373,800 | 8,990 | 319,232) 249 51,304) 662 60,859 | 958 23,004 | 250°0 | 235,536 
PSQOF Taek oes seks 9,184} 456,700 | 3,257 | 286,727 | 192 58,301} 557 538,705 | 958 22,997 | 231°9} 359,753 
i Potash, ‘ Precious Stones, 
Year. Petroleum. |Phosphate Rock.| Ammonia and Potassium Manufactures. 
Caustic Soda. Sulphate. Kg. 
Z | 
WROG wes = Ga jajetanie terse sainistaie 70,217 |$2,387,388 (ON aealh Seaar events 9,841 |$458,037| 481 | $24,142 | 478°9 | $1,505,464 
WR NeS sie ianies 68,973 | 2,207,139 CO) Ee | Aakers ese 11,012 | 528,537) 562) 30,875 | 490°8| 2,033,714 
WROB Ree cook fats ateve thers 70,654 | 2,402,253 | 65,126) $781,500 11,047 | 493,398} 928) 50,101 818°6 | 1,629,008 
ASOD pr cs HOM clare biovers 71,391 | 2,998,409 | 116,283] 1,395,396 | 12,370 583,413] 1,297 | 75,214 350°1 | 1,323,317 
TWGOO Brees cio rare cata ay 73,089 | 8,215,903 | 140,281) 1,683,372 | 14,077 | 684,269 1,670 | 98,554 | 423°0| 1,801,264 
a : Silver. ae 
Year. Salt. é Unrefined in |Manufactures.| @Quicksilver. Slag. 
Coin—Kg. Bars—Kg. | Kg. 
SOG ee oa (D) a3: eects 22,751 $910,040 | 2,291 | $48,111 | 6,533 |$125,212 30 $27,180 | 30,275 | $363,294 
Bole enamer ie (Gi al ise seats 26,008 | 1,040,320 | 2,484 43,812 | 5,286} 91,453 30 27,270 | 87,201 | 409,208 
TBO Ree ts 26,686 | $96,070 8,241 329,640 991 | *17,8388 | 5,673| 86,594 39 37,440 | 51,199 | 563,187 
1899S. (a) Res ace noor 20,605 824,200 } 1,782 82,789 | 4,881} 80,005 62 68,420 | 56,549 | 678,592 
1900.25.55: 3,367 | 12,121 29,291 | 1,171,640 | 2,678 Bus 4,358| 66,901 49 58,800 | 32,254 | 387,050 
ee Sodium Salts. a fe ee Semin: 
Year. Ti e H 
Carbonate. nes | pee en Bars. Manufactures. 
LOG venteres caress 18,927 | $329,335} 11,685 | $537,501 | 541 $40,320 1,768 $581,955 91 | $85,156 
VOQBs5 5225 ieerperccatreatsiy: skate 20,721 | 393,699} 16,400 705,204 | 917 69,946 1,520 501,732 81 31,560 
PROG eae aw accteelorareyareials 20,845 | 458,588) 19,961 818,409 | 702 48,478 1,722 688,680 109 50,341 
NBG o5.n:ci sucess aco? aisnegarets 22,654 | 498,386] 22,385 940,170 | 671 56,659 1,240 842,996 96 63,380 
OOO Se sence icine ai tiarsiets 23.215] 510,784) 27,706 | 1,191,845) 511 30,812 1,643 1,183,740 56 39,104 
Zinc. : Metals Not Specified. 
Year. i 
Ore. Oxide. Pigs and Old. | Manufactures. Crude. Mates 
CO) eee 540 | $54,020 | 2,596 | $233,640) 3,482 | $421,918 | 1,185 $90,768 | 21} $10,972 


Oyheees 570 | 57,000 | 3.278 | 295,038) 3,556 | 421,153] 1,509 | 114,661] 80) 15,756 
216] $4,320 573 | 63,008 | 2.813 | 303,793] 8,200 | 441,066) 1,612 | 128,044] 27| 14,416. 
Byles 04 | 96,468 | 3.498 | 461,776] 8,221 | 523,130| 2,726 | 245,831] 15] 7,807 
85 | 1,870] 1,054°| 1391141 | 3,627 | 391,738] 3,543 | 491,104] 2,737 | 266,582| 43] 23,166 


(ayFrom the Movimento Commerciale del Regno @ lialia. (b) Not reported, (c) Includes argentiferous lead ore. 


MINERAL EXPORTS OF ITALY. (a) (IN METRIC TONS AND DOLLARS; 5 lire = $1.) 


Asphaltic B a Cement and 
Year. Antimony. Asbestos. Product. Barytes. Bocie: ona Hydraulic 
(Bitumen.) orice Acid. Lime. 
1896) oos..60.. 861 | $57,760 | 130 | $11,673 18,729 $92,375 66 $1,705 | 2,719 |$252,785 | 3,871 $30,968 
WSOC cas R71 43,344 | 170 11,893 15,310 244,960; 143 8,723 | 1,618 | 145,676 | 5,330 42,640 
[SOR shies 338 64,3815 | 208 16,672 19,465 311,440) "0 1,828 | 2,167 | 148,925 | 5,192 41,536 
1899........ 240 50,402 | 245 19,568 26,402 422,432 45 1,165 | 2,872 | 209,783 | 5,462 43,062 
OOO seers crests | 467 96,140 | 261 20,864 | 24,287 388,586 40 1,105 | 2,114 | 167,909 | 6,860 53,510 | 
| { 
ear Clay Products. 
Potters’ Clay 
Year. Chalk. Brick, Tile, ete. Kaolin. Porcelain. and Manu- Terra Cotta. 
| factures. 
1896 teva eis 5,593 | $27,965 | 143,648 | $809,823} 49 $392 99 | $24,912 1,143 {$157,100 | 2,852 $97,548 
0 eG 7,556 37,780 | 125,925 710,155} 93 744 138 38,164 1,292 | 174,910 | 2,472 85,653 
L808 iiste 6,744 40,504 | 125,614 711,089} 94 752 86 28,476 1,347 | 196,600 | 2,751 98,254 
TOQO No sisi: .ers 5,386 32,316 | 136,402 769,182) 94 658 124 39,2538 1,579 | 288,040 | 2,796 102,292. - 
AQOD Seite «mye 2,980 14,900 | 122,388 689,534) 179 1,482 96 29,922 1,753 | 298,940 | 3,051 106,705 


THK MINERAL INDUSTRY. 


ine Ee ae aE ee 


Copper Ore. 


Copper, 
Brass and 
Bronze. 


Copper & Iron 
Sulphates. 


3,603 
2,408 
21356 
1,148 
1,179 


128,979 
200,978 


$61,251 | 643 )$225,211 
40,936 | 641] 281,764 
42,408 | 857] 169,986 
28,900 |1,734| 808,214 


29,475 |1,209} 590,658 


$5,998 
1,638 
2,300 
2507 
7,839 


Glass and 
Manu- 
factures of. 


5,867 |$1,066,612 
6,022 | 1,015,225 
5,209| 849/328 
5,930 1,021,111 
6,158| 1,222,629 


Gold. 
Coin—Kg. 


2.483 
1,608 
6 


2,067 
2,345 


$1,539,460 
996,960 
1,590,920 
1,281,540 
1,453,900 


Gold.—Con. 


Unrefined. 
Kg. 


2,517/¢1,808,840 

1,381" 718,120 

904,280 

: 604,240 
[eae 2,763 1,486,760 


3,727 
4,164 
5,145 
8,114 
7,820 


Graphite. 


Iron. 


Ore. Pig. 


Wrought. 


Iron and Steel. 


Plates, Rods and 


Manufactures. 


$29,817 
45,806 
56,599 
89,257 
86,020 


187,059 
207,619 
217,556 
234°515 
170,286 


$448,941 
539,809 
587,401 
656,642 
613,030 


1,378 
498 
840 
378 
329 


$22,056 
7.973 
14,280 
8,316 
7,894 


427 |$26,006 
1,434 | 67,10 
699 | 38,870) 
611 | 46,069 
440 | 32,798 


1,819 
7.148 
4.606 
4.817 
5,610 


227,305 
662,990 
533,233 
317,186 
875,708 


/s 


Lead. 


Ore. (b) 


And Lead 


Manufactures. Oxide and 


Alloys in Pigs. 


4,731 
4,747 
4.492 
3,129 
3,741 


$151,392 
161,398 
157,220 
118,902 
142,158 


1,419 
2.790 
5,870 
2.497 
5,018 


$85,140 
178,586 
410,886 
199,736 
442,823 


1,441 
1,410 
1,764 


$141,019 
141,672 
189,362 
133,925 
176,146 


910 
983 


Carbonate. 


Mineral Paints. 


ae Alloys, 
and Manufac- 
tures of. 


489 
461 
414 
389 
367 


$47,823 
45,829 
41.413 
42;004 
39,640 


2,412 
2,318 
2,884 
2,784 
2,977 


$53,055 
46,364 
57,684 
55,678 
59,534 


35 
27 
29 
32 

3 


$34,229 
25,270 
28,586 
26,856 
4,030 


Potash, 
Ammonia, and 


Quicksilver. 
Caustic Soda. 


Salt, Sea and 


Rock. 


Si 


lver. 


88 
66 
85 
120 
142 


$7,453 
5.492 
11,718 
10,422 
8.616 


155 
236 
244 
223 
259 


$139,590 


Coin—Kg. 


171,741 
176,522 
126,867 
114,056 
112,902 


212.670 
234,432 
243.850 
310,320 


247,131 
197,913 
136,867 
126,450 


72,605 

8,241 
82,085 
10,501 


329,64 
1,283.40 
420,04 


$360,656 | 28,377 |$1,135,080 
2,904,200 


Unref’d in Bars, 


etc.—Kg. 


26,854 
50,508 
68,607 
82,432 
25,310 


0 
0 
0 


$644,496 
1,050,462 
1,427,026 
687,558 
546,696 


Slag. 


—_—_—_—_———_____. 


4,758 | $4,758 
8,847} 81847 
6,861 | 6.861 
4,898 | 5.878 
4,222] 5.067 


Sodium Salts 


Carbonate. 


Stone. 


Refined, and 
Potassium 
Nitrate. 


Nitrate. 
(Crude.) 


Alabaster, 
Crude. 


Building Stone. 


279 
275 
3891 
438 
486 


$4,855 
5,225 
8,599 
9,638 
10,690 


$2,351 
6,506 
8,255 
5,725 
2,494 


806 
844 
256 
124 
129 


$23,751 
26,482 
17,323 
8,823 
10,808 


289 
269 
457 
714 
489 


$7,514 

6,989 
11,882 
18,577 
12,724 


23,580 
36,229 
35,945 
53,904 
54,051 


$93,699 
117,705 
178,024 


259,519 


266,498 


Stone.—Continued. Tin. 


Sulphur, Crude 
and Refined. 


Marble, Crude. eee Pigs, Bars, etc.| Manufactures. 


$969,000 

996,972 
1,060,848 
1,181,820 
1,099,800 


68,639 
62,750 
68,150 
84,104 
72,619 


$1,937,828 
1,864,862 
2,154,092 
1,768,193 
2,378,338 


356,370 
358.932 
405,823 
424'018 
479,139 


$5,452,461 
6.819.713 
8,359,962 
8,692,375 


9,486,942 


10 
29 
34 
69 
147 


$3,267 
9,699 
13,760 
47,124 
108,426 


89 
109 
177 
176 
153 


$33,994 
41,452 
80,169 
114,864 
104,288 


Zine. 


Ore. Oxide. 


$1,847,264 
2,130,000 
2'601.280 
3.362.568 
2,461,140 


48 
189 
110 
123 
102 


83 
3809 
156 
227 
359 


$4,840 
18,910 
12,122 
14,820 
13,517 


Pigs and Scrap. 


Manufactures. 


$2,979 
27,783 
16,837 
29,977 
38,781 


(a) From the Movimento Commerciale del Regno d’Italia. 


$2,644 
13,142 
3,021 
4,249 
5,558 


———_—— 


(0) Includes argentiferous ore. 


JAPAN. 


THE mineral production of Japan is reported in the subjoined tables. 


MINERAL PRODUCTION OF MINES IN JAPAN WORKED BY THE GOVERNMENT. (a) 
(In metric tons.) 


Year} Gold.—Kg. |Silver.—Kg. Copper. Jron— Pig. Lead. < A BUONy Manganese Salt. 
Ore. | Metal Hektoliters, 
1894. 494-78 %2,726°48 19,942°66 18,467°92 1,464°80 1,170°53] 403°32} 13,257°47 | 11,411,283°77 
1895. 905°14 72,367°89 19,150°96 25,882°11 1,850°32 1,045°69] 640°57| 17,041°02 10,913,474°30 
1896. 963°61 64,644°83 20,113 °57 27,420°77 1,857°66 827°58] 517°28] 17,967°05 9,443,459°79 
1897. 1,038°38 54.387°40 20,424 °67 28,039°88 T7315 848°22] 824°20| 15,447°51 11,144,672°77 
1898. 1,161°27 60,547 °04 21,060°20 23,651°77 1,695°79 1,006°08) 283°16} 11.517°56 11,481,876°52 
1899. 1,678°05 56,264 °00 24,317°90 23,076°36 1,891 ‘51 713°33/ 229°38| 11,855°70 | 10,482,500°78 


MINERAL PRODUCTION OF JAPANESE PRIVATE MINES. (@) (IN METRIC TONS.) (b) 


Antimony. é Manga- 
Year. hy Coal. Copper. | Copperas Gout. Graphite.) Iron. | Lead. ; nese 
Ore. | Metal. : Ore. 
ee SE ROTEE = boa abs t | 3 
1896 (g).| 827°6| 517°3 | 6,048°4 | 5,019,689 20,114 868°6 963° 69 215 27,420) 1,957-7 | 17.967 
1897 (g).| 848°2] 824°5 |138,061°4 | 5,888,157 20,425 |* 42 |1,038°388 391 28,040) 772°3) 15,448 
1898 (g).| 1,006°1 | 233°2 | 7,141°0| 6,696,033 21,060 20°1 1,161°27 347 23,652) 1,705°5 | 11,517 
1899 (g).| 712°0] 229°0 | 5,000°0! 6,721,798 24,318 864°0 1,679°39 55 23,076) 1,988°8 | 11,340 
1900 (g). 81:0} 349°0 | 5,000°0 | 7,429,457 25,304 932°0 | 2,180°00 94 22,712) 1,877°0 | 15,228 
( ! } 


i RC aoa eae teehee al (a) From Résumé Statistique de l’Empire du 

Year ener vee tieer | Sie as | Tin, || Japon, Tokio, and special reports from the Jap- 
ee Refined Kg. 5: | Refined| |; anese Government. The data contained in the 

Os table of production of the Government mines are 

nearly exact, but those contained in the table of 


1896(g)| 9-7 31,314) 1.762 | 64,802°7! 12,540 | 50-0 || Private mines, being the figures furnished by the 
1897 (9)| 35-7 34.743) 2.682 5d 387-4 13.606 | 47-7 || mine owners themselves, are only an approxima- 
1898(g)} 7-9 42,184/ 1,401 | 60.547-0| 10,339 | 42-7 || tion and considerably less than the actual fig- 
1899(g)| 28°0 | i72,478.737| (f) 56,308°5| 10,241 | 18°5 ures. (6) In making the conversions from the 
1900(g)} 33-0 |%121,906,240; 2,700 | 58,953-0| 14,435 | 42:0 Japanese units to metric tons, hektoliters and 


dollars,the following relations were employed: 1 
kwan = .0037565 metric tons; 1 koku = 1°8039 hek- 


toliters; 1 yen = $1; 1 kg.=32°151 troy ounces. (c) Crude product. (d) Number of liters. (f) Not reported. 
(g) Includes production of Government mines, (h) Number of liters. (i) Liters of crude oil. 


THH MINERAL INDUSTRY. 


MINERAL IMPORTS OF JAPAN. (@) (IN METRIC TONS AND DOLLARS.) 
(1 kin = 0°00060104 metric tons; 1 yen = $1.) 


Brass. Copper. | Gold. 


Coal. Coke. Tubes, | : 
Cree ops Tubing. tad Sheet, and oth’r| Coin and 


Rod, and Old. | yf yes. Bullion. 


47 | $20,188 $92,300 $41,243 50,315] $519,380] 6,179 | $42,537 91 |$46,507 | $94,306 | $10,217,458 
20 | 10,496 89,170 | 41,092 70,229) 578,57C} 7,600 56,154 76 43,899 | 201,833 64,313,493 
37 | 13,872 | 167,962 | 36,250 42,297) 399,189) 10,099 83,264 101 58,486 | 170,975 87,027,753 
42 | 17,848 89,273 | 15,564 51,154] 937,095] 6,074 | 184,588) 127 83,763 | 131,421 20,080,696 
46 | 23,450 | 242,172 | 26,624 98,660] 2,100,052] 9,933 | 314,690 122 | 104,463 | 243,424 8,967,198 


a 


Iron. 


Pipe and 
Tubes, 
and other 


Various . 
Pig. Bar and Rod. Plate and Sheet. Manufactures. pa ay. 
(b) Materials 


39,028 | $739,556 | 50,464 |$2,359,705 | 27,642 Is1,650,417 36,306 |$2,641,885 |$1,280,480 
43,638 | “934,010 | 55,236 | 3,046,182) 23,883 |'1,724,913| 83,944 |2,663,807 | 2,001,119 
66,702 | 1,400,755 | 73,851 | 4,061,805] 23,179 | 1,405,855 | 32.973 | 2.905.246 | 21552823 
45,978 | 965,544 | 49,126 | 2,603,676 | 26,401 | 2.220.414! 42.266 | 4.775.158 | 260.170 


22,545 962,910 | 55,795 | 5,243,407 | 41,577 | 4,080,542} 37,815 | 5,887,494 | 2,645,141 


Steel, including | Steel Lead. 
Wire an@ Wire | Manu- | German Silver. Kerosene. 
Rope. fact’res Hektoliters. 


Iron and Steel 
for Rails. Pig. 


| | 
65,387 |$2,595,450 | 6,810 |$1,022,108 |$446,275| 44:4 |$39,8380 | 2,218,073 |$6,331,036 | 2,411 | 257,883 
87,076 | 3,825,005 | 4,227 577,260 | 358,255) 44-4 41,790 | 2,472,669 | 7,667,350 | 2.298 | 257,805 
69,256 | 2,631,721 6,823 | 1,256,150 | 185,846] 18:0 16,450 | 2,486,413 | 7,552,880 | 3,112 | 365,202 
11,449 435,054 | 5,983 | 1,299.497 | 197,040} 24°8 26,075 | 2,554,280 | 7,918,149 | 38,092 | 412,155 
64,415 4,753,371 | 5,423 | 1,511,031 | 638,266) 35-4 40,993 | 3,230,577 |14,162,651 6,075 | 927,152 
| 


Lead— Continued. Silver. 


Nickel. Plumbago. i 


Quicksilver. Tin. 
Sheet and Tea. Pipe. Kg. 


Coin and 
Bullion. 


2,147 | $259,593 | 144,504 28 | $30,933} 36,620 | $8,072 78 |$139,303] 28,924,750 2701$146,418 
1,972 | 269,638 76,910 44 50,3821} 155,595 5,41¢ 80 156,527 17,153,220 |. 264) 145,174 
1,339 | 199,402 38,772 127 150,600) 31,169 520 89 176,303 5,586,028 | 359) 227,257 
1,492 | 256,011 | 154,820 42 50,991 14,547 : 92 219,012 82,805 | 3866) 361,286 
1,833 | 362,362 57,692 86 123,812} 18,570 - 101 258,698 2,550,637 | 899) 473,103 


f : All 
Yellow Metal. Zine. Other 


5 . Metals 
Plates, Rods. Meee Ingot. Sheet and Old. and 


M’f’res. 


Tin—Plate. 


2,626 |$251,344) 172 $74,940 $9,403 $375 | 1,078 |$144,240) 2,991 | $512.241/$1.773,014 
5,677 559,654| 116 51,419 6,334 4,703 836 127,703) 4,164 799,930} 1,053,682 
411,421) 57 23,696 2.710 1,820 532 80,991] 3.224 643,824) 648,120 
569,923} 56 31,722 ) 3,460 2,310 | 1,031 259,606) 3,947 | 1,051,538) 456,644 
832,149) 60 36,072 4,280 8,560 | 3,028 686,080! 3,763 977, 917,053 


(a) From data specially furnished THe MINERAL INDustTRY by the Japanese Government. (b) Includes old 
iron, hoop and band, roofing or corrugated and galvanized, nails, and galvanized telegraph wire, iron wire and 


wire nails (old), and other manufactures. (c) Includes also anchors and chain cables, screws, bolts, nuts, etc., 
and other iron ware. 


JAPAN. , S54 


MINERAL EXPORTS OF JAPAN. (a) (IN METRIC TONS AND DOLLARS.) 


(1 kin = 0°00060104 metric tons; 1 yen = $1.) 
: Antimony. Brass. Bronze. Coal. 
Year. : 4 @ 
M’fae- . M’fac- M’fac- ~ Ahine’? Trea 
Metal. ae Wire. aaa Ingot. finer For Ships’ Use. 
Z fs Saas 2 
WSOG: seecrnes sta sene oes 624 | $83,806/$104,010} 222 |$108,612)$35,526 | 54 $14,570 |$180,318) 588,963 |$2,636 324 
UB OTean ec siolorer ie trerassre.s 1,577 | 267,548] 63,331) 147 72,414! 66,388 27 8,373 | 183,022] 582,031 | 3,229,024 
HBOSE sce vareraiove e sielesbiotefoters’s 1,338 | 216,598} 51,1380) 218 | 112,052 AQAA ENG e on we 207,345] 881,426 | 2,928,177 
WBQO aati Nerisiwescvacieteeeics 1,045 | 206,515} 58,468) 148 92.006] 17,362 | Nil. |........ 230,148) 473,919 | 3,380,135 
1900S Sceetce ccs cesses 377 | 107,707| 75,777| 147 | 102,759) 17,105 | Nil. |........ 208,178 Bete | 6,328,448 
Coal— Continued. Copper. 
Year. Coke. 
Dust. Other Kinds. Ingot. Old. 
USGA ian wicks mses ocetateneteds pal sprtohs 299,102 |$930,704! 1,350,458 |$5,312,227 | 3,399 $29,114 | 6,756 $2,428,116 | 0°32 $113 
TBO Urcsisvoveusreysropaeieceteiarcterssts -,.| 188,132 | 859,514| 1,366,498 | 7,457,262 | 2,950 45,384 | 2,741 1,075,945 | 6°81 | 2,077 
MBOS iris, cree aicporsteicveoratmiere: sislory ei (Wail Age Bereas 1,805,364 |12,240,621 | 3,881 | 56,914 885 VOOSCB | ING lites cares 
VEOO es coe ae os matee oasees CD) onl at Sensis 2,013,695 |11,784,780 | 3,556 | 57,243 96 BIS E | = INGE alienate 
TOOO oe oer mate siieieie iar (WO) alicariioops 2,402,785 |13,703,654 | 5,221 86,610 70 ADWTOO2| CIN Gla lem crane 
Copper— Continued. Gold. 
Tron 
Year. ee ne |b ees 
Refined. Slab. Wire. v1 t8e- | Goin and Bullion. 
VEO Saat oe i eeicnoretaieiersts 6,134 \s2,461 089 | 1,644 | $594,448 72 1$38,717 |$135,079 $1,996,576 $105,481 
i Keio (rena eas ercio Uae OSC 6,172} 2,680,807 | 5,045 | 2,017,947 93 46,947 | 223,234 8,863,798 178,037 
WOOR i ciercrciste cis crelenkstateras 16,069} 7,106,491 144 75,481 83 46,998 | 182,040 46,281 3843 200,595 
ROO eae ties creat taaesteterers 21,208)11,331,876 136 99,381 56 40,278 59,136 8,768,365 185,220 
TOOO Re iciers citrialeverctenres al Ee haa bd 190 137,992 79 58,490 75,829 51,761,620 247,538 
| Silver. 
Other Other 
Year. Metal | Manganese Ore. Sulphur. Mineral | Total. 
Wares. Coin and Bullion. Products. 
mae ene —/~ | ‘—o —_ 
LSOG i eiicoscasaicuwsemiee ne $358,126 | 20,986 | $274,434 | $9,602,308 12,825 | $808,588 $1,920 $27,759,936 
WOOF Severity atavetcce)> oheiane 485,862 | 14,665 205,318 10,855,365 9,209 821,341 1,396 38,710,334 
TBORRE 08 es oc emers 287,556 9,985 156,382 | 40,706,138 12,627 47,013 (c) 111,513,119 
TOO Ma care sinnese ce aiiernrats 346,992 9,395 152,687 | 2,409,882 16,684 | 574,867 (c) 39,846,779 
TQOOR eie sainiescccrers erst 286,179 | 12,902 224,396 | 4,945,443 17,836 698,283 (c) 91,791,986 


(a) From data furnished to Tur Minera Inpustry by the Japanese Government. (b) Included in other 
kinds. (c) Not stated. 


MEXICO. 


THE Mexican Government collects no statistics of production; those com- 
piled by THE Minerat INpustry, which represent all the important substances, 
will be found under the respective captions “Lead,” “Copper,” “Coal,” ete. 


MINERAL EXPORTS OF MEXICO. (2) (IN METRIC TONS AND MEXICAN DOLLARS.) (é) 


¥ Build Copper. 
Year. eneeony Asphalt. Matas: Coal. E 


Ingot. 


5,873'$71,835| 10 | $282} 1,808] $7,858 |105,298] $434,624 1,094 | § 91] 16,858 | $3,329,331 
5,932| 98,815] (b) 597] 8,561 |118,553/ 486,596/13, 146 | 3,738,738] 10,362 |  2'314.790 
10,389) 1157292 47 323 | 956] 5,928 |113,192| 453,303] 223 | ” 25,298 | 7,915,827 
2,313) 23,319|627 45 | 2,623| 9,804 | 38,676] 157,282] 408 3} 27,970 | 9,445,498 
5108) 51,064 |145 | 5,2 637] 3,265 | 17,281] 70,921] 6,044 33,021 | 10,952,472 


Gold. 


ee Graphite. Gypsum, 
Coin. Ore. Bullion. |Cyanide pide: a 


$202,223 $365,226 |$6,220,765 |$226,986 | $33,916} 759} $6,698) 2,095 $7,775 

(6) 1,087,202 | 6,493,735 | 294,730 | 64,061] (b) 1,650] 8,250 
183,474 335,849 | 7,017,286 | 115,961 | 266,782) 2,305} 22,847] 1,050] 5,250 
192,456 306,392 | 7,435,864 | 128,675 | 177,193) 2,561] 25,650) 1,600} 8,000 
210,431 284,917 | 8,329,084 | 177,999 | 82,267] 762 7,615) 800] 3,504 


Lead. 

Jewels and 
Tron Ore, |Precious Stones. Marble. Pearls—Carats 
Grams. re. Base Bullion. 


SS, 


3,880 | $5,628 9 387 | 60,029/$8,006,821] 2,176 | $185,004} 1,420] $6,000 
$208] 11,241 60,918} 8,291,014). 469] 46,724] a327] — 3.500 
2,489 : 5 | 67,441] 3,885,747] 3870] 38,22 
1,447 468:0| 11,425 | 74,944] 4,278,608] 1,030 8.7 
3,535| 3,182 79,497] 4,599,073 ae cg (b) 


Silver. 
Quicksilver. 
Kg. 


Coin. Ore. Slag. Bullion. Sulphide. |Cyanide 


$21,925,847 | $11,401,176 | $39,800 | $35,775,125 | $1,663,581 |$123,246 
(6 11,048,358 | 46,488) 37,137,599 1,663,501 | 257,342 
5,580,834 | 10,766,099 4,810} 37,585,911 1,929,085 | 76,942 
22,679,655 | 12,495,524 | 87,883! 41,468,745 1,893,646 | 67,607 |-096 
12,038,158 9,615,939 | 92,598; 36,348,374 2,141,229 | 259,819 


(a) From the Estadistica Fiscal. The figures for the calendar years were arrived at by combining those of 
the successive semesters of the different fiscal years. Additional exports 1898: salt, 1,533 metric tons, $13,449; 
zinc ore, 1,001 metric tons, $10,016. (6) Not reported. (d) There was also exported pearls, 42 ¢., $1,000. (e) Tne 
average value of the Mexican dollar in New York was, in 1897, $0°4671: in 1898, $0°4641; in 1899, $0°473; in 1900, 
$0°509; in 1901, $0°490. : 

Notre.—There was exported of zinc in 1900, 638 metric tons, worth $6,384; of zinc ore, 1,027 tons, worth 
$9,385; of salt, 1,518 tons, worth $4,151. Of minerals classed in the Boletin de Estudistica Fiscal as *‘ other 
inineral products not specified,’’ there were exported 749 tons, valued at $5,347. Additional exports in 1901: 
zine ore, 166 tons, worth $16,639; salt, 426 tons, worth $3,828 and mineral products not specified, 38 tons, 
worth $6,202. 


NORWAY. 


TrxE official statistics of mineral production, imports and exports, are sum- 
marized in the following tables: 


MINERAL PRODUCTION OF NORWAY. (a) (IN METRIC TONS AND DOLLARS; 1 krone—27 cents ) 


Year. Apatite. Cobalt Ore. Copper Ore. a Tron Ore. 
(b) See ) 

1,601 $23,760 45 $4,050 21,869 | $218,835 9,780 $44,901 1,250 $2,349 

1,106 17,280 29 2,700 29,910 306,747 12,228 54,540 2,000 3,780 

872 12,960 24 2,700 27,606 308,907 17,392 79,650 3,627 5,670 

8,593 58,352 21 2,160 37,047 425,466 11,3855 49,059 4,425 7,992 

1,500 22,140 ING Useat tua casemtcaaree 43,358 589,140 19,260 78,030 4,576 8,100 

: Pyrites, Iron and Rutile. Silver Ore and 3 

Year. Nickel Ore. Copper. Ke. Native silver: Zine and Lead Ore. 
494 $1,080 49,005 | $194,400 | 28,000 $8,100 490) $95,850 (Cs) aoa Persist corps 

oS Ree ee 60,507 261,900 30,000 9,720 527 108,000 450 $3,645 

Les iba sek rahe e 94,484 390,150 | 82,000 5,400 642 103,950 908 2,290 

8 folie esl he ahs 89,763 886,586 | 35,000 5,940 497 89,640 320 2,592 

INAS Porcine oars 95,636 461,180 | 30,000 4,590 429 82,870 379 2,970 


Metallurgical Production, 


Year. Cobalt—Keg. Copper and Gold. Iron, Pig and |Iron, Bar and| Nickel. Silver—Kg. 


Copper in Mattes. Cast. Steel. 

| 
TSQ5 i ccc sce s 2,500} $8,100 958 | $184,950 | $2.160 | 348 | $3,942 | 379 | $19,440 | 17 | $10,580) 5,000 | $105,300 
PBOG Seiccaiasss 29} 2,700 | 1,067 227,610 9,450 335 3,780 | 400 | 21,060 | 16 8,100) 4,664 | 129,600 
VOR se tates 24) 2,700 | 1,064 252,450 675 417 4,590 | 452 | 23,760 | Nil.|........ 5,372 | 101,790 
TSOS ise cick Sas 21) 2,160 941 238,680 1,539 231 2,700 | 379 | 20,520 | Nil.)........ 4,802 95,850 
TRO amersie INU tetera sees 1,209 | 378,000 2,700 | 406 4,590 | 666 | 38,750) 5 2,700} 4,600 | 89,100 

| 


| ' | 


(a) From Takeller vedkommende Norges Bergvaerksdrift, Statistisk Aarbog for Kongeriget Norge, 1896, and 
from Meddeleser fra Det Statistiske Centralbureau, No. 7, 1899, published by Det Statistike Centralbureau, 
Christiania. There were also produced in 1895, molybdenite 4,000 kg., $2,160, and chrome ore 190 metric tons, 
$2,295. (b) Export returns, which approximately represent the production. (c) Not reported. 


MINERAL IMPORTS OF NORWAY. (a4) (IN METRIC TONS AND DOLLARS; 1 krone 27 cents.) 


Copper and Brass. 


Borax and Cement and bs Glass and 
Year. Boric Acid. | Hydraulic Lime. ea acne Plates, Bolts, Glassware. 


Kg. Hektoliters. 5 and Bars. Wares. 


1896. .|38,305 | $4,671} 16,028 | $137,052] 14,201,090 | $3,642,570 | 1,074 | $290,061 | 479 
1897. .|44,495 | 4,941) 18,784} 174,258) 15,874,572 4,234,167 | 1,140} 307,827 | 591 
1898. .|71,590 | 6,804) 25,403 | 239,057) 15,409,902 4,659,957 | 1,064) 316,089 | 807 
1899. .|62,060 | 5,940) d 38,251 | 385,857/d 1,478,080 6,485,076 | 1,000} 391,473 {1,120 
1900. .|71,124 | 6,210} 24,511 | 244,890/d 1,504,160 9,491,480 696 | 281,880 |1,164 


$330,696 | 3,729 | $449,577 
495,802 | 4,262 548,802 
643,248 | 38,905 411,615 
928,071 | 3,229 412,344 
877,020 | 2,874 373,940 


Iron. 
Year. ; Bars, Hoops, Ships’ s Nails, Spikes, Other Manu- 
Pig and Cast. Ships’ Anchors and Rails. 30lts, Serews, factures of 
Knees, ete. Cables. GEC: Tron 
1896........| 20,201 | $252,801 | 26,552 | $890,433 | 1,090 | $67,689) 4,315 $116,505 | 1,760 | $104,544 | 34,323 12,762,208 
TBO eee 21,606 | 289,791 | 29,038 |1,013,364 | 1,367 87.237 | 7,687 | 247,428 | 2,097 | 153,738 | 47,494 | 4,590,918 
1898........ 23,106) 339,579 | 26,203} 951,345] 1,485 | 105,057) 10,827 | 362,475 2,087 | 159,921 | 62,197 | 5,450,868 
1899........ 21,445| 395,550 | 25,379 |1,099,494 | 1,394 | 104,868) 8,187 | 281,205 | 1,529 130,842 | 78,827 | 7,091,946 
W900 6c ce cre 20,844| 467,740 | 23,010 |1,198,260) 1,203 | 114,480 | 11,952 458,190 eas 103,410 | 58,040 | 5,659,200 
| | | 


THH MINERAL INDUSTRY. 


Locomo- ; : Lead White Paraffin Oil, 
tives and Lead, in Pigs and Zinc Petroleum, Potash. 
Machines. and Sheets. Oxide. ete. 


$156,141 | $1,895,994 653 $40,527 | 1,192 | $99,738 | 35,823 {$1,160,676 | 945 | $79,083 
246,645 2,058,885 848 54,972 | 1,119 93,636 | 39,810 | 1,021,113 | 919 | 76,928 
144,234 2,487,371 732 51,408 | 1,491 140,886 | 36,504 887,031 | 754 | 63,099 
164,673 2,893,509 869 66,744 | 1,296 139,995 | 42,182 | 1,138,914 | 802 | 71,496 
152,010 2,259,630 670 59,670 | 1,216 131,490 | 39,657 | 1,070,820 | 63% | 59,940 


Zinc, in 
Plates, 
Bars, etc. 


Sulphur. Tin, in 
Hekéoliters. es a (b) Blocks, ete. | 


1,179,198 | $429,813 | 308 | $23,247 | 5,156 | $55,674 | 9,347 |$227,124 | 142 |g49,788 | $107,055 
1,645,71 630,963 | 277 15,708 | 5,492 | 59,319 | 10,701 | 260,037 | 2386 | 82,917 | 1, 107,082 
{f 488,214 | 477 34,776 | 4,823 52,083 | 9,589 | 258,903 | 257 | 98,307 | 1,¢ 162,729 
508,734 | 278 20,250 | 4,555 61,506 | 10,734 | 289,818 | 546 | 314,226 202,905 

619,380 | 356 25,920 | 4,576 61,830 | 14,827 | 400,410 | 149 | 100,340 |+1,254 | 149,040 

| } 


MINERAL EXPORTS OF NORWAY. (@) (IN METRIC TONS AND DOLLARS; 1 krone = 27 cents.) 


Clay Products. Copper. 


Apatite. Bricks Cobalt Ore—Kg. 
Thousands. Earthenware. Ore. Ingot. 


1,160 | $17,226 |10,008 | $48,654 | 365 $39,420 | 33,800 | $8,208 | 30,367 | $409,941} 565 {$129,575 
872 | 12,960 |11,711 59,454 | 260 27,378 | 45,000 9,720 | 15,111 | 204,012) 552 131,031 
3,593 | 53,352 (15,534 | 69,677 2 243 =| 25,000 13,587 | 183,411) 444 113,886 
1,500 | 22,275 |11,949 | 56,457 2 270 Nil. 7,198 | 116,613) 747 242.001 
300 4,590 | 5,266 | 17,010 2 270 Nil. 5,756 | 98,150} 723 258,800 


Copper—Con. Iron. 


Feldspar. Glassware. Iodine—Kg. 
Old Metal. Ore. Pig and Old. 


712) $86,454 | 12,228 | $54,459 $94,581 | 1,959 | $11,097 | 2,051 |$3,888 | 5,493 | $62,289 
670| 81,459 | 17,392] 79,839 "8.804 | 2,395| 11,151 | 4.242 |°8.019 | 4.631 | 53,136 
1,206] 156,249 | 11.355 | 49.059 31,212 | 5,474| 29.565 | 4,601 | 8.694 | 3,844| 44.118 
1,038] 224,316 | 19,260] 78,008 26,838 | 16,180! 87,372 (12.517 |23,652 | 6,085 | 69,822 
1,168| 268,110 | 17,609] 71,280 40,230 11,210 | 49,680 | 27,258 |55,080 | 8,141| 98,820 


.--Continued. 
2 is Sameadae yes ‘ Nickel Ore. 
Bars and ; : Machinery. Kiet 

Hoops. Nails and Spikes. 


$459 | 10,664 | $747,819 714 | $192,915 
2,376 9,097 636,552 992 267,840 
1,134 var 489,402 507 136.971 
16,848 6,089 463,838 7 464 125,928 
8.640 | 5,643 460,350 | 811 218,970 


Pyrites. Silver Ore—Kg. Stone, Ashlar. Whetstones. 


41,062 $140,265 173,500 ’ 66,233 | $312,957 | 205 | $13,851 
70,552 238,113 118,900 “8 74,492 367,065 112 7587 
67,502 236,925 79,000 f 98,692 546,264 | 137 9.261 
83,912 294,543 14,160 ¢ 104,933 566,649 | 179 11,475 
84,604 456,840 90,210 100,914 490.320 186 9,180 


(a) From Statistisk Aarbog for Kongeriget Norge.  (b) Inclusive of flowers of sulphur. (c) Not reported. 
(d) Metric tons. 


POR EUGAL. 


THE mineral statistics of Portugal are summarized in the subjoined table, 
for which we are indebted to the courtesy of Senhor Severiano Augusto da 
Fonseca Monteiro, chief of the Reparticao de Minas, Ministerio das Obras 
Publicas of Portugal. 

The statistics of mineral production in Portugal in years prior to 1896 may 


be found in THE MINERAL INpustRY, Vol. II. and Vol. VII. 


Statistics of the 


that the mineral industry of Portugal has not yet attained much importance, 


the output of copper and copper ore forming the chief part of the total. 


is principally the production of Mason & Barry Co., Ltd. 


This 


MINERAL PRODUCTION OF PORTUGAL. (@) (IN METRIC TONS AND DOLLARS; 1 milreis= $1-08.) 


i : 1. Coal. { 
Year.| Antimony Ore.| Arsenic. elie ie (b) (Lignite.) () Copper Ore. Copper. (Cement.) 
1896..| 595 | $28,917 | (c) |........ 8,743 | $17,944 8,000 | $18,306 436 $10,535 8,453 $467,897 
1897..| 418 28,063 524|$20,369 7,996 82,816 9,842 24,215 241 1,496 8,304 408,262 
1898..| 245 6,736 G51| 44,764 | 10,250 87,032 | 12,291 52,656 290 12,799 3,149 533,581 
1899..} 59 2,123 | 1,083) 61.356 | 11,930 46,398 | 10,269 41,161 408 29,920 2,521 520,099 
1900..} 38 554 | 1,081) 62,522 | 24,066 90,777 CG) iss |ascreieteriis (GC) Sea ior talents 2,948 513,226 
| 

Ze ue ea in Buen ‘ sq ate Te g 
Year. Copper Pyrites. tee Gold Ore. Tron Ore. eu Manganese Ore. 
1896...... 43,665 | $139,525) 168,775 |$224,634 (O@)\iliaeecec8 (G)stsl eo seteaes 1,333 | $30,236 | 1,494 | $14,679 
BOG et 66,473 178,014) 210,265 | 287,254) 17°0)$12,085 (Ca peal erin Seen 2,180 56,300 | 1,652 11,596 
1898...... 54,868 | 133,899) 248,218 | 366,258 6°8} 4,687 | 2,519 | $3,265 | 3,242 | 100,480 907 2,595 
1899...... 71,576 | 358,128) 275,658 | 378,018 | 13°0 78 | 15,078 | 25,564 | 3,468 | 104,62 2,949 21,484 
HOO cic iare« 57,540 183,550) 345,330 | 539,044} e 2°6| 1,728 | 19,803 | 46,247 | 8,620 116,846 | 1,971 10,437 

\ 
; P Tungsten 
lver—Kg. re, ; : 

Yon penuineat ewer ek Ore. (a) From a report specially furnished THE 
Win tear es MrnerAL InpustRyY by Senhor ree aM 
BOG Secs e scone sions ia Pe eae 3| BIG -0 183.6 gusto da Fonseca Monteiro, Chief of the De- 
ice Raa eahoa tl © $2,042 SS ou ee eee partment of Mines of the Ministerio das Obras 
{O00 eS eR 119 | 2362) 102| 23/278 | 59-3 [16.714 || Publicas. (6) Consumed in the country. (c) No 
ARON a sae (OO 1Sc a 30| 9/418 | 55-0 | 13.518 || report. (d) Includesmetallic tin and cassiterite. 

cD Ona chs Riaaies ean jee: 81| 26,017 | 49:0 | 8.677 || (@) Gold metal, kilograms. 


RUSSIA. 


THE official statistics of mineral production, imports and exports, 
in the subjoined tables. The Russian official statistics of production 
what tardy in appearance, the latest being those for 1899 


are given 
are some- 


MINERAL PRODUCTION OF RUSSIA. (@) (IN METRIC TONS AND DOLLARS.) 


Cobalt 
Glance. 


Chrome 


Iron Ore. Coal. 


Year. Asbestos. | Asphaltum. Copper. Gold—Kg. 


1,131 |$6,800)18,783}$143,542}21 ,013}$51,316) 9,099,476)12, 150,400 
7,666/22,192) 145,428) 6,682) 16,316) 9,37'7,551)13,198,.424 
37,444/22,222) 184,616]13,433) 32,804) 11,208,738]15,578, 184 
60,600)12,018| 128,176)15,467| 37,600 12,307,450]17,148,000 
97,342|/23,081| 170,380|19,146] 46,742 14,274,361 |22, 801,400 


5,8541$1,429,516/41,097/$18,812,993 
832} 1,424,076 37,199) 16,845,122 
1,961,589 38,198) 17.255,532 
2.183.531 88,820) 17,250,141 
2,692,800 38,935) 17,415,522 


Manganese 


Graphite. Tron, Cast. Kaolin. Ore: Petroleum. 


Lead. | 


phorites. 


| 
412 $20,000 203,081 $388, 522/77, 6.830 11,490,800 6,327/$18, 682 


262} 12,7'75|208,025} 398, 5,768| 12,588, 860) 3,776} 11,065 


| 
1,452,33'7)$22,312,800/25,330' 101,200 05! 
10 
450 25,285 |870,190/1,102, 831,254 14,623,058) 5,917] 22,182 
00! 
80 


1,620,812} 25,315,436| 6,099 24,575 
1,880,135) 31,636.289) 5,036, 20,244 
2,241,290) 40,478,800 6,648] 30,320 
2,708,749} 48,460,000 7,466) 34,050 


| 


241| 13,560/329,276| 2,190'19,860.631 | 1,870) 4,784 
322) 18,079/659,301 1,096, gti oa 16,863) 58,640 
} | 


Sodium 


Platinum—Kg]| Pyrites. 


Quicksilver 


Salt. Silver—Kg. 


4,406} $883,960 |11,042| $31,200 
4,930 11,083,600 |11,550) 32.435 
5.602 {1,238,040 |19.380| 54.426 
6,011 |1,439,912 |24.570| 68,800 
5,962 |1,754.480 |23.251| 57,240 


434) $371 ,000 
491} 432,058 


616] 541.440, 


362| 321,754 
362| 321,814 


Sulphate. 


7,878]$239,088 
2,079,388] 7,813) 285,172 
2,711,077 | 4,783) 172,581 
ees 182.500 


.422) 168,082 


2.566,906 
2,767,168 | 


Sulphur. Tin. Zinc. 


$2,216 | 8]$5,068} 5,029 


$360,000 
458,369 
549,114 
531,124 
575,708 


in silver rubles. 


4,207|$15,612 
5,198} 9,600 
7230) 13.352 
5,045] 9.216 
7.466) 10,893 


(a) From the Russian official mining report 
‘*Sbornik Statisticheskekh Svedenie o Gornoza- 
vodskoi Promyshlennostye Rossie v Zavodskom 
Godu,”’ St. Petersburg. (6) In the Russian reports 
the quantities are stated in poods and the values 
In making the reductions the 
following relations were employed: 1 pood = ‘01638 
metric ton; 1 silver ruble = 40 cents. 


RUSSIA. 863 


MINERAL IMPORTS OF RUSSIA. (a) (IN METRIC TONS AND DOLLARS.) 
(1 pood ='01638 metric ton; 1 ruble = 40 cents.) 


| 


; 3 Asbestos | Asphalt Barytes and | Clay, Bauxite ; 
Beles en Manufactures) Rock. Witherite. and Talc. soe Coke. 


1895..| 107 |$8,186 | 241 | $58,888 | 566 | $3,465) 7,703 | $65,297 | 55,2121$327,838) 
1896..| 1387 | 5,510) 378 | 85,482 947 | 8,183)7,053} 56,528 |e64,135) 419,564 


: 34,289 | $5,293,392}310, 113} $961,475 
1897..| 122 | 6,593} 514 | 98,829 | 737 7,892] 7,826) 73,030) 66,980} 346,115) 2 
2, 
3, 


A) 

979.649 5,439,378 /364,42711,146,668 
,122,361 | 4,183,082]399,909}1,675,072 
532,687} 4,907,4901458,24712,078, 747 
896,806 | 9,754,737/573, 777 12,512,848 


1898..| 246 | 11,073) 536} 90,676 835 6,785] 7,210} 69,164) 65.716] 371,211 
1899. .| 222 [16,226 | 598 | 94,636 418 3,920] 7,376] 66,846) 74,851} 313,088 


Copper and Gold B oe 
Year. oe Brass Glauber Salts. aha Gon. 
: Manufactures. Castings. Pig. 

TBO as excl eters 11,679 | $2,725,159 |d1,598 | 1,045,872 | 3,303 | $79,883 |............. 4,799] $602,644 | 127,202 | $2,227,129 
TBOGS: oteceat 15,726 | 3,997,911 {1,601 | 1,100,247 | 3,619 | 78,067 )............. 7,810) 759,814 | 75,3817 | 1,454, 
TROVE cieviciereisty « 13,590 | 2,818,848 (1,947 | 1,159,106 | 4,550 | 90,664 |............. 10,280} 876,949 | 98,409 | 1,357,485 
PBOB ies cetreverciets 15,167 | 2,841,423 |d2,269 | 1,403,894 | 5,203 | 63,885 | $40,369,200 | 18,490}1,061,521 | 86,486 919,750 
TBO: siprsioteierarers 12,355 | 3,236,785 |d2,367 | 1,494,547 | 3,440 | 43,683 | 32,888,400 | 15,699]1,469,066 | 136,782 1,702, 070 

Iron—Continued. 
Year. Tron and Steel Steel, Lead. Magnesite. 


Tin Plate. All Other. Manufactures. All Kinds. 


$3,205,413|52,523|$3,003,229] 29,556 | $1,820,843 | 1,127 120,094 
3.771,949|72.509] 3,981,378] 31,388 | 1.720.950 | 11434} 5,510 


1895.... 30,480 | $2,194,164 218,985 |$10,182,897 | 20,214 
4896....| 23,144| 1,707,038 | 274,288 | 12,787,963 | 26,989 


1897....| 2,717 146,557 | 308,345 | 11,688,733 | 26,588! 3,636,605/87,413) 4,201,118) 31,236 | 1,496,581 | 2,395 | 23,418 

1898... 5386 46,370 | 301,518 | 8,963,712 | 27,3837] 3,934,933/73,468] 2,850,043) 29,402 | 1,415,446 | 4,377 | 42,248 

1899... 840 59,660 | 268,309 | 8,176,359 | 29,264] 4,567,398]56,473) 3,629,075) 36,303 | 2,039,089 | 6,848 | 77,185 
os 

; rpapseees Naphtha,|Oil, Kerosene,| Ores, Except Other Metals, : Pyrites. 
Year.| Mica—Ke. Crude. | Benzine, etc. Graphite, |Manufactures of. POgPDONteR: ¥: 
1895..| 2,407 | $917 (b) 537| $44,494 | 1,534 | $19,800 | 12,370 |$3,374,097) (6) |.......... 2,410 | $241,893 
1896..| 3,047 | 1,801 8 120 7,084 |21,468 | 58,003 | 4,853 | 1, 987, 570} 18,156] $176,868 50. 631 | 149,582 
n boi°y dates fees (2) eeliana ane 48 {1,811} 57,961 |21,887 | 59,619 |... . 2... |. eee ee (6 Weel ats uate ckeues: 33,783 | 157,336 
1898..| 4,382 | 1,811 (b) 244| 21,242 124,015 | 51,046 | 13,088 | 3,486,218) (b) |.......... 41,127 | 196,650 
T1899 81- () ial |ehereon'sre 167 1,719] 156,280 (24,461 | 54,672 1,480 1,487,554 5,991 14,098 44’821 241,266 

i Nl Strontianite 
aire Saltpeter: Salts, “ 

Year. Quicksilver. Salt. Chile. ’ Stacehict. Silver. BS Sulphur. 
TROD iistonietelciaiee v6 $6,986] 10,332] $57,400} 12,815 | $294,788 | 4,463 | $41,088 |........... | 84] $1,118) 19,525 | $233,288 
NBO sseeceisis orsiere 15 10.499] 10,213] 62,492) 18,837) 414,770)5,553| 51,250]........... | 216 | 12,690) 19,582 | 227,428 
BOTs ierrorterets 10 6,267| 8,467] 46,710) 12,9388] 241,360 |5,491) 40,822)........... | 881 | 10,676} 20,715 | 258,160 
NBOB iss seece:doernsere 6 4.216| 10,128] 54,645) 18,712] 275,939|5,414| 44,240 |$12,226,400| 143 1,710} 18,925 | 341,827 
A BOO), |. nis stanterer 6 5,642] 8,849} 46,822) 15,3871] 347,886 | 7,558) 46,755)........... | 404 8,323) 22,472 | 511,450 

Tar, Asphaltic : Zine. a) From the Russian official 
Year. Mastic, etc. Tin. Ingot and Sheet. ee ‘Sbornik Statistiches- 
kekh Svedenie o Gornozavod- 
yy Ever yeuie nee Oeee 
ne kom Godu,”’ St. Pe- 
1BOB. 6. es esesseeesereees 2,721 | $77,668 | 3,417 | $705,597 | 9,194 | $962,106 |) 7 aevors ; 
1606 o pct. taea ava Bout | s0,810| 44e1 | 241.486 | 7.616 | | 706,1¢4 || TAU aoe eee tec: 
SOUP sic is venir beancore 6841 | 116,869 | 3,938 | 808.947 | 9546 | 640,755 || (2) tev Representa Clay Waed 
NGOS: covcrseaeecene whe we 10,340 | 170,345 | 4.191 | 1,057,406 |11.018 683,176 fo se e) Kepresents Clay use 
LBOD) Soa caeecteconnates 13,134 | 281,858 | 3,830 | 1,555,081 |11,024 979,572 || for furnaces. 


MINERAL EXPORTS OF RUSSIA. (@) (IN METRIC TONS AND DOLLARS.) 
(1 pood =: 01638 metric ton; 1 ruble = 40 cents.) 


| er and - 
Year,| . Bronze and Clay, Bauxite Coal. oe and Cone. Gold Coin and 
7 Manufactures. and Tale. Alloys. Manufactures. Bullion. 
= a ae ee 
| 
1895. .| $10,290 166 $1,227 7,544 | $20,870 | 47 DGD lia ote ree $ 86,146 
1896. .| 5,709 1,522 8,542 | 16,566 | 25,130 | 31 8,229 | 129 62,064 
UBOT. |e wares cinwiees cones 2,050 4.412 | 83142 | 51,879 | 29 OBbBE |S nese: 120,460 
ASOB) cle ige'sicis roinie = estas 2,014 8,771 | 48,084 | 69,140 | 13 3,801 | 246 114,582 | 
1899). fleece cinta se sncisiaw cies | 1,981 2,555 13,288 36,795 | 12 Clits ie Racence 107,418 | 
| 


———<—— 


THE MINERAL INDUSTRY. 


Tron. Naphtha. 


: Manganese Ore. |Metals, Other : 
Castings. Pig. All Other. Crude. Residuum. 


298 | $30,070 -$7,040 | 2,812 | $117,207 | 146,840 | $1,194,035 | 202 | $30,308 | 9,266 | $22,856 54,658 | $408,076 
439 | 39,001 7,950 | 4.534 | 239499 | 165.600 | 1.215.399 2.942 | 40.514 | 54.451 |” 449.876 
60.191 6,708 | 4,150 | 184,139 | 187/396) 1:138,824| (c) 9,605 | 47,576 | 62.945 | 565.210 
29,487 4,628 | 2,655 | 139,054 | 245.081 | 1.235.355 | 17 524 | 8.6 540 | 54,885 | 451°300 
68,828 3,934 | 4,028 | 212,000 | 395,000} 2°245,408 61,787 | 549,926 


| 


: Ores of Metals d 
Year.| Oil, Kerosene, and Minerals, Paraffin. Phosphorites. Platinum, Quicksilver. 
Benzine, etc. Except Graphite. Crude—Kg. 


1895..| 709,406} $5,642.097 432 | $10,260 b1 $370 | 10,918 | $134,886) 4,599 140 $164,398 
1896..| 845,751] 8,129,730 | 20,626 40,071 b93 3,746 8,840 | 107,898) 4,700) 777,¢ 430 383,629 
1897..| 917,216] 9,507,619 | 16,890 40,874 | 6740 | 15,516 2,917 36,369) 4,767 0,780 643 575,409 
1898. .|1,115,106] 10,555,454 | 15,864 | 118,332 |b5,197 | 52,505 1,694 26,465) 4,475) 825,600 | 357 274,€84 
1899. .|1,320,313} 11,771,924 | 13,688 63,301 68 699 5,629 70,760) 3,423) 1,142,732 | 338 247,494 


Zine. 


Silver. Slags. Ingot and 


Ore. Sheet. 


1895... 73 | $11,884 | 167 | $14,855 208 | $2,820 : $446 
1896. . 4 06 | 11,274) 173 15,338 4,390 : 264 
1897... te ( 22,447 | 160 17,579 : 1,552 
1898. . 5 40,878 | 312 OR ORO sels canalieaitctiuse., 5. 5,803 
1899.. 28,359 | 174 16,242 : 8,327 


(a) From the Russian official report ‘‘ Sbornik Statisticheskekh Svedenie o Gornozavodskoi Promyshlennosty 
Rossie v Zavodskom Godu,” St. Petersburg. (b) Includes vaseline. (c) Not reported. 


: 


SPAIN. 


THE official statistics of mineral production, imports and exports, are sum- 


marized in the following tabless 


MINERAL AND METALLURGICAL PRODUCTION OF SPAIN. (@) (IN METRIC TONS AND DOLLARS; 


$1 == 5 pesetas.) 
Aluminous|Antimony Arsenic hal Asphalt : 
Tene Earths. Ore. Sulphide. bse dsp owe ate Rock, | Darytes. |Cement, Hydraulic. 
2 ri | eae 
1896... 320 | $1,600 54 |g1,385 271 $27,100 1,285 $16,705 |1,117/$2,234 345'$1,720 130,738 | $281,144 
1897.. 409| 2,046 |354| 6,718} 244 29,256 1,878 22,532 1 656) 3, 312 2,449} 159,439 325,202 
1898. 505| 2,525 |180) 2,149) 111 13,320 2,854 29,626 383 47 772) 364) 2,074) 164,862 358,501 
1899. 685} 3,225 | 50/ 1,560} 101 12,156 2,646 34,088 |2,542| 5,144| 887 3,071| 165,645 363,441 
1900. 420} 2,100} 80} 900} 150 18,036 2,331 31,602 |4,193 8,632 §33| 1,568] 185,811 422,725 
! eS 
Coal. 
Year : ; : ; Cobalt Ore. Coke. 
Anthracite. Bituminous. Briquettes. ne 
1896...... 14,895|$26,786} 1,852,947 | $2,806, ani 343,432 | $1,373,061 |55,413) \s60, 261) 18 |$1,800 | 288,523 | $1,202,716 
ac eee 8.758] 15,745 2, 010, 960 3,409, 636| 332,272] 1,318,532 |54, "932) 54,027) 13 | 3,400 | 755,894 | 3,167,416 
1898...... 20,105) 36,190} 2, 414, 127 4. 147,333 | 369,418 | 1,277,425 66,422 93:310| (b)))< sces ce 768,151 | 3,211,300 
1899...... 34, 842 98, 256] 2. 565, 437 4, 780, 114| 348,838 | 1,216,562 70.901 78,630 ((s)) 5) Beneaceanee 341,443 | 1,311,816 
1900...... 68,427|238,015| 2,514,545 4," 700,824) 341,156 | 1,585,691 |91,133)101,467) (0) |........ 381,000 | 2,716,706 
\ ! | 
Copper. Copper Ore. 
Year. 8 , 
Fine. = In Matte. In Precipitate. Argentiferous. eS a Pyrites. 
6 | $1,200 | 16, 378 | | $982, 702 | 29,873 } $4,155,204 | c157,365 | $146,596 ae $23,808] 2,200,919 | $2,205,848 
7 1,400 | 16,1 120 | 967,210 woe 4,138,725 | c18,488 |} 35,922) (b) |....... 2,161,182 | 2,124,803 
593 | 118,623 | 16,024 | 961 488 | 29,703 4,158, 418 203 ipo 30 BK (0) eal ieciicapeae 2,299,444 | 2,735,261 
4 "921 | 15,775 946,506 a "997 5,859,545 1,103 1G 900 MD) [aie «ae 2,443,044 | 2,985,001 
5 | 1,919 | 18, 159 |1,452,728 29, 652| 7,279,259 2,006 21,047) (b) | .......| 2,714,714 | 9,246,018 
: 
Iron and Steel. 
Gold and : 
Year. | Fluorspar. | silver Ore, | Graphite. 
Forged Iron, Pig Iron. Steel. 
1896.... 3 $45 854} $3,056 | (b) }...... 58,793 | $2,224,443 | 100,786 | $1,481,162 | 68,126 | $2,666,843 
1897.... 2 36 | 2,456] 9,873 | (b) |...... 80,894 | 3, 190, 139 | 146,940 | 2,267,403 | 66,007 2,873,930 
1898.... 5 U5 555| 2,165 | 10 | $18 | 65,900 | 2.826.743 113,492 | 2,059,232 | 50,362 2,332,019 
1899.... | 310 50 | f1,110} 7,060 | (b)|...... 40,332 | 1, 120,514 | 113,071 | 2,011,536 | 112,982 4,138,317 
1900.... 4 60 | £1,300} 7,800 | (6) |...... 54,307 | 1, 920, 942 | 91,126 | 2,671,978 | 144,355 4,831,309 
Tron Ore. Lead. 
Y Kaolin. 
ear. ‘ifer- hi lay. 
rons. | | phates ceaheatie a aes A Argentiferous. Non-Argentiferous. 
TRGB eect | 8,581/$3,581! 6, 162,582 | $5,013,404 | 1,240 | $2.446 | 84,802 | $5,808,313 | 82,215 | $4,386,544 
ieee 5559119,347| 7,419,768 | 5,457,327] 6,294 | 6,717 | 91,258] 6,812,109 | 75,112 | 4,843,187 
(aS ke 24,190|68,216) 7.197, ar | 6,282,484 | 5,445 5,518 | 88,981 | 6,026,450 | 78,370 | 5,188,304 
(890i ees | 17,139/26,051/ 9,397,733 | 8,600,211 | 2,790 7,540 | 70,874 | 4,805,323 | 91,739 | 7,450,466 
1900), 1 sais eisiss 26, "348|66,661) 8,675, 749 | 7,598,921 3,794 | 8,034 74,341 6,124,426 98,189 | 8,676,061 
{ 
ge cw cae a ed et area i 


THH MINERAL INDUSTRY. 


Lead Ore. 


Manganese Ore. | Mineral Waters. Nickel Ore. 
Non-Argentiferous. 


104,160 | $1,884,807 | 38,265} $53,732 | 15,738,142 $92,485 | 
110,469 | “2,058,611 | 100,566 136,250 | 16:180.585 | 115,874 
150,472 | 4,948,056 | 102,228] 343/045 | 15,610,222 | 122/265 
123,758 4,774,408 | 104,974} 358,088 | 19:770.137 | 113.907 
131,437 5,449,629 | 112,897} 380,321 | 19,289,928 | 144°744 | 


Phosphorites. Pyrites. ( redene Quicksilver. Quicksilver Ore. 


770 | $3,080 100,000 | $50,000 $1,287,144 | 34,959 | $1,377,396 
2,084 | 16,672 | 100,000! — 0,000 | (b) 1,564,888 | 32/378 | ” 1,398°443 
4,500 | 45,003 | 70,265| 35,185 | 2 5 1,593,921 | 31,361| 12252024 
3,510 | 35,100 | 107/386] 105.182 : 1,481,229 | 32.144| 1/274'603 
4,170 | 18,590 | 34,688} 24/247 | 1,479,333 50,216 1,104,237 


Salt. Silver—Kg. Silver Ore. Soapstone. Sulphur. 


521,751 | $1,153,880 | 64,554 41] 1,230 | $129,943 756 | $1,166 | 1,800 | $36,004 
508,606 | 1,159,294! 71,168 "555, 65 982 | 101,797 | 8,601] 217341 | 3/500 70,000 
479,358 | 1,025,682 | 76,295 ,865,156] 767] 106,094 | 21613] 14.504/ 3.100 68,400 
598,108 | 1,091,183 | 88,409 | 2,161,531] 764| 78,721 | 4/844] 26.622! 1/100 31,350 
450,041 | 834,535 | 140,457 | 3,651,800) 742] 181,068 | 8.109] 46,004 750 18,000 


t 


| Zine. 
Sulphur, Crude xe Topaz of | : 
Rock. Tin Ore, Hinojosa. |Tungsten Ore 


Kg. Calamine, Calcined. Ore. 


{ 
26,204 | $45,483 | d2,848 | $5,908 80 |$12,860 31} $1,560 b 64,828) $407,670 
18,845 32,588 | d2,378 5,795 44 ts 10) 309 73,848) 363,846 
e105,757 198,138 4 468 : 5 37) 5,825 ) 99,836) 991,886 
58,922 102,150 57 8,450 ( 151} 14,142 119,710) 1,208,987 
64,364 109,947 47 7,163 5 f de 100,332 86,158) 617,651 
} 


ee (a) Figures for 1897 are from the Reports of the Comisién 
Hjecutiva de Estadistica Minera. The figures for 1895, 1896 
Sheet. Slabs. | and 1898, are from the official Reports of the Junta Superior 

| Facultativa de Minas, Madrid. There was also produced 
in 1896, lead and zine ores, 400 metric tons, $400; in 1897, 
2,648 | $405,175 | 3,485 | $390,286]' gold ore, 456 metric tons, $1,850; lead and zine ores, 40 metrie 
25387. 878,594 | 3,907 445,212)| tons, $40: in 1898, lead and zinc ore, 38 tons, $38; gold, $2,338. 
1,731 822,040 | 4,300 602,000}| (b) Not reported. (c) Represents non-argentiferous copper 
2,084 387,624 | 4,100 574,000), ore. (d) Undressed ore. (e) 70,814 tons, $152,309, of this pro- 
2,756 512,616 | 2,855 399,784|, duct is the contents of copper pyrites from Huelva. Gan) 

| | Gold ore only. 


MINERAL IMPORTS OF SPAIN. (@) (IN METRIC TONS AND DOLLARS; $1—5 pesetas. ) 


Asphalt and Pitch.) Alkaline Carbonates Coal. Coke. (b) Gold Bars—Ke, 


23,324 
28,720 
37,827 


29,983 


368.700 | 281428 
459.528 | 26.574 
605,231 | 34.805 
479,738 | 31,468 


1,210,426 | 1,633,383 | §&83°\595 | 214,768 9, 7¢ 268 187,600 
1,169,245 | 1,224,845 | 7,466,073 | 196,224 (346 2 

1,395,614 | 1,555,800 | 9,134,802 | 208,789 3) | 10,210 

1,286,519 | 1,794,119 | 14,352,956 | 197,516 


: eee 
35,401 | $566,427 | 27,014 | $1,188,641 | 1,447,345 | $8,26°,°68 | 234,088 r 337) $285,900 
| | 
| | 
} 


Silver Bars. 
Kg. 


| ri Steel 
\Gold Coin} Iron, Pig. Iron, Bar. nies * | Petroleum, Crude. 


{ | 
316,281 | 8,577 | $120,087 | 18,861 | $607,539 | 26,463 | $1,398,827 | 34,427 | $1,238,845 | 5,576] $150,812 
12.149 5} 25,972 | 13,558 | 571,043 | 24.087 | 1,472,690 | 34,972 | ” 1,259,011 |243'540 16,341,804 
(c) 5| 28352] (ce 5,164 267,159 | 32,731 | 1.505.671 |153.475 14.14/85 
(c) 71 40,793 5.687 256,119 | 28,522 | 1,082,019 | 46,504 |17209.104 
113,227 5,404 | 280,465 | 42,840 | 1.713°619 


SPAIN. 867 

Year | Silver Coin. Sodium Nitrate. Sulphur. Tin Plate. Tin Ingots. 
ARDG esas: $20,190,400 26,841 | $1,610,495 7,744 $185,870 1,071 $89,977 1,080 $432,001 
LOO a ces cia's 22,325,312 34,862 2,091,729 5,310 128,883 565 46,098 923 369,359 
TE OB Riise sieere (c) 38,3822 2,146,035 5,665 158,621 653 52,237 833 350,028 
LBQQ Eras sc (c) 56,408 | 3,158,871 6,385 178,791 1,661 182,859 937 393,492 
1900.3. (c) 118,105} 4,724,224 7,634 244,290 914 §3,920 1,143 914,789 


\ (a) The figures for 1898 and 1899 are from the Anuario de la Mineria Metalurgta y Electricidad de 
Espaia, while those for the years 1896 and 1897 are from the Revista Minera, Madrid, Feb. 18, 1898. (b) In 
terms of coal. (c) Not reported. 


MINERAL EXPORTS OF SPAIN. (@) (IN METRIC TONS AND DOLLARS; $1—5 pesetas. ) 


Year Antimony Ore. |Cement, Hydraulic} Coal. Copper Ore. OE Serpiinte. 
1896 Rarer sc 119 $7,190 (Desi ierataraie etes | 4,295 23,205 629,546)$5,665,918 | 46,417 | $4,385,213 
VEO axed wtsiers 20 1,176 CO) eon estes harateienecate | 2,539 13,300 822,570] 5,613,482 | 51,487 7,873,928 
TOR Ae aria 50 2,982 (Weal cetancaa one 2,643 14.277 899,238) 6,474,516 | 49,570 | 7,466,956 
TROD sient 92 5,537 3,502 $24,521 8,078 45,518 948,917} 6,852,205 | 44,008 6,638,755 
L900 se erence 23 1,362 2,499 14,997 8,588 56,678 | 1,029,141) 7,409,812 | 48,676 | 7,893,468 

Lead Ore. 
Year. Iron Ore. Iron Pyrites. Tron and Steel. Non-Argentif- 

Argentiferous. erous, 

LSOG ss isteregsvae vs 6,289,257 | $11,820,670 | 464,882 | $920,977) 23,085] $283,270 | c6,270} $392,668} (b) 

Nhe i Gear oranoas 6,884,244 | 13,180,064 } 217,545 569,287| 43,612 610,776 | c8,267 462,595 (b) 

aloo ls\5 Serene ei 6,558,060 | 14,427,736 | 256,341 615,218) 46,127 830,291 | 7,191 410,178 (b) 
ice noon anova ¢ 8,606,558 | 18,934,429 | 319,285 766,881} 40,879 735,826 | 8,019 497,168 | 2,884 | $102,961 
LOO seine resins 7,823,270 | 18,775,848 | 356,018 | 854,445) 23,554 626,986 | 4,971 239,294 | 1,109 51,004 

: Lead, Pig. n 
— anganese ete. 
Year. Non-Argentif- Ore. Quicksilver. Salt. 
Argentiferous. erous. 

TBOG i etrtee oss «1166,124| $9,500,985 (OE ionidaoe 87,835 $827,620 | 1,559} $1,746,154) 254,752 $764,257 
TSO ce siexetsrere 171,774! 10,122,220}: (6) |...-.5. eee 95,756 1,091,621 | 1,742) 1,486,293) 235,871 707,616 
Bic sloro a toon @178,517)| 11,340,015) .(0). [once ese ne 139,050 1,597,706 | 1,741} 1,880,703) 219,670 659,099 
1 BQO cates 161,098} 9,987,370) (b) |........6- 139,352 1,588,815 | 3,221) 8,478,789} 331,081 993,212 
19008 sissies 158,089 T1490'632 15. (O) 3 aieiesvsesous 131,450 1,445,945 | 1,101) 1,188,646) 205,561 411,122 

Silver—Coin, : , : 

Year. | Jewelry, ete. Soapstone. Sulphur. Tin Zine. Zine Ore. 
1896. (O) ii hiaieisieiecoiniays CO) ssi \ieeienaiareiacs oom (b) | Faiseolawigie's “b) 3,560 | $356,060) 36,656 $308,272 
1897. (Dyrilisen senna: (a) Gialinsanebonr (ay IR Nera on rine \b) 2,170 | 239,716} 41,040 353,121 
Bhekek gece aCe) eal A or sooricean CON ah leseces fare (CD) ices [fovneretavetage: es (O) Saletwereies ,| 4,553 | 500,791} 65,573 697,473 
1899. COVE ave isla temiers 2,427 77,663 1,891 $52,965 26 $10,585 | 2,390 | 260,889} 95,088 989,671 
1900 133 $4,218,649 (Oi aleoscaneese 7 251 80 | 20,692 | 2,081 | 228,882] 61,199 646,006 


SWEDEN. 


THE official statistics of mineral production, imports and exports are sum- 
marized as follows: 


MINERAL PRODUCTION OF SWEDEN. (a) (IN METRIC TONS.) 


Coal. Copper 


Sulphate. 


Alum. } Clay (Fire). ree OXi.| Copper. 


Copperas.] Copper Ore. 


249)$56,724) 191]$2,483124,351/$83,135) 1,506 

289| 68,645) 232] 3,235/25,207| 92,712] 1.315 

235) 59,689] 124] 1,783]/23,385) 99,749] 1,165 

179) 60,028) 105} 1,483/22,334! 110,462) 1.287 

36) 45,830, 183} 2,306)22,725, 92,678) 1,265 
| | 


334 |$9,849] 120,426 


(C) |225,848)$435,891) (c) 
131 | 3,826)112,283 


(c) |224,3843) 434,710) 700 |§ 
153 | 4,543)181,391) (c) |236,277| 465,936) 3,001 
164 | 4,917/129,875) (ec) |239,344| 485,239) 1,345 
167 | 4,402/160,585) 62,290) 252,320 sa Nae Nil. 


$105,300 
99,860 
78,840 
108.000 
125,000 


Tron. 


Tron Ore. 
(Bog.) 


Feldspar. | Gold—Kg. | Gold Ore. Iron Ore. 


Pig. Bloom. 


. ./12,789] $39,417 
_.|19,298] 58,992 
(20.737) 64.572 
../16,017| 50,041 
|. |15,228| 46,457 


114°5) $76,806 
113°3} 75,517 
125°9} 106,318 
106°2| 71,081 

es 55,224 


736| $5,913 


494,418|$8,233,999| 188,396] $4,772,077 
1,662] 9,214 


538,197) 9,467,855) 189,633) 5,045,705 
531,766) 9,414,123) 198,923] 5,407,843 
497,727) 9,823,735) 195,331} 5,866,026 
526,868) 11,988,097) 188,455) 6,324,423 


2,039,019 
2,086,119 
2'302.546 
2'434.606 
2607, 925 


$2,518,175 
2,700,639 
2,969,986 
8,627,517 
3,738,237 


925] (c) 
1,047| (c) 
368) (c) 
594) (c) 
1,575|2, 951 


Iron and Steel 
Bars, Rods, 
Sheets, ete. 


Manganese 
Ore. 


Silver. 
Kg. 


Lead. Lead Ore. Pyrites. 


308,182| $12,036,504 
304,537| 12,624,486 
299,846] 11,948,458 
328,999] 14,223,434 


1,530) $76,033 
1,480} 76,876 
1,559) 102,464 
1,606} 106,846 


$491 
3,240 
1,620 


2,056 
2,749 
2,358 


$7,251 
12/810 
11.142 


1,009 
517 
386 
150 


$2,914 
1,496 
1,037 
364 


2,082| $44,263 
21218] 41.471 
2.033] 38,887 


1,134) 
2.950) 


2,622 
2,651 


12,080 


2,290] 43.411 
12,294 


324,604 1,927) 35,831 


179 


14,790,197|1,424) 105,697 385 


Steel. 
Silver and 


Lead Ore Zine Ore Zine Ore. 


(Caleined.) 


Sulphur. 


Bessemer. Martin. 


Crucible. | 


U7! (ce) | 44,041)$330,738 
(c) 56,636] 494,742 
50/$1,620) 61,627} 603,647 
(c) 65,159] 743,869 
70) 1,750} 61,034} 477,034 


1896.... 
DSS er 
1898.... 
1899... 
1900)... 55. 


15,3811$75,252 | 114,120 
| 10,068] 63,123] 107,679 
| 6,743]. 58,631 | 102,254 
5,730] 60,070} 91,898 
5,300] 65,534 91,065 | 


$3,091,384; 604 )$53,318| 142,301] $3,851,974 
3,091,109} 691 | 73,540) 165,836] 4,652,524 
2,836,079)1,013 | 106,318) 160,706) 4,512,212 
2,710,926|1,225 | 126,765) 179,357) 5,549,696 
2,968,514)1,121 102,893 | 207,418) 6,768,626 

} 


23,000|$322,920 
24,588] 358.420 
25,250] 443.137 
24,200] 516,186 
26,772| 401,580 


(a) From Bidrag till Sveriges Officiela Statistik, Bergshandteringen. In 1899 there was also an output of 


500 tons of graphite ore valued at $540. (c) Not reported. 


MINERAL IMPORTS OF SWEDEN. (@) (IN METRIC TONS AND DOLLARS; 1 krone ~27 cents.) 


Ammonium. 


Aluminum 


Alum. Sulphate. 


Year. Antimony 


Chloride. Crude. 


Carbonate. Nitrate. Sulphate. 


1896..} 7% 
1897..} 103 
1898..} 136 
1899..} 158 
1900..} 133 


Hydrate. 


as |g1s,983 
110 | 20,873 
101 | 19,168 12 
112 | 21/164 391/12 

99 | 18,675 | 5 


88 7,182} 63 |g11,822 
67 4,536} 58} 11,053 
81 5,477) 53| 9,936 
181 12,221) 59] 11,170 
227 | 15,297] 85| 16,151 


$2,228 
8,072 


629|$8,494 
733| 9,896 
4,036] 968] 13,074 
4.688] 866] 11.699 
3,948]1,197| 16.165 


1i 
42 


$4,609 
9,013 
2,565 
2.561 | 
1,129! 


SWEDEN. 869 


See io ea eae 


| Bromine and 


Arsenious b i i Bromides of 
Year. pea AS oo ue Fee Barytes. Borax. Borie Acid. Potassium an d 
tbe anol dita bias ee: Sodium. Kg. 
1896....| 33 | $8,587} 116 $31, 407 | 4,092 | | $44, 190 | 298 | $16,084 | 128 |$17,248) 73 |$11,807 4,334 | $3,511 
1897....} 33 8,523) 119 32, 151) 5, 458 58,947 | 270 | 14,595 | 175 | 18,952 56 9,006 | 5,549 4,495 
1898....| 33 4,390} 112 30,359) 5 5,409 | 58, 420 | 299 16,140 | 196 | 21,148) 7% 12,071 | 5,401 5,687 
1899....| 12 1,642| 567 |153,193) 6, 286 | 67.893 | 292 | 15,812 | 190 | 20,529 65 10,596 | 4,914 5,175 
1900....] 22 3,029} 763 |206,145) 5, 676 | 61,805 | 441 | 28,795 194 | 20,950) 66 10, 743 | 6,084 6,406 
Chalk. Chemico- Clay Products. 
: Technical ; 
Year. Cement. White, : Chloride 
Unground. | Other Kinds. inne g| ofLime. (Brick &| clay. | Porcelain. 
Hektoliters. (e) | (f) : Tiles. 
1896....| 2,901 | $27,411 | 6,148) $664 146 | $1,143! $87,885 | 1,600 | $69,116 $196,482] $79,655) 827 | $247,878 
1897. ...| 1,826 17,259 |14,368} 1,552 142 1,069 | 100,021 1,676 | 72,388 | 263,879| 80,010) 862) 273,784 
1898. ...| 1,656 15,652 | 7,016] 758 308 1,313 115,499 | 1,668) 72,048 | 359,374) 109,738) 298 213,572 
1899....} 1,863 12,877 16,079} 1,737 86 1,402 121,878 | 2,402 103, 777 | 267,299} 95,582) 846 | 244,637 
1900. ...| 1,941 18,339 |12,059} 1,302 64 1,160 130,328 | 2,943 | 127,146 | 328,283) 138,655] 382 267,992 
( 


Copper, and |Copper Gold Bars, 
st Copper in | & Iron Glass and and Gold Gold : 
Year. Coal. Alloys and | Sul- Emery. | Glassware. M’f’res. Coin. | Graphite. 
g) Metals. _|phates. (h) | Kg. 


1896. .| 1,991,760) $8, 402,736 |4,037| $947,980] $11,028 | 104 |$14,004|2,47 $447,352 1,161) $107,001) $608) 135 | $7,811 
1807. _| 2'240,247| 9,829,086 4, 411.156.202| 5,805 | 128} 17,296|1,618] 507,491|4,267| 2,086,848 948] 158 | 8,519 
1898. .| 2,392,451 2 112,784 /5,227|1.220.805| 6,512 | 131 | 17,649)2,560] 551,169/3,998| 1,875,585, 2,896) 167 | 9,008 
1899. .| 3,047,618] 16,457,135|4, 40|1105,524| 11.202 | 125 | 16,902|2,213| 532,609| 362} 287,075] —_9,774| 162 | 8,729 
1900. _| 3°0337885| 217502,660/4,745]1,281,249) 4,963 | 136 | 18,399 1,7a6| 461,291 |3,365| 2,282,429} 98,905] 213 | 11,486 


037 
94 
227 
74 


Iron and Steel. 


Lead, Lime. ‘ Pathe : 

Year Gypsum. Manufac- eeide. Hentobiers: Litharge. | Nitric Acid. 

(j) Crude. tures. (k) 
1896.. 4,940 | $37,274 34,549] $878,383} $3,703,338 1,911 | $180,749 | 7,768} $2,619 150 |s20,002 82 | $2,574 
1897. 7,260 | . 75,270 | 89,606] 1,420,175) 3,785,043 2,098 | 206,076 | 20,050} 7,889 199 | 26,925) 41 8,285 
1898.. 7,979 66,187 | 76,832} 1,326,910 4,641,613 | 2.1389 | 207,342 23,079] 8,724 160 | 21,592) 34 8,252 
1899.. 6,457 65.486 | 68,909] 1,282,713} 5,867,895 | 2,125 215,996 | 34,343} 10,732 177 | 23,918) 77 7,803 
1900. 6,794 69,715 | 82,957) 1,906,169 5,152,371 | 2,067 | 218,786 | 25,047 10,144 eal 19,974) 66 6,276 

| 

iat Potassium. e 
at . 
Year. Phosphorus. Ke i Cyanide. Hydrate. : Quicksilver. 
ee: : Chloride. Kg. (Caustic.) Oxide. Kg. 

1896....} 52,482 | $63,766 | 34 $6,426 241 $45,508 | 2,122 |$1,719 285) $92,217| 1,933 | $182,688 5,194 | $5,890 
1897....| 57,972 70,486 | 63 | 11,907 3638 58,817 2. 922 | 2,367] 1,381] 410,247] 1,482 | 135,370 3,125 8,544 
1898....| 66,466 80,756 49 9,261 259 28,006 | 2,604 | 1,757) 1,451 431,030} 1,112 105,119 | 2,631 2,983 
1899....| 59,989 72,887 | 59) 11,151 225 36,466 2.313 1'561 1,266] 376,029) 1,231 116.293 | 4,210 4,774 


1900....| 67.557 | 82,082 | 99) 18,711 |) 364 58,945 | 2,221 | 1,662) 1,915) 568,627) 1,257 118,740 | 3,629 4,115 


Salt. ? Sodium Salts. 
Silver and | Gilver 
Year. Sand. |Man‘*factures| Goin. 
Common. Refined. Kg. Carbonate. Hydrate. 
1896.... 84.629 | $318,011 | 3,673 | $148,755 | $30,428 7,375|$217,141|$204,691 |, 11,425 $215,932 908 | $49,051 
TSO7e. 5. 87,050] 411,548 | 3,055} 148,479 19,509 |20,557| 473,801} 136,823| 14,625 276,417 625 33,764 
1898.... 85,246} 403,880 | 2,188} 106,332 29,169 |21.696) 442,622) 191,766] 11,917 225,230 575 31,064 
1899.... 98,417| 410,917] 3,166} 153,884 35,848 |11,565| 304,825) 156,707} 13,3238 251,806 929 50,151 
1900.... 70,302 | 313,058) 3,098) 150,547 36,054 |11,559) 809,820) 62,315 12,680 239,658 | 1,038 56,033 
& | 
Sodinmr Salts. Continues, Stone. Sulphuric Tin. Tin and Lead 
Year. Nigaie. . {| Sulphate. (m) Sulphur. Acid. (Crude.) Ashes. 
1) (i) | 
PSOGE stis «aie niav(cnaie 12,518 | $565,900 | 8,486}$229,121) 1$122, 525/11,3691$276,265 | 615)$12,455 | 551)$170,307 11 {$12,182 
WSOT ic cicin cee coi 12.531 | 602,709 111,384) 153,683) 227, 476} 9,723 236,269 |1,418] 28,709|541| 196,478; 16 28,709 
ESOS iets neste detceriers 15,419 | 685,657 |11,544| 172,435) 103, 260|10,837| 263,341 |1,742) 35,278 | 595 224,890) -25 | 27,455 
PRO9 i ctaewienerceeciste 15,006 | 708,150 |15,140] 204,384| 98, 648) 13. 505 328,165 |2, 558| 51,797 | 486) 295,458 8 8,704 
OOO Se che crete resorts 14,245 | 673,072 15,590) 211,972 94, 188 20, 152| 489,683 |2,472| 50,052 | 630} 408,021 18 19,297 


——- $$ 


1 


THH MINERAL INDUSTRY. 


MWe ee 


(a) From Bidrag till Sveriges Officiela Statistik. 
uct and manufactured articles. (d) Natural and artificial] asphalts. (e) 
aa Sy | Ground chalk, pastels, etc. (f)N. E. S.—Not elsewhere specified, (g) In- 
oy nied Peete eae cludes coal-dust. (h) Exclusive of powdered glass. (7) Includes also sodium 

-| 8,874] 1,046/3,030 343,014/ bisulphate. ( Jj) Raw, ground and calcinedgypsum. (k) Slaked and unslaked 

5,404 343,758 lime. (2) Includes both sodium and potassium salts. (m) Building stone, ete. 


sere 1,459/2,829 
-| 3,248} 876)2,912) 319,893 


Tin Salts. Zine, 


(c) Includes raw prod- 


MINERAL EXPORTS OF SWEDEN. (a) (IN METRIC TONS AND DOLLARS; 1 krone = 27 cents. ) 


Chemico- 

Technical 

Prepara- 
tions. 


Chalk. 


Unground. 
Hektoliters. 


Ammonium 


Antimony, 
Sulphate. 


Year. Crude. 


Alki Asbestos. 


Kg Cement. 


All Other. 


4,382) $28,747 
4'499| 94’ 032 
4'844| 267209 
5.392) 297550 
O83 28,788 


1896....| 40 |$1,184 
1897....| 54 | 1,604 | 180 112/150 
1898 sce 947 | 36 | 2,491 
1899... (Ur 2 124 
1900... 674 2 120 


100 |$8,188 $144 
156 
896 
497 
880 


2,040 
1,348 
1,055 
2,812 
2,436 


$551 | 22,991 
364| 27,112 
285] 281676 
759] 31101 
658) 42.564 


$186,228 
219.611 
232276 
251,917 
344,771 


164 
1,188 
365 
616 
198 


$34,532 
40,351 
80,377 
124.948 
304145 


0: 
0: 
4° 
2. 
4: 


Clay. 


Clay 
Manufac- 
tures. 


Coal. 


Copper 
and Iron 
Sulphates 


Copper Ore. 


Copper and 
Copper in 
Alloys and 


Glass, 
All Kinds. 


Graphite. 
Kg. 


Metals. 


| 
$28,869 
28,931 
43,005 
46,589 
50,796 


$589,159 
684,340 
641,730 
642,079 
750,177 


$121,524 
97,449 
92,191 
129,676 
124,498 


1,911 

933 
1,346 
1,230 
2,012 


$218,849}10,674|$1 878,125 
425,089) 9,399] 1,134,495 
293,159] 9,888] 1,143,037 
269,423] 9,194] 756,688 
543,201/10,000] 848,488 


3,500 
7,215 
9,108 
16,664 
97,719 


$189 
390 
492 
900 
5,277 


7,441 
3.337 
3,313 


B15 
448 


1,108 


— 


Gypsum 
and 
Manufac- 
tures, 


‘Tron and Steel. 


Lead and Manu- 


Lime. 
factures. 


Iron Ore. Hektoliters. 


Manufac- 


Unwrought. tures. 


$1,905,550 
2.779.890 
2'942,930 
3,406,613 
8,525,230 


3] $7,436 

...| 9°6| 5.727 
.|27°31 2°609 
...| 83] 11384 
.|10°4} 1/189 


1,150,695 
1,400,801 
1,439,860 
1,628,011 
1,619,902 


304,138 
279. 525 
301,192 
320,742 
304.175 


$9,320,969 
9.175,910 
9,399,827 
11,893,918 
13,473,711 


1,182 
1,473 
570 
818 
1,209 


$67,750 
91.993 
36,090 
62,049 
98,271 


102,787 
106,053 
123,939 
80,153 
84,242 


$29,453 
31.925 
40.401 
25,891 
26,871 


9 
9 
16 


Silver. 
Potassium Salt, Refined. Bs 
Cklorate. Kg. : 


Phosphorus, 
Peat. Ke. Manufac- 
tures—Ke. 


Bullion—Kg. 


1,452 
1,816 
1,616 
1,979 
3,843 


$3,920 
4,902 
4.364 
5,342 


9,776 


1,510 
1,627 
4,085 
1,890 

875 


$6,795 | 253°7 | $47,958 
1,977 | 462°5 | 74,927 
4,963 | 506°4 | 982.041 
2,296 | 834°9 | 54.259 
1,063 | 930°7 | 150,783 


830} $34 
1,424} 69 
216 11 
110 5 
407} 18 


819 
829 
130 
367 
296 


$17,359 
6,396 
2,492 
7,184 
5,938 


; 14 

119 
238 
258 
108 


$756 
6,426 
12,744 
18,930 
5,562 


if 


Tin, 


Sodium 
Sulphate. 


Stone. 
(c) 


Sulphuric 


Soda, Acid. 


Sulphur. Manufac- 


Ingot. tures—Keg. 


772 
686 
509 
227 
238 


$14,599 
12,970 
9,618 
4.298 
4.871 


(b) 
$2,062,011 
2,385,736 
2,613,158 
2,804,594 


$8,197 

1,836 
17,018 
22,211 
12,882 


18°9 | $6,367 
25°6 | 8,305 
20°8 | 7,591 

8°8} 5,371 
21°5 | 18,935 


2,996 181,686 
7,113 | 4/398 
1,263] “724 
1,038] 592 
1,521] 849 


- Minerals, 
Crude and } Not Specified. 


Ore. M’frs, 


ce 


(a) From Bidrag till Sveriges Officiela 
Statistik. (b) Not stated in the reports. 
(c) Building stone, ete., wrought and un- 
wrought. 


$458,306 | 184] $11,789 
527,769 | 185} 9,009 
723,129 | 184] 13,799 
45,634] 788,564 | 157] 13,324 197 1,597 
40,879} 518,749] 156] 12,974 288 2,332 


Soa ian ee eee Ree 


2,704 
442 
2,596 


$43,766 
5,428 
40,526 


UNITED KINGDOM. 


THE statistics of the mineral production, imports and exports, are given in 
the subjoined tables. The statistics of the most important substances for 1901 


will be found under the respective captions elsewhere in thi 


MINERAL PRODUCTION OF THE UNITED KINGDOM. (qa) (METRIC TONS A 


s volume. 


ND DOLLARS; £1—$5.) 


Arsenious [ Arsenical 3 

Year. Alum Shale. a Os Peyiies, Barytes. Bauxite. Chalk, 
1896 Fe as: INGE iach seeds or 8,674 |$227,415 | 8,949 | $40,035 | 24,117 art 5950 | 7,365 | $9,590) 3,616,177) $785,850 
tot! ice patie 621 $380 | 4,282 | 373,975 /13, 347 | 53,670 | 23,087 120, 585 | 13,540 14. 115} 3, "920° 183 827,975 
TS OS eyeaja< 13,835 8,510 | 4,241 268,935 111,272 | 40,720 | 22.581 116,265 | 12,600 14,490) 4, 366, 782 903, 255 
1899...... 5,913 3,640 | 3,890 | 271,180 13) 735 | 60,690 | 25,059 128,220 | 8,137 9, 355| 4, 7B2, 982) 1, 048, 125 
T9QOK io. 1,329 820 4.146 335,140 9,727 43,550 | 29,937 | 146,220] 5,871 3,750) 4,444,765 1/040, 161 
LOOT 3558 FOO as vcrteres Bid1G) |r ceeiaveen| wes OROn a sre coxeters Paton Cal ce aneniat LORD ea eees | 4, 399, 043}........ 

i g b Goal CQ Copper 

Year. Clay. (b) oal. Jopper Ore. | precipitate.| Fluorspar. 
WSOC ei csicae 11,523,250 $7,210,345 198,487,040 $285, 950,735 9,113/$107,930 | 201! $10,620} 400 |$2,390 
180i, 8 12,908,479 7.265, 640 205.364,010 298,700,045 7,246) 93,530 | 224] 11,600} 302 | 1,985 
TB OB sia c ors 14,974,290 8,081,790 205.287,388 820,846,910 9,145) 129,245 | 132) 6,500 57 245 
h (oi)? Ae 15,305,895 PTB. 285 223 616,27 417,405,685 8,274} 168,990 | 178 7,750 | 796 | 4,205 
1900......| 14,279,181 7,855,215 228° 772,886 608,262,980 9,257) 172,515 | 386] 12,250 |1,472 } 8,020 
19000 TABOR GG Se PP GIAPOGI Jac cot sigs Ss eae GO0Ble. ate: Cup Vepcb yee ie 

Iron Ore, 
Year. Gold Ore. Gravel and Sand. Gypsum. - Tron Ore. Bog. (d) 
TOOG eis ka cticeat sis 2,809| $21,285 | 1,268,310 | $450,100 | 196,404) $372,690 | 18,919,976] $15,752,120] 6,758 |$8,315 
AS Oaistcicreiasieis. 6 sicte/elele’siere 4,589) 31,410 | 1,378,496 556,660 | 184,287) 334,890] 14,008,484) 16,088,975 7,238 ; 
MSGS Rrersnictese,clecesicosiceter chore 715) 5,790 | 1,652,701 677,690 | 199,174} 356,580] 14,403,769) 17,033,140] 5,505 | 6,77 
Sed erat erases creators tein +ee-| 8,096} 50,850 | 1,800,208 661,995 | 215,974] 382,280) 14,692,711 19,477,425 4,390 | 5,400 
MGUY ies aterevaxciess) ’ekeisiciaieress 21,135} 214,625 | 1,867,211 690,815 | 211,436) 348,210] 14,257,344) 21,122,000) 4,221 | 5,190 
LOOMS ral casttsios sisi laueie a ey (a2 YR IA MpOOU OQ OE ta ereavacrsre si 204,045)..........} 12, 475, COO) veveriesaces 2,649 }....., 
g. Mineral ; SI 

Year. Jet—Kg. Lead Ore. et ge Paints Oil Shale. Petroleum hes te, 
1896 010%... 133 $50 |41,726/$1,516,990} 1,097] $3,065|10,049} 123, 440) 2,458,237 $3,024,405) 12 | $145 | 3,048 |$26,250 
LOO aici 31 40 35, 903} 1 ‘377, 045} 609) 1,755/14,653) 64, 985|2 3259,3825] 2,779,680) 12 145 | 2,032 | 17,500 
Te aes iets NDEs |e 'clee ob 33,518 1.337.010 235} 1,000)20,144) 65, 015 (2 172,201 2) 672,490) 6 70 | 1,575 | 13,565 
1899...... INAD Nace are 31,494] 1,483,920] 422] 1,245]16,575) 67,895 21246,197| 2'765,015| 5 60 | 1,469 | 12.564 
190025... VAN a eieaie 82,487| 1,745,470) 1,384 3, 375|15,448] 66,990|2,318.736] 3,189,220) Niz 630 5,425 
1901...... COBY heii des BBOBA sisis saat segs Se (14;780|....... B02 SIO Mice rach OB lovers ee 

Silica. 
Year Pyrites Salt Slag Slates and Slabs 


Chert and Flint Quartz. 


TSG) ie 0 10,177] $23,015] 2,054,715 | $3,338,065 |109,694 | $85,150 | 527 | $1,945 |571,290] $76,790] 596.324 | $6,691,280 
POOR Ay 3 ot 10°752 22,625] 1,933,949 3,104,490 | 95,209 | 82,475 | 459 1,695 (CA ee) Pine mec 618,941 | 8,247,880 
1898)... 12,802) 24,020) 1,908,723 3, 100, 575 |) 88,3870. | 72;565.| Nil. |........ (e) ...| 679,461 9,501,140 
TBOO aisle 12,426} 23,385) 1,945,531 3,220.870 69,955 66,080 | Nil. |........ (e) -..| 659,077 | 8,985,355 
1900 Riese 12,484] 28,940) 1,873,601 8,059,600 | 78,971 69,5005) ONG. | occ eeine's (e) ...| 595,428 | 7,641,680 
TOOTS acest 10, AOD Raves veils TESLA EBON | ciastaiesaeieapers WS2 OOM ieee teisiets CY oleate oe (h) HEEOO CO Or pie evinzeisigiorslets 
Stone. 

Year ie Benes Seen ‘{whinst Bacal aoe 

Granite. Limestone. (/) Sandstone. rag Mel ie t Rulphere: 
1896...... 1,784,925] $2,490,370 | 11,187,582/$6,078,020) 4,579,869] $7,089,925 | 2,823,591] $2,127,935] 18,881 | $25,940 
AC CRRA BEE 1,876,880) 2,768,029 | 11,179,580) 5,779,965) 5,043,535) '7,623,E00 | 2,893,243) 2,206,955} 15,227 21,550 
ESOS Sy te 1,905,830} 2,882,286 | 12,172,267) 6,280,770! 5,325,988] 8,163,930 | 2,644,131} 2,327,715} 13,148 18,370 
1899...... 4,785,284| 5,478,815 | 12,499,736] 6,675,335| 5,296,026] 8,268,520} (g)  |.....eseeee 12,831 81,570 
1900. 50 4,709,997} 6,193,735 | 12,099,940) 6,501,570 5,101, 368 7,930,225 CO) ee Ties syociere sts 9,270 22,800 


1901.2... CED) a lhe Ske nares ovens 11,363.202)...... ort! 5, Cy RS Ce Nielciss 


St ein GION ne cre sisicieisiers 


THR MINERAL INDUSTRY. 


Tin Ore (Black Tin.)} Tungsten Ore. Uranium Ore. Zine Ore. 


7,786 | $1,299,640 44 $6,775 $7,500 | 19,588 | $332,225 
7,234 | 1,271,090 | 197 10,040 18.586 

7,498 | 1.441.625 | 331 79,220 »92! 23:929 

6.494 96 19.155 375 | 281505 

6,911 9 1.755 


METALS OBTAINABLE BY SMELTING FROM THE ORES IN THE ABOVE TABLE, (@) (IN METRIC 
TONS AND DOLLARS; £1 = $5.) 


Year. aa > | Gold—Kg. Iron. Lead. Silver—Ke. Tin. Zine. 


1896, .. ./565/$140,900} 4271 525.175 4,835,597 56, 77,370) 31,311 g1,754,700 8,828 | $181,825/4,915 | $1,538,390 
1897... .|526] 135,480] 63°2 | 35,925/4,942.679| 56,973,895] 26,988] 1,662,890) 7,750} 143,070|/4,524 | 1,456,630 
1898... .|650) 177,615} 12°3 | 6,495/4,928,847) 63,700,215| 25,761] 1,664,975 6,575} 118,640)4,722| 1,729,060 
1899....|647) 249,840/103°5 | 60,430/4,992,468 85,174,370) 23,929] 1,776,895| 5,969] 109,710/4,077| 2,540,470) 
1900....|777 caged fara reese 4,743,172 A Sire ey tbe 2,094,800 eal 112,825]4,337 | 2,989,845 


MINERAT, IMPORTS OF THE UNITED KINGDOM. (@) (METRIC TONS AND DOLLARS; £1— $5.) 


B a Clay Product oe 
srass an \ ; ‘lay Products,} , CY pag 
Alkali. Asphaltum. Bronze Manu- oe Porcelain and on Ct Man’f’res 


factures. Earthenware. Unenu- 
merated. 


1896] 8,949 $480,650129,0691 $304,790 i 1,096,020!$6,922,975 16,444|$4,208,745 16,000 $130,075 $1,243,050 

1897/11,557| 545,010 44,541] 519,080). (b 29] 1,045,985] 6,781,900 |17,847) 4,523,940] 9.605] 873555) 1,882,425 

1898|12,179] 673,180|46,398] 635,110 $7 3 6,939,150 |16,405) 4,301,740|11,191! 81,550] 2,662,400 

1899|12,078) 669,390 59,073] 807.840| 3,076 1, 9,930| 7.478.170 |18,341) 4,604,100] 1,777 16.985] 3.408;800 

1900}16,860 840,790'53,061| 728,355 rT, 3: 7,498,120 |18,329| 4;647,390 ao 60,770] 5,248,255 
J 


Copper.— Continued. 


: x Glass, Gold Leaf. 
Regulus and Wrought, Un- |Diamonds—Carats.| qj) Kinds, Number. 
Ore. Precipitate. wrought & Old. 


| 
88,732) $2,833,955) 92,252)/$11,477,545|66,405|/$15,013,905|3,527,810!$22, 995,830) $12,587,885 70,483,026 | $694,265 
83,916} 2,383,130) 90,008) 11,878,900|62,055) 15,200,7'90|3,472.916| 22,176,300] 15,034,555 | 68,173,400 666,595 
+. +{ 91,141) 3,291,150) 76,201) _9,779,790/70,018] 17,988,325|3,476,509| 22,619,075) 16,423,915 | 63,632,700 | 624,960 
..|180,611} 5,460,735) 84,015} 12,562,945/60,502| 21,572,275)2,730, 20,597,910) 16,044,400 | 49,108,570) 486,430 
-|103,076) 5,865,210) 89,123) 17,587,530|72, 228) 26,884,295|1,882,673| 17,168,180} 15,982,460 ee | 540,855 


Tron, 


Gold Ore. Graphite. | Bar, Angle, Bolt | Ironand | Iron and Steel, 
and Rod. Steel Mfres} Old and Scrap. Ore. 


| 
2,263 $604,015 18,861] $1, 121,195 72,195 | $2,852,060 | $22,055,335 | 15,578 | $295,555 5,525,320 | $18,893,945 
1,074 736,415) 13,472) 1,104,480) 69,222 2,697.545 27,894,295 | 20,735 344,610 | 6,064,179 | 22,179,670 
-/1,019 1,393,175 15,113) 1,506,805) 70,331 2,782,745 33,379,160 | 24,619 849,230 | 5,555,889 | 20,173,210 
295 761,755|17,777| 2,807,935) 74,826 2,880,790 89,527,075 | 32,427 452,130 | 7,168,061 26,875,190 
(c) | 1,482,970 aia 1,733,805) 81,436 3,281,165 41,536,105 | 31,687 559,720 6,398,639 | 28,195,015 
} } 


Tron. — Continued. Lead. 


teel, : ‘ 3 Manganese Ore. 
Pig and Puddled. Cut erete. Ore. Pig and Sheet. gnats : 


108,152 |$2,206,220 | 17,771] $788,730)57,1721$1,448,245) 170,484 $9,208,715 218 | $51,895 | 162,542 | $1,844,740 
160,531 | 2,588,430 | 40,628) 1,330,655/32,818] 1,001,140) 170,121] 10,166,500| 298 61,150 | 158,825 | 1,785,775 
162,075 | 2,688,445 | 40,875) 1,263,025/44,457) 1,512,535) 197,591) 12,606,780 419 66,830 | 156,390} 1,700,555 
174,159) 3,104,255 | 78,257] 2,170, 100/30,263) 1,269,560) 201,551! 14,419,183 | 241 261,740 | 2,927,105 


184,049 | 4,025,495 |182,210] 6,090,895/21,566 1,095,410) 198,416 16,597,870) (d) | 270,098 | 3,422,020 


UNITED KINGDOM. 873 


Painters, 


Year. | Mica,Sheet. | Micaand Paraffine. Petroleum. Phosphate Rock. |Colors and 
Talc. Liters. Pigments. 
| 
1896....| 481 | $528,050 |1,753)$520,425| 36,850) $3,555,250 862,960,772] $18,660,280 | 295,975 | $2,829,655 $4, 950,685 
1897....| 412 | 554,480 |1,683| 570,595) 39,284) 3,375,055 | 842,920,307} 16,676,355 330,335 | 2,466,060 5,049,225 
1898....| 517 | 711,855 |1,898] 419,095) 48,104] 4,045,160 | 829,995,751| 18,668,150 334,884 | 2,499,360 5,619,835 
1899....| 519 | 710,630 |6,025) 701,880) 54,712 5,055,335 | 908,107,248] 22,868,945 | 426,830 | 3,414,700 5,842,063 
1900....| 469 | 633,570 |7,952|1080,380| 50,033) 6,686,355 |1,162,454,512 27,872,665 | 361,309 | 2,948,490 6,747,800 


Platinum, : : 
Year. bee leet ee ee Quicksilver. eiver Slate. | Sodium Nitrate. 
Kg. 
1896.... 1.748) $368,725 17,310\g1,992,420 508,480 $4,998,965 1,604 $1,638,645 $6,483,680} $940,890} 108,148 | $4,182,760 


1897....| 2,257) 437,385 16,78 1,233,495|633,009| 5,104,480)1,862) 1,954,405) 7,149,210 1,538,660) 107,525 4,059,325 
1898....| 3,889) 784,205)13,323 1,016,215] 665,544) 5.404,415/1,856) 1,940,880) 5,729,525) 1,646,005) 132,412 4,864,005 


1899....| 5,404) 1,177,870)12,635) 1,022,425 712.393] 5,821,335/1,759| 2,077,150) 5,162,750 1,690,720] 163,387 5,348, 87 
1900....| 5,027) 1,189,270)12,793) 1,074,875 dod 6,184,205/1,113| 1,486,215) 5,154,480) 1,282,175) 143,461 5,777,310 
Meee | & ‘i 
Stone, Marble, Hewn Tin in Blocks, Ingots, : Zine, 
to or Manufactured. Gunes Bars, or Slabs. seer He Crude, in Cakes. 
1896....| 683,977 | $4,141,135 | 22,990 $470,060 38,989 | $11,448,440 | 4,950 | $725,915 | 77,861 $6,225,065 
1897....| %752,345 4,592,345 | 22,811 511,045 27,214 8,118,990 | 5,345 682,935 | 70,929 5,946,945 
1898....| 883,699 5,179,950 | 19,642 450,155 | 20,665 6,948,005 | 5,710 785,285 | 78,761 7,211,345 
1899....| 905,482 5,526,265 | 21,906 508,075 | 27,608 16,290,910 | 6,324 | 1,258,260 | 71,068 8,316,905 
1900....| 961,492 5,644,225 | 22,993 545,240 | 33,648 21,795,665 | 7,449 | 1,879,550 | 61,504 7,210,160 
| \ 


: Metals, Unclassified, 
Year. Zinc Manufactures. Zine Ore. Ores, Unclassified. Wrought, 
Unwrought, and Old. 


21,339 | $2,097,185 | 21,421 $493,170 | 45,782 | $1,289,665 | 10,695 | $2,887,750 
21.395 | 2,194,365 | 25,288 | 583,845 | 72,675 1,959,095 | 16,000 3,678,235 
21°613 | 2.390.440 | 58,945 | 1,100,705 | 51,660 1.476.625 | 14,459 3,545,690 
21/521 | 2,969,650 | 38,143 | 1,121,870 | 80,322 1'899.360 | 13,475 4,095,120 
22,096 | 2.798.525 | 42,755 | 1,179,250 | 63,868 1,663,505 | 16,269 5,517,945 


= 


(a) Accounts Relating to Trade and Navigation of the United Kingdom. (b) Not reported. (c) Entered 
by value only in 1900. (d) Included with Metals, unclassified, wrought. 


MINERAL EXPORTS OF THE UNITED KINGDOM.. (@) (IN METRIC TONS AND DOLLARS. £1 = $5.) 
EXPORTS OF DOMESTIC PRODUCE. 


a B d Ch vance Bor: 

s i Ammonium rass an emical |ducts Por. | 

Me Alkali. Sulphate. |Manufactures, Cement. Products. |celain and| Coal and Culm. 
\Earth’ow. | 


| | 
1896|245,938]$6,210,865|130,130/$5,307,615)/6,070 $2,463,115|359,429| $2, 902,085 | $11,532,200 | $10,847,690 33,474,543 $71,898,560 
1897|252,786| 6,393,450|155,449| 6,298,700)5,713 2,458,370/398,023| 3,239,595] 11,969,165) 8,629,4%5 35,919,965} 77,922,710 
1898]191,578] 5,033,025}139,806) 6,450,155|5,418 2,346,205/331,648) 3,053,615) 12,577,815) 8,253,640 25,619,365 85,779,115 


401,365 | 23,921.785|161,679] 6,136,680/601,266) 15,652,560) 50,041 4,441,005 
7,705,290}471 ,883 


1899\ 193.492] 5,158,115]142,577| 7,781,860 5,797| 2,815,835) 359,273 3,466,755| 18,750,635} 9,314,255 41,839,217 128,451,970 
1900/185,783] 5,$04,310)147,528 8,183,390)|6,131 8,157, 625)865.742 3,365,310} 17,125,190) eee ee 193,032,230 
Coal, Copper. 
: etc., for Coal 
Year. | Cokeand Cinders. | gteam’rs | Products. | Copper Sulphate. | Unwrought, Mixed or Yellow 
(b) (c) In Ingots, ete. Metal. 

1896....| 687,640 | $2,191,980 $10,096,302 | $9,168,630 | 53,464 | $4,303,315 98,608! $5,697,555| 11,428 | $2,576,510 

1897....| 993,980 3,872,525 | 10,623,050 8,340,420 | 60,326 5,118,800 |21,252| 5,381,155} 11,192 2,640,740 

1898....| ‘782,053 2,755,580 | 11,444,431 7,624,740 | 52.573 4,224,085 |27,102} 7,154,225} 10,452 2,542,915 

1899....| 881,172 3,748,745 | 12,422,429 7,712,965 | 40,822 4,261,185 |82,449| 11,994,300) 7,038 2,186,940 

1900.... (d) (d) 11,940,353 | ~ 9,060,870 | 43,601 5,067,970 egal 6,993,065| 8,940 2,946,515 

Copper.—Con. Tron. 
Glass, Bar (Except : Iron and Steel Wire 
Year. Wrought a All Kinds Pi d Puddled Railroad), Railroad, and Manufactures. 
Manufactured. ig and Puddled. | Angle, Bolt of All Sorts. |(Except Telegraph 
N. E. 8. (e) and Rod. Wire.) 
1896....| 15,593 |$4,220,155 $4,462,445) 1,077,128 |$12,669,415|180,973 $5,471 ,445|759,625|$17,802,050| 57,008 $4,519,975 
1897....| 15,275 | 4,445,120} 4,359,535) 1,219,958 14,461,865]170,285} 5,421,865|795,983 19,293,670) 52,471 4,332,965 
1895....| 13,765 | 4,629,430 10,205} 1,058,973 13,684.020|152,911] 4,978,125|619,976 15,081,290| 44,954 8,864,220 
1 
q 


4.4 
1899... .| 11.231 | 4/296,590| 4,578,415 
5,17 


1900....| 19,164 | 7,201,390) 5,172,910) 1,451,406 29,993,655 |159,628 


| | 
) 


16,011,255} 39,104 4,522,835 


THE MINERAL INDUSTRY. 


Tron.—Continued. 


Mester es a Black Plates for Cast and Wrought, 
Boiler and Armor | Galvanized Sheets. Tinning. Tinned Plates. and Manufactures. 
Plates. (Iron and Steel.) N. EK. 5. (e) 


122,660 | $4,226,140 | 248,348 | $14,218,110 | 49,179 | $2,389,995 | 271,234 | $15,180,075 | 372,090 $23,598,635 
120,868 | 4,483,370 | 231,319 | 12,810,420 | 59,663 2,844,645 | 276,260 | 15,186,395 | 382,179 24,426,375 
102,638 | 3,916,335 | 230,219 | 12,653,350 | 59,289 2,706,435 | 255,797 | 18,768,540 | 361,927 23,630,065 
111,773 | 4,661,900 | 242,167 | 15,607,050 | 86,936 4,189,790 | 260,735 | 15,888,415 | 363,855 26,160,490 
56,382 | 4,696,840 | 251,203} 18,942,885 | 66,810 3,524,335 | 278,338 | 19,891,880 | 344,901 29,362,285 


iron. -Gonclauded| 


‘Manufactures of 
Old. Steel, Unwrought. Mepeiacts cael Total of Iron and Steel. 


| 
129,463 | $1,694,535 302,198 | $12,587,771 37,299 | $4,650,350 |. 3,607, $119, 008,500 
99,259 1,195,925 804,249 13,033,895 47,626 5,706,825 P 128,198,215 
86,602 1,201,050 290,182 13,203,560 35,857 4,513,470 | 3 299,: 113,200,460 
118,262 1,952,620 333,837 16,842,310 45,181 5,109,295 | 3,77 140,463,900 
96,567 1,876,400 313,330 18,425,090 42,939 | 5,135,170 | 3,602 160,085,785 


Lead. 


x : Potassium Mica and Salt, Rock and 
Pig. Shee five Nitrate. ] Brine. 
Manufactures. 


{ 
18,976-| $1,067,590 | 22,898 $1,549,245 29,994) $165,590 | ¢ $33,125 671,510 $2,351,650 | $954,920 
20,749 | 1,254,985 | 20,162} 1,487,585 |23,872| 117,995 ‘ 680,477 2,332,620 | 1,043,110 
18,964 | 1,231,360 | 19,720}. 1,499,410 26,859) 134,510 g 9, | 698,882 2,300,075 938,905 
21,083 } 1,512,850 | 19,840} 1,667,135 25,668) 131,725 j | 638,213 2,237,080 934,605 
17,764 1,536,320 | 18,812 1,912,480 }25,659| 128,295 | 556,704 2,289, 150 739,000 
| 


Metals, 
Stone, All Kinds. | Tin, Unwrought. Unclassified 


Wr "4 
Manufactures. ie eee 


40,144 “sma 6,299 | $1,987,390 | 3,368) $42,575 $545,195 | 1,034 | $126,456 | $2,688,240 


24,381 578,895 | 5,0: 1,616,000 | 6,072} 78,660 3,95 484,055 5047 | 134,440 2,963,185 
27,569 606,930 | ( 1,974,430 | 6,483) 98,865 at 618,875 168,685 3,164,995 
80,728 612,690 8 2,937,655 | 8,171) 144,420 | 5,492 561,460 | 1,249 | 207,280 3,559,880 
36,309 770,210 é 8,816,700 | 13,913 | 207,770 ,136 650,620 : 183,605 4,195,940 


: Glass. 
Chemical Hodis Wienone Iron, Bar, apie | Steel, 
IPA? AJ 9 ttles % A 

genes and Old. you All Other Kinds} Total. | Hol ped | Unwrought. 


| | { | 
$1,093,585 9,809 | $2,338,295 12,335! $24,895} 3,824 | $292,575) $317’ 70/ 16,882 | $638,705) 4,000 $167,345 
1,295,400 | 10,207 | 2,526,150 |11,666 26,670} 4,35 376,305) 402,975] 21,842 | 962,905} 4,244| 194,980 
1,509,195 | 18,454 | 8,578,710 |12,694| 29,875} 3,96 853,905) 383,780) 26,891 | 1,135,450) 2,619] 154,480 


1,085,185 | 24,515 9,160,530 |13,768] 29,915} 3,17 257,180} 287,095) 19,058} 879.680) 8,289} 149,165 
1,178,710 | 19,163 7,201,390 |18,638) 52,685 t 159,150 ae 11,116 | 547,065) 2,837] 139,870 
| 


Tron and Steel, | | 


N.E.S., Wrought) Petroleum. Potassium es | Tin, in Blocks. 
an Manuiie | Tera, Nitrate. Quicksilver. Ingots, Bars, ' 
ured, (e) | or Slabs. 


$3,712,450 | 11,709,283 $354,420] 1,913] $152,765] 1,198] $1,150,020) 19,007 | $5,669,945 

4,324,980 | 6,753,750) 270,785] 2,949] 218,610] 1:047] ~ 1,050,880) 14994 | ”4’545'810 

5,658,860 | 6,479,451) 217,200] 2,775] 208,080] 1,157] 1199;500| 151885 | 5°310°350 

5,094,390 | 6,699,181) 279,505) 1,573) 122,240] 1,097] 1,816,130) 17,120 | 9'953,060 

4,348,005 | 9,077,474 354,495] 1,581] 128/295] "880 1,188,705, 20,069 13,101,260 
| } 


(a) From Accounts Relating to Trade and Navigation of the United Kingdum. (b) Number of tons shipped 
for the use of steamers engaged in the foreign trade. This not being an export in the ordinary acceptation 
of the term, the value thereof is not given in the trade returns. (c) Including naphtha, paraffine, paraffine oil 


and Poe. (d) Included in exports of coal and culm for this year. (e)N.E.S. signifies ‘not elsewhere 
Specified.” 


UNITED STATES: 


Qraristics and full particulars of the mineral production of the United States 
will be found in the introduction and the articles on the different substances. 
We give below the mineral imports and exports for five years: 


MINERAL IMPORTS OF THE UNITED STATES. (a) 


Aluminum. 
. Ammonium Sulphate. 
Crude. Leaf. Mfd. 
Year. 
fi eae Value ig Metric Value per 
Lb. Kg. | Value. | per Kg. Pkgs. | Value. | Value. Lb. Tons. | Value. |Met. Ton. 
TB ORiicare 3 cisiees 1,822 854 $1,082 $1°26 4,260 $370 $3,279 | 19,351,119) 8,778'$317,121| $36-13 
WSOB ee cris 60 Q7 | 30 111 2,000 174 4,675 | 11,057,762) 5,016) 210,078 41°88 
SOO sis: 53,622 | 24,328 9,425 0°39 693 112 5,803 | 17,121,988) 7,766) 406,573 52°35 
TODOS Ee, Stee 1956559 |116,374 44,455 0°38 1,103 102 3,111 | 24,024,188) 10,897) 591,937 54°32 
LOOP es eee 1564,808 |251,657 104,168 0°41 Nil. Nil. | 5,580 | 31,711,085) 14,384) 728,085 50°62 
\ } 
“3 picid pelea : 
Antimony. Antimony Ore. 
ear Lb, Metric Value Value per Tb: Metric Value Value per 
: Tons. 4 Metric Ton. Tons. ; Metric Ton. 
ARO erie, tales 1,146,696 520 $46,955 $90°30 5,502,132 2,496 $167,373 $67°06 
VEOBistiaeta te 2,025,133 919 148,909 156°59 8,725,222 1,690 50,256 29°74 
199i: cas sae 3,160,697 1,434 240,983 168°09 3,982,133 1,806 47,841 26°49 
TOO sarees 3,682,843 1,648 285,749 173°41 6,035,734 2,738 78,581 28°70 
TOO besos tise 3,674,923 1,667 255,346 15817 1,731,956 786 24,256 80°86 
Asbestos. Asphaltum. 
Year. {anufac- : 
is Crude. bse nee Total Long Tons. Metric Value. | Value per 
Value. Value. Value. Tons. Met. Ton. 
WRQU Sie raleete csrotcisisis cuorerees $264,220 $10.57 $274,790 127,325 129,362 $427,390 $3°30 
HBOR TM jimeetenteeentoweae 287,636 12,899 300,535 67,711 68,794 202,452 2°94 
GUO eid, ovulecotebersuecns eeral Oe teem 303,119 8,949 312,068 100,168 101,771 319,089 3714 
POLIO sstexire erat tostakrcrecorsvaverare hers 331,796 24,155 355,951 113,557 115,374 404,921 3°57 
AGN Fe cle daocsboislcvens, oon 667,087 24,741 691,828 132,079 134,192 516,515 3°85 
Barium Sulphate. 
Bauxite. 
Manufactured. Unmanufactured. 
Year. — - ara * $$ 
Long| Metric | value, {Value per| Long Metric |value,|Value per b. Metric Value per 
Tons. Tons. Vaine: Met. Ton./Tons.| Tons. Mue-\Met. Ton. ay Tons. NAHE: Met. Ton. 
1897. 1.300 | 1,321 {$13,822 | $10-46 | 502 510 S579 $114 5,924,639] 2,695 ($10,515 $3'90 
1998....| 687} — 698 8,678 12°43 | 1,022] 1,038 | 2,678 2°58 | 2.690.240] 1,220 4.238 3°47 
1999... .| 2,111 | 2,145 | 22,919 10°69 | 1,739} 1,767 | 5,488 3°11 | 14,931,840] 6,773 | 23,768 3°51 
1900... .| 2,454} 2,493 | 24,160 9°69 | 2.568 | 2,609 | 8,801 3:18 | 19,889,440] 8,795 | 32,967 3:75 
1901....| 2,454 | 2,493 | 27,062 10°85 | 3,150 | 3,200 | 12,380 3°87 | 40,021,120) 18,158 66,107 3°64 
| | ) 


————— 


THH MINERAL INDUSTRY. 


= (ok SEE AEE 


Chloride of Lime, or Bleach. Cement. 
Brass and 


Year. Manu- 


factures of, : Metric | Value per a Metric | Value. |Value per 
i Tons. ae Met. Ton. wes Tons. Met. "Ton. 


109,176,451 | 49.522 | $1,460,799) $29- 2,090,824 | 379,357 |$2,688,122 $709 
108,462,828 | 49,198 | 1,229,978 5" 2,013,819 | 365,385 | 2,624,228 718 
123,583,061 | 56,056 | 1,203,364 : 2,108,213 | 382,512 | 2,858,266 47 
132, 520,478 | 60,111 | 1,524,205 > 2,386,684 | 433,037 | 3,330,453 7°69 
117,510,359 | oesiiee 1,673,190 31° 939,335 | 170,481 | 1,305,692 7°66 


Chrome Ore. Chromic Acid. Clays or Earths, Including Kaolin. 


me Value. Mees a ‘ Kg. | Value.| Value | Long | Metric] yajye. [Value per 
e 


» Ton. per Kg.| Tons. | Tons Met. Ton. 


11,751 |$186,313) $15°85 i $5,477 $017 |102,391 | 104,029 | $696,935 
16,565 | 272,234] 16°43 . 1,758 0°73 |113,280 | 115,092 | 779,491 
16,046 | 284,825) 17°75 3, 18 6,360 0°42 |122,035 | 123,988 | 807,792 
17,823 | 805,001} 17°11 35,45 7,232 0°45 |146,524 | 148,868 | 966,579 
20,434 | 363,108} 17°77 3,462 10,861 0°45 |181,013 | 183,589 |1,176,633 


Coal. 


Anthracite. Bituminous. Total. 


Metric Value Per| Long Metric Value Per| Metric 4 Value Per 
Tons. ae Met. Ton.| Tons. Tons. Yalur Met. Ton.| Tons. vale. Met. Ton. 


3,333 $8,720)  $2°62 | 1,276,963 | 1,297,394 | $3,423,484) $2° 1,300,728 | $3,432,154 
3,199 8609 2°69 | 1,270,557 | 1,290,886 | 3,569,575 eh 1429'980 | 3,578,181 


4 


tw WwW 


62 245 3°95 | 1,400,461 | 1,422,868 | 3,882,480 : | 1,422,930 | 3,882,675 
120 549 4°58 | 1,909.258 | 1,939,806 | 5,019,553 2'5$ 1,939,92F | 5,020,102 
291 1,844 6°34 | 1,919,962 | 1,950,681 | 5,291,429 x 1,950,972 | 5,293,273 


Ios 
ROWSE 


Coke. Cobalt Oxide. Copper, Ore and Regulus. 


: E i ; Value 
Long | Metric Value per xa r Value Metric 2 
Tons. | Tons. Value. Met. Ton. : Kg. Value. per Kg. Lb. Tons. Value. Met Ton 


1897) 85,193 | 35,756 | $98,558} $2°76 |$24,771 | 11,286 | $34,773 $3°09 | 11,587,520) 5,256) $816,590] $155-36 
1898} 41,185 | 41.844 | 142,334 3°40 | 33,731 5,80 49,245 3°22 6,861,120} 3,212) 654,355) 210-26 
1899] 27,855 | 28,301 | 142,504 5°04 | 46,791 2n 68,847 3°24 | 70,866,880) 32,145] 2,243,583] 65°56 
1900}103,175 |104,826 | 371.341 3°54 | 54,073 | 24) 88,651 3°61 |121,696,960} 55,201) 5,195,010} 90°76 
1901] 72,729 | 73,893 | 266,078 3°61 | 71,969 | 32,6 134,208 4°11 |215,133,686| 97,584/14,692,645| 150°58 


=) ry olite, 

Copper, Ingots, Old, ete. Copper, eS : Cryolite 
2 pper. 
Manufac- Total + 
Value per| tures. 2 etric alne |Value per 
Met. Ton.| Value. | Value. é Tons. Value. |Met, Ton. 


Tit: Metric 


Tons. Value. 


1897....| 16,578,420) 7,520 $1,454,016) $193°35 $58,897 2,329,503 10,277 $135,114 | $13°24 
1898....| 54,166,467) 24,570 4,120,680) 167°7 39,467 A 814,502 6,300 88,501 14°05 
1899... .| 71,922,340) 32,624 10,139,390] 310-80 42.000 21424) 975 g 5,973 78,676 13°17 
1900....| 68,796,808) 31,206 10,557,870] 338-33 23,390 18 776,370 5,524 72,763 13-17% 


72,7 


1901....] 73,826,406} 33,488 11,812,216] 352-73 24,775 26.529, 636 5,469 70, 886 12°96 


Re E Rock. 
action: Emery Grains mery 


Stone, and Manufac- ery: 
China Ware Metric Value per| Long | Metric Value per| tures. Tota. 
Value. Lb. Tons. Value, Met. Ton | Tons. | Tons. Value. Met. Ton.} Value. Value. 


$8,409,678 | 520.095} 238 | $20,022 $84°84 5,209 5,292 |$107,649) $20°36 $2,211 $129,882 
7,273,471 | 577,655 | 262 238,320 89°01 5,547 5,636 | 106,269 18°86 3,810 133.399 
8,101,093 | 728,299 | 330 29,124 68:17 7.435 A 554 | 116,493 15°42 11,514 157,131 
9,143,536 | 661,482] 300 26,520 88°39 11,392 | 11,57. 202,980 17°54 10,006 239,506 
9,816,074 |1,116,729 | 506 43,207 85°37 12,441 12,640 240,856 19°05 10,927 294,990 


UNITED STATES. 877 
(esis et ES a ws, 
RES 
sectesin Gold and Silver in Goin 
1 ipa ee eats and Bullion. 
Year. ee wk Phosphates, Crude. : All 
} : ther 
Long | Metric} y Value per| Long | Metric Value per| : 5 : 
mone! Tons | Value. Met. Ton.} Tons. | Tons. Value. Met. Ton. Value. Gold. Silver. 
1897.. 4,931 | 5,019 | $55,709) $1112 -| 8,019 | 8,147 | $65,187 $8°00 |$1,295,804) $29,081,760 | $12,146,750 
1898. . 5,259 | 5,343 56,933 10°66 66,129 | 67,187 | 303,635 4°52 1,045,113) 153,146,159 9,572,310 
1899. . 5700 | 2,748 26,787 9°76 | 115,918 | 117,768 | 523,258 4°44 986,127| 40,070,599 8,940,842 
1900. . 6,620 | 6,726 67,413 9°91 | 137,086 | 189.272 | 791,189 5°68 | 1,400,336) 45,703,256 14,695,965 
1901. . 6,252 | 6,852 74,670 11°75 74,462 | 177,253 | 868,993 4°96 | 1,506,965)  38,237,62' 12,957,987 
Gold and Silver in Ores. Tron Ore. Pig Iron. 
Year Be s F 
: Long | Metric Value per| Long | Metric y Value per 
Gold. Silver. Tons. | Tons. | Y@!Ue |Met. Ton.| Tons. | Tons. Value. |Met. Ton. 
a | | e 
1897...... $4,941,052 $20,935,552 489,970) 497,809, $678,912)  $1°39 19,212 | 19,519 | $484,655) $24°83 
1898...... 5,017,793 19,559,070 187,093] 190,086, 253,243 1°33. | 25,152 | 25,554 704,431 27°56 
1899...... 11,264,365 21,903,087 674,082] 684,867) 1,082,847 158 | 40,898 | 41,039 | 1,889,405 32°64 
1900...... 21,045,828 25,404,574 879,831 893,908) 1,303,196 1°48 52,565 | 53,406 | 1,907,361 35°71 
1901.65 21,524,251 18,188,795 966,950) 982,421; 1,659,273 1°69 62,930 | 63,937 | 1,792,014 28°08 
J 
Scrap Iron and Steel. : Bar Iron, Rolled and Hammered. Bars, Railway, of Iron or Steel. 
ui | ; 
S | Long | Metric | Value per Metric Value per| Long | Metric Value per 
M4 Tons. | Tons. Value. |Met. Ton. Lb. Tons. Value. Met. Ton.| Tons. | Tons. Value. Met. 'Ton. 
| rey 2 Se ™_ 
1897) $1,549 1,573 | $12,483) 7-26 | 31,849,707) 14,220 | $614,318} $43°20 1 422 | $15,939} $37-77 
1898] 1,783 1,812 335330) 18°39 | 42,827,276] 19,426 | 844,365 43°47 200 203 5,181 25°52 
1899} 10,925 | 11,100 | 168,045) 15 14 44,333,056] 20,109 | 942,847 46°86 2,134 2,168 70,751 2°65 
1900} 34,431 | 34,982 | 663,231, 18°96 | 44,093,825) 19,094 |1,058,761 55°45 1,448 1,471 56,129 88°15 
1901} 20,180 | 20,452 339,827 16°56 | 46,601,251] 20,000 |1,102.863 55°14 1,905 1,985 67,052 35°17 
} 
Hoop, Band, or Scroll. Ingots, Blooms, Slabs, Billets, etc. (Sheet, Plate, and Taggers Iron or Steel- 
& 
s Met. |x; | Value per Met.| wv Value per Metric Value per 
& | Lb. |pons.|V@lue-|Met. Ton.| © |rons. Value. |Met.Ton.| EL | tons. | Vue. | met. Ton. 
1897| 61,916] 28 | $2,873) $102°61 |38,600,934}17,509/$1,523,410) $87-00 5,854,990} 2,656} $170,885} $64°15 
1898 7,527 3 "924 74°66 |23,868,683]10,827) 1,008,360 93°13 5,085. 287) 2,307 181,021 78°47 
1899]1,485,720| 674 | 33,392 49°54 28,225,647 12,803] 1,287,725} 100°58 | 15,777,168] 7,156 464,297 64°88 
1900} 369,165] 167 12/409 74:08 |28, "468, 816}12,913) 1,332,896] 103°19 | 11,521,161] 5,226 426,541 81°62 
1901]6,660,909] 3,021 | 116,841 38°67 |18,259,393] 8,282] 1,330,985} 160°69 12,601, 396 5,716 443,880 7785 


Tin Plates, Terne Plates, and Taggers Tin. 


Year i 
: Metric Value per Metric Value per 
Lb. Tons Value. Metric Ton. Lb. Tons. Value. Metric 
AOR ocd os 235,154 107 $3,686 $3445 187,825,880 85,198 $4,366,828 $51°25 
TRORG aise tne Nil. Jove eee cee e nef ee cess cesses lesce cence ees 149,576,525 67.847 3,311,658 48°81 
Pete ae crviekacese Nil. Fits gaa eee eeateie Looeea we tese: atta He [eee eis aw oreio 131,970,441 59.861 3,738,567 62°45 
EGOO ssravere ie siavere Nil. Siete siare! onosSta sata inva ta: sista Sia toate sina wes seis ere 135,264,791 61,356 4,617,813 75°26 
DOE os ss Sees INGLE i Wee ataaiac any oell ae evar ebgibietatee slic atta ibe paeeaine 173,364,176 78,638 FeSO 780 slice c ccameis aro eess 
Wire Rods. Wire, and Articles made from. A 
oe VManufac- 
: Metric Value per Metric Value per tures. 
Lb. Tons. Value. |Met. Ton. Lb. Tons. Value, Met. Ton Value. 
LOO fie ic Scere 36,768,538 16,679 $772,950] $46°34 5,720, 322 2,596 $344,855 | $132°84 5,523,678 
MOG os, Sh 35,807,368 | 16,242 767.909] 47°28 | 4,516,761 2.049 | 318.553 | 155-46 £500 548 
od OM eRares ee 40,239,103 18,252 873,396 47°85 5,293, 069 2,401 400,952 166°99 6,481,702 
SU aaron tees 47,245,140 21,430 1,212,594 56°58 4,138,991 1,877 409,087 217°90 8,747,089 
DOOD. osicin ase 37,640,504 17,073 964,744 56°50 9,247,231 4,192 585,354 139°64 8,356,646 


Total 
Value of 
Tron 
Imports. 
(e) 


THE MINERAL INDUSTRY. 


Lead, Pig, Bars, Scrap, and in Ore. 


Lead, Sheet, Pipe, 
Shot, etc. 


Lb. 


Metric 
Tons. 


Value. 


$13,885,950 
12,474,572 
15,800,579 
20,443,911 
20,394,995 


185,318,412 
179,291,290 
192,877,074 
228,793,449 
224,942, 329 


84,060 
81,326 
87,488 

108.780 

102,332 


$2,480,471 
2,535,362 
2,816,783 
3,957,695 
4,848,081 


Value per 


Metric Ton. 


$29°51 
31°18 
32°20 
38.13 
47°52 


Lb. 


95,891 
242,759 
110,372 

27,945 

56,735 


—_ 


Metric 
Tons. 


48 
110 
59 
13 
26 


Lead, Sheet, Pipe, 


Shot, etc.—Continued. 


Value per 


Walite. Met. Ton. 


Lead, 
Other 
Manufac- 
tures. 
Value. 


$9400 
85°35 
74°61 
109°68 
106,65 


$814 
Nil. 


Lead, 
Total 
Value. 


Long 
Tons. 


Manganese Ore. 


Metric 
Tons. 


Value. 


Value per 
Met. Ton. 


39,574 
114,885 
188,349 
256,252 
165,720 


40,207 
116,723 
191,363 
260.352 
168,372 


$340,945 

831,967 
1,584,528 
2,042 361 
1,486,573 


Marble and Stone, and M’f’res of. 


Marble and 
Manufac- 
tures of. 


Stone and 
Manufac- 
tures of. 


Metals, Metal Compositions, and 
Manufactures of, N.E.S. 


Bronze 


Total. 


Manufac- 
tures. 


All Other. 


Total. 


Mica. 


Nickel. 


Mineral 


Substances 


N. E.S. 


Mica, Mineral Substances, and 


Nickel. 


Value. 


1897 
1898 
1899 
1900 
1901 


$860,659 
726,343 
726,070 
945,705 
1,226,524 


Value. 
(d) 


Value. 


Value. 


Value. 


$263,381 
229,909 
200,192 
256,624 
237,191 


$1,124,040 
956,252 
926,262 
1,202,329 
1,463,715 


$526,741 
508,814 
710,086 
791.306 
945,702 


$159,616 
150,082 
275,984 
319,560 
335,054 


Value. 


73.373 


71,377 
109,043 


Value. 


$53,013 
if 
(f) 

1,637,166 


Oil, Mineral. 


Paints, Mineral. 
Zine Oxide in Oi 


1. 


Paints 
and Colors. 


Platinum, 
Man’f’ur’d. 


Gallons. 


| 23204.684 


Liters. 


3,592,638 
7,661,808 
4,190,630 
11,508,913 
8,686,389 


Value. 


Value 
per 
Liter. 


Value. 


Value pr. 
Met.Ton. 


Value. 


1$77,789 
146,713 
| 103,047 
| 274,766 
| 151,918 


$0" 
"025 
“024. 
"018 


021 
019 


502,357 
27,050 
41,699 
38,706 

128,198 


$19,608 
21279 
4,154 
3,098 
8,983 


$86 :00 | 
189-92 
219°79 | 
176°02 

154°88 


$1,819,894 
1,142,670 
1,412,877 
1,491,902 


1,524,125 


Value. 


$121 
271 
76 
827 


2,513 


Platinum, Unmanu- Plat’m 


factured. 


Vases, 
Retorts 


Potash, Chlorate of. 


| 
Kg. | Value. veer 


Value. 


Metric 


Lb. Tons. 


| Potash, Chromate & Bichromate. 


V 
Value. 


al. per} 
Metric 


Ton. 


Met. 


Value. 


Value per 


1897'|2,584°14 
1898'3,142°07 
1899 3,041 °32 
1900 3,450°06 | 


| 
$960,299 $371°61 
1,178,142) 374-96 
1,482,157) 487-34 
1,728,777, 501:81 


$43,800) 


35, 


Met. Ton. 


6,508,359 | 
4,805,332 
1,534,657 
1,243,612 


$461,620 
288.965 
102,189| 
68,772 


$156° 
132° 
146° 
121° 


38) 1,329,473 
55| 1,160,710 
82) 1.130.965 | 
94} °111.761 


$108,497 | $179°93 
86,134} 163°75 
73,510 | 143°29 

7,758 | 153°02 


TE 086-00 | 


1,673,713, 598742 


‘ 
21,969 


811,127 


61,348; 166°71; 430,996 


29,224 


149° 86 


Potash, 


Muriate of. 


Potash, Nitrate of. 


Potash, 


all other. 


Lb. 


(108,839,049) 


103,368,701 


117,449,708) 
180,175,481 | 


Metric | 
Tons. 


Value. 


Val. per 
Metric 
Ton. | 


49,369 
46,888 
53,275 
59,047 


veeoevees (144,189,837 


65,404 


1,683,472) 

11620, 

1.819°448 | 

11976.604| 

2316577 35°39 
i} 


720} 


$34°10 
34°57 
34°15 
33°48 


Lb. 


16,276,352 
11,461,823 
18,961,270 
10,545,392 

9,600,393 | 


Metric 

Tons, 
7,383 
5,199 
8,601 
4,783 
4,355 


Value. 


Value per 
Met. Ton. 


Lb. 


$306,696 
281,504 
377,371 
276,664 
| 251,783 


$41°54 
54°15 
43°88 
57°84 
57°81 


30,811,863 | 
37,736,761 | 
46,453,415 | 
54,904,088 | 


72,489, 918 | 
) 


Metric 
Tons. 


13,749 
17,117 
21,071 
24,904 
32,881 


UNITED STATES. 879 
Potash, all other. Precious Stones. ; 
Continued. ; Pyrites. 
s Rough & Cut 
Year. Value Ynont. fs a? #2 
Value. per Long | Metric! yore. |Value per Sains 
Metric | Value. | Value. | Tons. | Tons. | * (Met. Ton.|¢ : ts 
Pan: | ontents. 
Blt: ieee Qe EI GIGS $667,209 $48°53° (1,425,614 | $5,090,125) 259,546 | 263,699 | $874,419} $332 || 25% 
1GOS Riek catia otes 827,556 48°35 |2,550,076 7,388, 086) 171,879 | 174,629 | 544,165 3°12 Over 25% 
TROQGE. Si avenwencteaates 1,014,862 48°16 (4,955,587 | 11,653,917) 310,008 | 314,968 | 1,074,855 3°41 Over 25% 
LQOO ete. c ives eats oratscore’s 1,407,303 56°51 = (8,751,219 9,612,127) 382,517 | 387,887 | 1,095,598 3°24 |Over 25% 
100th cous yA Gees 1,636,856 49°78 |6,637,860 | 17,162,421] 398,969 | 405,353 | 1,407,244] 3-47 | Over 25% 
} 
Quigks Salt. Soda, Nitrate of. 
Year. ae ee glean ot) ie 
Metric | Value per; Long Metric | | Value Per 
Value. Lb. Tons, | Value. |Met. Ton.) Tons. Tons. | Value. | met. Ton. 
WOO tise $20,147 461,813,843 | 209.479 | $611,166 $2744 94,965 96,484 | $2,810,187 $29°12 
W808 sie vices os 51 374,310,225 | 169,786 | 587,348 3°46 147,494 149,854 | 2,298,240 15°34 
LBOGE eeseceneks 83 386,378.938 | 175,260 | 587,103 3°35 146,492 149,836 | 3,486,313 23°42 
1900.. 1,051 415,865,592 | 188.636 | 633,192 3°36 182,108 185,022 | 4,935,520 26°78 
LOO irteevss: scars tania te erase earere 389,932,428 | 176,871 670,648 3°79 208,679 212,018 | 5,999,098 28°29 
| 
Soda, Bicarbonate. Soda, Caustic. 
Year. Metric Value Metri 7 
é per Metric 7 Value per 
Lb. Tons. Value. Metric Ton. Lb. Tons. Value. Metric Ton. 
De ie eae REN 965,669 438 $13,982 $31°92 57,742,392 26,192 $988,318 $37°73 
bc)? ep me 280,988 127 5,794 45°62 24,981,873 11,332 354,270 31°26 
WSO Bente osstave 162,398 44 5,219 70°81 13,363,529 6,062 186,008 30°68 
100 nts tae: 133,137 60 4,509 74°65 8,403,749 3,812 150,530 89°49 
OO erie sancaggis 154,653 70 4,727 67°53 8,812,847 1,725 94,3038 54°65 
Soda Ash and Sal Soda. All other Soda Salts. 
Year. Metric Value per | Metric Value per 
Lb. Tons. Value. Metric Ton. Lb. 1 Tons. Value Metric Pon 
154,656,060 70,152 | $1,122,867 $1600 7,927,145 3,596 | $100,989 $28-08 
73,064,707 83,142 447,119 13°49 23,354,802 10,594 256,962 24°26 
56,053,837 25,426 425,255 16°72 26,593,238 12,062 360,721 29°90 
73,815,425 33,482 613,379 18°32 20,484,988 9,292 259,802 26°02: 
81,415,788 18,786, 276,261 14°71 14,491,559 6,573 189,543 28°08: 


Sulphur, Crude. Sulphur, Flowers. Sulphur, Refined. 
q ee ret 
| | 
© | Long | Metric Value per| Long | Metric Value per} Long | Metric | | Value per 
~ | Tons. | Tons. Value. Met. Ton.} Tons. | Tons. Value. Met. Ton.| Tons Tons. Value. |Met. Ton. 
Sete jane | 
1897] 138,846} 141,067| $2,442,420} $17°31 319 824 | $7,950 | $24°54 148 150. | $3,387 2258 
1898] 159,790) 162,347) 3,081,974 18°98 507 515 | 14,548 28°25 163 166 4,391 26°45, 
1899] 140,841) 148,094) 2,494,387 17°43 336 341 9,917 29°08 184 187 4,519 24.17 
1900]:166,457| 169,120) 2,918,610 17°26 628 638 | 17,487 27°33 243 247 6,279 25°43 
1901] 174,194| 176,981). 3,261,397 18°43 748 %61 | 20,201 26°54 268 272 6,308 23°20 
Tale. é Tin = 
Year. Metric | Value per Metric Value 
per 
Lb. Tons Value. Metric Ton. Lb. Tons. Value. Met. Ton. 
1897....2 sesee| 1,597,849 925 $8,423 $11°61 55,172,571 25,026 $7,415,933 $296°33 
1898s 30 0. ot : 889,645 404 5,526 13°68 62,748,399 28,462 8,770,221 308°49 
WSOP Getittiee ste 508,553 231 3,534 15°32 71,248,407 32,318 16,746,105 51817 
L900 vaio ns efae 158,497 72 1,07 14°88 69,989,502 31,747 19,458,586 612°93 
LOOT Ei oni pid 4,771,781 2,164 27,015 12°49 74,560,487 33,820 19,024,761 562°53 


THE MINERAL INDUSTRY. 


Zine. 


Block, Pig, and Old. 


—_— — 


3 (wa) From Summary of 
= ommerce and Finance 
eer 1 Toial lay ane Dalted States. 
| Net Value, Value. ||(6)Custom-house returns 
: for these years are given 
————-——||in pounds, which are re. 


duced to barrels of 
1,160 $95,888 $10,401) Sb Bid: Ne eee ow ce 
1,244 109,624 : 13,448 | 128,072 comparison. (d) Includ- 
1,354 151,956 14,800 | 166,756 ling slate. (ce) Not im 
913 rarer ) | 36,836 134,598 ; 


352 30,920 ee BOO eg Oo YE 


Lb Metric 


Value per 
Tons. 


Value. Met. Ton. 


MINERAL EXPORTS OF DOMESTIC PRODUCTION OF THE UNITED STATES. (a) 


Brass & Chemicals, Coal. 
Asbes- | Manufac- Cement. Drugs and 
Aluminum tos. | tures of. Medicines. 

Year. Jand Manufac- 
tures of. ae a 


Metric Value per 7 Lon Metric 
Value.| Value. Bbls. Tons(m) Value. | wet. Ton,| Value. one, 


s | ee 


(n) 73,736) $1,346,802} 53,466 | 9,701 | $93,684) $9°66 $9,633.381 | 1,298,768 | 
$239,997 54,660) 1,237,027 36,732 | 6,665 | 73.888) 11-08 9,732,734 | 1.350.948 | 
291-515 77,409| 1,607,072} 81,090 | 14,713 | 166,073) 11:29 11,949.834 | 1,707,796 | 
281,821 124,971] 2,068,072) 100,400 | 18/216 | 225.306) 12°37 18,771,682 | 11654’610 
183,579 | 113,816) 2,078,178) 373,934 | 67,808 | 679,206 10°79 14,254,526 | 1/993,307 | 


' Anthracite. — 


Coal.—Continued. 
—— Copper Ore. (c) 


Beyer ee snes ets _| Total 2 Spies eat rad 
Val L Metri Value per Pong. : hs Metric 

al. per ong etric 4 : : alue. : } 
Yale. Met.Ton.| Tons. | Tons. Vale Met. Ton. tee A Tons. 


Anthracite.—Con. Bituminous. 


| | 
$5,836,730 e 2,399,263 |2,4 $5,326,761) 2: 3,698,031 | $11,163,491) 20,303,360) 9,209 
5,712,985, : 3,152,457 3,2 6,699,248, x 4,503,405) 4,57: 12,412,233) 20,928,320} 9,492 
: 4,044,354) 4,109 8,573,276) 3 5,752,150} 5,844, 15,713,376} 8,393,280) 3,807 
|6.262,909 |6,363,631) 14,431,590) : 7,917.519 oy 21,524,079, 22,415,680! 10,168 
|5,390,086 5,476,327) MNES TOS) : '(,383,398 22,022,910, 43,933,120} 19,927 


Copper Ore.—Con. Copper, Pig, Sheet, and Old. Earthen, 
(c) Copper. and 
Manufac- China 
: tures. Ware. 
Tons. Value. {Met.Ton Value. — - 
: ; Value. 


Val. per 
Value. | Metric 
Ton. 


Metric Val. per 


$1,199,029} — 130°20) 277,255,742) 125,763 |$30,627,945) $243:54 | $958,379 $32,785,353 $267,603 
755,443 4 291,955,905] 132.430 | 38,598,869/ 253°71 | 1,190,989 | 35.545,251 251,821 

3 246,826,331| 111,960 | 41,190,287] 367°S0 | 1,852,499 | 43,485,654 511,732 
337,973,751) 153,304 | 55,285,047} 60°51 | 2,257,563 | 58,875,439 558,794 
194,249,828| 88,111 | 31,692,563] 359-70 36,071,448 | 526,820 


: BM cc f | Glass- |Gold and Silver in Coin 
Phosphates, Crude. All Other. ware. and Bullion. (e) 


Metric 


Value per| Long | Metric Value per 
Tons. 


Met. Tons} Tons. | Tons. Value. Met. Ton. Value. Gold. Silver. 


234,558) $34,174, 182/ $58,352,274 
289,919} 16,113,258] 53,673,605 
1716,843) 45,317,461] 53,422,242 
042,633) 54,064,697) 65,705.909 
,087,043! 56,717,300! 55,527,518 


Value. 


559,863 |$5,136,546;  $9- ») 1 
580,083 | 4,672,463 : j 16,981 | $442,977 1 
881,675 | 6,770,102 2 ¢ 49,867 | 1,031,882 1 
629.915 | 5,217,560 : i 26,392 | 537,908 * 2 
741,317 | 5,841,495 & 14,059 | 141,284 | 38(,714 2 


’ 


Gold and Silver , 
in Ores. (f) Iron Ore. Tron, Pig. 


: Long Metric Value per| Long Metric Value per 
Gold. | Silver. Tons. ‘Tons. Value. (Met. Ton.| Tons. Tons. Value. | Met. Ton. 


| 
- ($102,219) $309,018} 7,583 7,704 | $24,612 : 262,686 | 266,889 | $3,269,010 
-| 81,696 123,499} 31,579 82,084 67,548 ; 258,057 | 257,106 2,702,551 
39,495] 40,665 41,316 76,287 : 228,678 | 232,337 8,282,641 
515.755} 51,460 52,283 154,756 : 286,687 291.404 4,654,582 
111,383). 64,703 65,748 163,465 : 81,178 82,477 1,259,499 


UNITED STATES. 881 


Iron, Bar. Iron, Band, Hoop and Scroll. Billets, Ingots, and Blooms. 


Year. 


Long | Metric Value per| Long | Metric Value per} Long | Metric Value per 
Tous. Tons. | Value. |Met. Ton.| Tons. | Tons. | V@lue. Met. Ton.| Tons. | Tons. Value. | vet. ‘Ton. 


1897} 4,493] 4,566 |$150,807) $33°05 | 1,424 | 1,446 |$44,754 30°95 | 6,356 6,458 | $108,333| $16°7 
1898] 7,074] 7,188 | 241,499} 33°60 | 1,593 | 1,619 | 58,731 36°28 | 28,600 | 29,058 | 544,77 18°7 
1899] 10.898 | 11,073 | 413,694; 3736 | 2,869 | 2,915 | 117,002 40°14 | 25,487 | 25,895 | 533,241) 20°59 
1900| 13-298 | 131512 | 558,576] 41°38 | 2,976 | 3,024 | 137,487 45°45 107,385 | 109,103 | 2,915,371 26°72 
1901] 17,708 | 17,998 | 674,671; 37°50 | 1,561 | 1,586 | 74,056 46°69 | 28,614 | 29,072 | 708,887; 24°38 


: : Out. Iron Nails & Spikes; Wire, Wrought, S : 
Iron, Nails and Spikes, Cut Hoteeehos and ail cikex tac Packs. Plates and Sheets of Iron. 


$e. 

Coe] 

S i Val. per F : Val. per 

fon oaks Peele aA Metric | Lb. Mote | value, were | Lb. HERS | value. Metric 
is ion. 2 * 2 Z on. 


1897| 33,773,216| 15,319 |$670,709] $43°78 |20,070,024| 9,104 | 550,654) $60'49 | 9,061,447) 4,110 |$175,799 $42°77 
1898] 35, 247) 266| 15,988 | 641,779] 40°20 |35,409,739} 16,062 | 839,299 52°25 10,008,903) 4,538 | 204,170) 44°99 
1899] 22, ‘342, 543} 10,185 | 482,882) 47°64 |79,727,846] 36,164 |1,957,773 54°14 |13,880,092| 6,296 356, 791| 56°67 
1900} 25, 005,308 11,342 | 626,497] 55°24 [65,444,887] 29,681 |1,816,813) 61°21 20,902,867) 9,481 600,600 63°34 
1901 20,837,973 9,452 | 450,331] 48°70 |46,298,262) 21,001 |1,152,368) 54°87 115,466,168] 7,015 | 452,695) 64°53 


j Plates and Sheets of Steel. Rails or Bars of Iron. Rails or Bars of Steel. 
re eee ae en eat 
oS | : 
® | Metric Val. per| Long | Metric Value per} Long | Metric Value per 
aa Lb. Tons, | Value. vee Tons. | Tons. Value. Met. Ton.| Tons. | Tons. Value. _|Met. Ton. 


18)7) 11,364,821) 5,155 | $173,567} $33°66 | 5,413 | 5,499 $95,520] $17°37 | 142,808)145,093 | 2,949,901} $20°33 
1898| 60,647,662) 27.510 | 787,245) 28°62 | 8,311 | 8,444 101,109 11°97 298, 592/298,289 | 5,838,464 19°57 
1899) 113,422,814 51,448 |1,690,490] 32°86 | 6,442 | 6,545 96,135 14°69 | 271, 272 275,612 | 6,122,382 22°21 
1909} 101,995,225] 46,264 |1,638.478] 35°41 | 5,374 | 5,460 119,206} 21°88 356,245 361,945 10, 895, 416 30°10 
19J1| 58,588,154) 24,303 | 959,471) 39°48 901 915 32,357} 35°36 | 318,055/323,044 | 8, 628, 781 26.71 


a nn EEE nnn AGIInnIS DIESE SS 


Structural Iron and Steel. Wire. Wire Rods. (Steel.) 
Te Fc eae Oe ee ee f 
© + Lon | iLetric Val. per Met. Value per Metric Val. per 
val Lb. Tons Value. 


Tons | Tons. | Value. |Met. Ton Met. Ton.| Lb. Tons. Value. Met.Ton 


1897] 15,072] 15,813 | $604,339} $39-47 |118,887,872| 53,927] $2,353,829) $48°65 |23,484,969/ 10,653 |$240,787| $22-60 
1898] 34 035] 34,583 |1,255,451| 86°30 [167,252,882] 75,865] 3,036,818) 40°03 [41,462,598] 18,807 | 390,144) 20°7 

1899] 54,244] 55,112 | 2,059,289). 37°37 |260,549,627] 119,184) 5,526,930) 46°83 [38,062,438] 17,265 | 524,466) 30°38 
1900} 67,714] 68,797 3, 570, 769; 51°90 |174,751, 042 79,267| 4,604,047) 58°53 |23,860,018) 10,823 | 505,529) 46°62 
1901) 54,005] 54,869 | 3,031, '861| 55°26 197, 651, 789] 89,654 4,805,608) 53°71 |18,287,901| 8,250] 271,552) 32°91 


ee... 00D“ V—3co05 SS eS 
Lead &| Marble, ( Petroleum (1 = 1,000 in Quantities and total Values.) 
Manu- | Stone, & ; ea ict eee As mre SW. 
fac- |Manutac-| Mica. Nickel. 
FI tures. | tures of. (9) Crude. Naphtha. 
Value. | Value. | Value. | Value. |Gallons.} Liters. | Value. Valuep €T!Gallons.| Liters. | Value. eee ok 
(Ie) ; : 
1897|$433,319) $1,682,044 Nil. pt 121,864) 461,255) $5,044) $0°011 13,704 | 51,869 | $1,020 $0°020 
1898} 215,239) 1, 842, 220) $6,272 |1,359,609) 120,436} 455,888 5,016 “O11 17,258 | 65,326 1,071 “016 
1899| 273,919) 1, 900, 763} 4,655 |1,151,923) 117,690] 445,495 5,958 *013 18,210 | 68,930 1,597 “023 
1900] 459,574 1.556, "981 165 |1,382,727| 138,161} 523,000 7341 “014 18,570 | 70,295 1,681 024 
1301} 624,534 1.785.515 8,584 |1,521,291] 127,008} 480,781 6,038 013 21,685 | 82,087 1,742 021 
at Petroleum —Continued. “ 
i Illuminating. | Lubricating. Residue, etc. 
5 a ay ‘ 
> 
* Gallons! Liters. | Value. |V2!Ue Pe'lgations.| Liters. | Value. | V#!ue per|Gallons) 5 iters. | Value, {Value Per 


Liter. Liter. (3) Liter. 


'897| 804,446)3,045,182} $46,876} $0°015 52,659 | 199,332) $6,732) $0°034 12,247 | 46,355 | . $335 $0°007 
1898} .764,823)2,894,191| 38,895 013 65,526 | 248,038 7,626 ‘031 30,436 |115,209.| 815. 007 
$399}... 733,382|2,776,134| 49,172 ‘018 71,116 | 269,195 8, 658 “032 21,609 | 81,798 658 *008 
900 739, 163\3,104,593 54,693 018 | . 71,211 | 269,540 9, 933 037 19,750 | 74,760 845 011 
1901) .827,222|3, 138,399, 53,491 “017 75,29% | 285,010 10, 260 “0386 =| 27,596 | 104,463 | 1,255 012 
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Petroleum.—Concluded. 


: Paraffine. 


Lb, 


Metric 


Value per 


Met. Ton. Lb. 


Quicksilver. 


| Tin Manu- 


Metric 
Tons. 


Value per 


Value. Met. Ton. 


1,007,770 
981,497 


457 
445 
573 
353 
389 


$863°35 
990-08 
1,062°92 
1,206°61 
1.222°86 


factures. 
Value. 


$284,020 
281,794 
401,217 
467,354 
495,435 


Zine Ore. 


Metric 
Tons. 


8,393 
10,689 
25,600 
38,158 
40,058 


Zine Oxide. 


Value per 


Value. Met. Ton. 


Metric 
Tons. 


Value. 


$211,350 | $25-18 
28-05 
28°36 
29°71 
29°15 


$104,140 
252,194 
366,598 
496,380 
398,259 


Zinc; Pigs, Bars, Plates and Sheets. 


Metric 


Lb. Tons. 


Value. 


28,490,662 
20,998,413 
13,509,316 
44,802,577 

6,770,221 


"12,928 
9,525 
6,128 

20,322 
3,071 


€1,356,538 
1,033,959 
742,521 
2,217,693 
288,906 


All Other 
Manufac- 
tures. 
Value. 


Value per 
Met. Ton. 


$104°97 
108 °55 
121°17 
109°13 
94°08 


$71,021 


MINERAL EXPORTS OF FOREIGN PRODUCE FROM THE UNITED STATES. (qa) 


Lb. 


4,089 
25,275 
16,815 
23,520 

Nil. 


Long 


Tons. Tons. 


Salts of Potash. (h) 


Value per 


Metric 
Tons. 


Metric 


Asphaltum or Bitumen (Crude.) 


Value. 


$1,042 
28,666 
24,486 
10.044 
18,078 


Value. 


Antimony Ore. 


Value Per 
Metric Ton. 


$287 
1,729 
1,275 
2,352 
Nil. 


$151 °55 
151°67 
167°76 
219°81 

Nil, 


Lb. 


87,395 
34,321 
Nil. 
Nil, 
49,655 


Metric 


Value. 


Brass and 

Manufac- 

tures of. 
Value. 


Value per 
Met. Ton. 


$25°41 
18°64 
20°19 
15°73 
8:06 


Lb. 


2,488,350 
6,574,858 
11,672,694 
15,815,851 
17,476,590 


_-_-- eo eee 


Value. 


$9,705 
24,283 


47384 
63,880 
72,761 


Value 


Per Metric 


Ton. 


$61°74 
70°83 
75°64 
96°06 
95°03 


Sg se 
Antimony. 


Value Per 
Metric Ton. 


Value per 
Met. Ton. 


Chemicals. 


Chloride of Lime. 


$4,763 

5.444 
121594 
43,524 
43,446 


$0" 


08 
07 
“07 
12 
15 


Value, |V4lue per 
_Kg. 


Nitrate of Soda. 


Kg. | Value. 


5,559,680 


917,506 
746,802 
2,499,501 
3,138,601 
2,518,543 


$33,979 
24.825 
78.877 
112,550 
101,489 


Value per 
Kg. 
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Chemicals— Continued. 


FI Caustic Soda. Sal Soda and Soda Ash. All Other Salts of Soda. 
Bo fp 
a Val 
; _ | Value. | Value per Lb. d Vv. _| Value : Value 
Lb Kg alue Ke: Kg alue pen Ke. Lb Kg Value. per Ki. 


1897 1,824,565 827,623|$34,3382 | $0°04  |2,246,181/1,018,868) $9,128 | $001 20,797; 9,438 $262 | $0°03 


1898) 1,237,257} 561,216 22,202 04 = (4,247 ,945/1,926,855} 14,255 “01 120,542! 54,677 1,400 “03 
1899) 1,032,831 468,489] 18,330 04 1,173,781| 532,424; 4,193 o1 93,520) 42,420 2,085 *05 
1900) 1,189,954 517,080] 24,228 "05. |, 78,017 35,388} 1,126 “03 270,307) 122,610 2,788 “02 
1901|1,001,940) 452,482) 21,511 eo Our 167,614 5,184] “03. | 133,400] 60,510 | 3,398 | 05 
SES 
Clays or Earths of All Kinds, | Coal, Bituminous. Coen 
vs including China Clay. | = Ore and Regulus. 
= ay 
t) | | 
Pm | Long | Metric Value per, Long | Metric Value per Metric Val. per 
Tons. | Tons. | Value. |Met. Ton. Tons. | Tons, | Value |met. Ton. Lb. Tons. | Value. Met.Ton. 
1897] 16 16 $63 | $3-93 5,297 | 5,382 | $6.387 | $1418 | 1,328,320] 603 | $85,170) $141°24 
1898 91 92 657 (at 2,890 2,936 2,675 0°91 7,622,720 | 3,458 547,960} ~ 158°46 
1899} 152 154 1,304 8:44 6,806 6,915 9,598 1°39 3,841,600 | 1,743 265,326 152°22 
1900 vi v63) 572 7-22 6,740 6,848 19,740 2°88 2,159,360 979 70,191 173°75 
1901} 80 81 825 10°18 3,796 | 4,403 10,627 2°44 {PPsARes E40 10,050 | 1406,648 139°95 
Copper.—Continued. Earthen, Fertilizers. 
Pigs, Bars, Ingots, Old, and Other oo 
Year, Unmanufactured. Manufac-| China- Guano. 
7 Be eGR : oe ae 
etric _ |Value per, Value. Value. Long Metric Value per 
oe | Tons. Maite Met. Ton. Tons. Tons. vac. Met. Ton. 
soe 06 184 $30,167 | $163°93 $4,225 $23,438 TNE ANSE Oe tr oeie Feet acesramien eaten? Fi 
23,647,968, 10,727 | 1,487,464 | 134-00 4.637 | 30,646 NEL Meee eee te eo a ean ata 
2,550,149 1 ye 350,919 303°30 10,250 BRAGS ultra eine all aeteteteseieielts hope ees OS 
1,281,782 581 212,264 865°19 21,082 88,008 INGE iat Sew il aete cians a lrersererenpelviore 
APS 15,823 | 2,145,468 868°45 9,386 24,080 INU cic liceate: sczcel ovo caias| ot anode ess ieletesollieteroias evetiarele 
Fertilizers—Continued. 
Glass and Graphi 
phite. 
2 Phosphates, Crude or Native. Other:| Glassware. 
Year. Fert’z’s 
{| Long | Metric Value per Long | Metric Value per 
Tons. | Tons. oe Met. Ton. ee ae Tons. | Tons. pita Met. Won. 
UNO. ss sv wreieeis 65 66 $1,782; $27°00 $3,482 $15,579 128 130 $7,393 | $56°87 
NO Bites selsis ae 10 10 306 80°12 13,499 13,805 165 168 11,645 69°32 
BQO cA oe eiste cs 723 735 8,718 11°87 4,510 11,179 5 5 » 338 67°60 
TOM NiSiie ce Be 75 76 386 5:07 31,716 14,614 3 By 115 87°72 | 
NOU erases oi siere val 72 1,655 22°99 1,178 16,749 ; Wil. reo are apse nse cecia oreies| eras Gaeta 
Tron and Steel, and Tin Plate. 
K | Pig Iron. Scrap Iron and Steel, fit only to Bar Iron, Rolled or Hammered. 
® | be remanufactured. : 
mH | f Bike d EP ners & z 
Long | Metric | vy Value per} Long | Metric Value pei Metric Value, per 
Tons. | Tons. ple Met. Ton.| Tons. | Tons. velae. Met. Ton. od. Tons. ae Met. ‘fon. 
1897) 114 116 $1,394 $12°00 7 58 $313 $5°40 66,345 30 $1,699 $56°60 
1898} 581 590 7,098 12°03 63 64 270 4°22 48,151 22 1,648 . V4°91 
1899, 597 607 7,908 13°04 195 198 2,671 13°49 85,630 39 8,159 81°42 
1900} 151 153 6,579 43°00 9,07 9,224 {181,241 14°23 |107,984 49 2,447 49°94 
1901 189 191 6,148 82°19 3,331 3,384 61,663 18°22 |149,207 63 7,569 120-14 
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Iron and Steel, and Tin Plate.— Continued. 


Ingots, Blooms, Slabs, Billets and|Shee 
Bars of Steel, ae hag in Forms, 
N.E.S. 


Railway Bars of Iron or Steel, 
or in Part of Steel. 


Value per 


Value per 
*|Met. Ton. 


* |Met. Ton. 


262 266 


142 


$11,921 
3,479 


$44°82 $246°86 
83°24 
350°61 
559°17 
498°58 


2,446,012 
824,733 
377,402 
468,790 
362,077 


1, 


Metric 


Value. 


109 
374 
171 
213 
164 


$68,878 


t, Plate and Taggers, Wire Rod, 
Wire, and Wire Rope and Strand, 
Iron or Steel. 


Value per 
Met. Ton. 


Iron and Steel, and Tin Plate—Concluded. 


Lead and 

Manufac- 

tures of. 
Value. 


Tin Plates, Terne Plates, and 
Taggers Tin. Manufac- 
tures. 


Metric Value. 


Tons. 


Value per 


Value. Met. Ton. 


and Stone 
and 
Manufac- 
tures of. 
Value. 
(k) 


Composi- 

tions and 

Manufac- 
tures. 
Value. 


1,339 
408 
172 
471 
149 


$79,179 
22,271 
11,308 
37,395 
10,383 


$59°21 
54°59 
65°82 
79°39 
69°70 


$165,710 
279,717 
346,795 
828, 704 
149,771 


$2,088,923 
2.599, 734 
2'881.641 
3,843,881 
4,190,525 


$15,156 
5,452 
7.525 
5,721 
17,063 


$32,791 
58,810 
57,050 
79,215 
351428 


Value per 


Gallons. Tater, 


Nil. 

3,219 
150 

4,706 


1,475 


$15,473 | $26,698 
15,854 | 39.974 
12,104 | 491256 
13.814 | 14,189 
17,923 | 82,607 


5,074,995 
4,827,288 
5.216,112 
3,548,724 
3,699,411 


Salt. 


Met. } 
Tons. 


2,302 {$10,189 


2.189 
2366 
1,610 
1,678 


4,751 


9,858 
3,907 
7,155 


Sulphur or Brimstone 


(Crude). Granulated. 


Tin, in Bars, Blocks, Pigs, Grain or 


and 
M'f'res 


Value 


Met. per 
M. Ton. 


Tons. 


Met. 
Tons. 


Long 


Tons. Lb. 


Value. Value. 


Value per 


Met. Ton. 


Value. 


395 
336 
453 
503 
954 


$3.982 
31,822 
10,804 
13,495 

5,086 


$20°20 
22°14 
22°29 
22°53 
24°22 


869,929 
740,326 
999,315 
1,108,124 
2,103,723 


$118,882 
113,334 
265,188 
335,377 
562,350 


$300°97 
337°30 
58502 
66728 
589°46 


(a) From Summary of Commerce and Finance of the United States. 

(c) Ore, so called, consisting chiefly of matte. 

(e) Total exports of coin and bullion; that is, 

Only approximately correct. 

a much larger amount of silver leaves the cou ; i 
record is kept of its silver contents. The gold in copper matte exported is not incl 
gold given in the above table. These fig 

(g) Including nickel oxide and matte. 

(h) Includes chlorate, muriate, and nitrate of potash, and all other salts of potash. 

(H) Reported in bbls. and reduced to gals. at 42 gals. = 1 bbl. 

(k) Including slate. 

(my Calculated at 1 bbl. = 400 lb. 

(n) Not enumerated. ; 

(0) Not reported separately. Included with crude phosphates. 

(p) Not reported separately. Included with antimony. 


Nore.—N. E. §. signifies not eisewhere'specified. 


uded in 


ures include ore of both domestic and foreign origin. 


includes both domestic and foreign not elsewhere specified. 

The Bureau of Statistics reports only the value of silver ores exported, but 
ntry in copper matte which is classified as copper ore and no 
the exports of 


A AV POLI, STONE ie, sie: a ecard ane aoaae ance area ate aleccratnl aise 838 
YA Oech Cote SERN TE wy PERN PO eon eos er terre a 838 
A. Y. & Minnie Mine........ ate oie aie aae eee PUREE OTC Scat coca gate pene cohedyis eda aa tole bere PS 658 
Abengarz Gold Fields, Ltd......... Bone ce 308 Alhambra Silver Mg. Co., Nev...........++++.-- 800 
Aberdeen Copper Co:, Noo Mes. sss css sickens tenes 796 Alice Mg. Goc, rent oie howe ee eee 790; 9 
Pa A Pee ae atone esl are aE Re oh AT 263 8) £71) BB Sec aie ps Nie hr enti re OE Earp et ae atta Rela AS 245 
Abyssinia: Goldie. sae ho a 290, 314 Duited Ming demise eee tse es he 872, 873 
Acacia Me: Cos, <O0losw: ses pe 796, 788, 789 Alkali, Acker electrolytic furnace.............. 248 
GORA re hr ee ee rg tae tee econ a 72 Alkaline Carbonates, Spain......... 0.03.0. 000 0% S66 
Acetylene (see Calcium Carbide). ATOR RRS AOR Cisye id scare gaat ha ta ds me G etubte a one tela 325 
Gooner GOS cose es oer toe ie are 71 Adiene Graphites Coss eis ee oles ccetelncete ayerase 368 

Acetylen Gas: Gesellschaft <2. <: seems acer ee ee 99 Allgemeine Elektro-Metallurgischen Gesell- 
RehewonsDLOCES. eke wee ee ae Sn eee 372 Shalt oo eae sce WA a ea hime tele 253, 259 
ACR Cre Cec AW aicio-s soueiois care ane aha bee Uma eS 248 Alliance Explor. & Mg. Co., Cal..............% 800 
AGKOD DROGESR oie oko Sn ee ae 247, 248 AlMance Gold: Met Cos COlO. ni t.es.cleieis oe Grne oerthe 796 
RGR Or OP TOCRNS COR ea UL ee ae oats 58G Alliance Gold: Mz= Co., Uta 35 3. ee 800 
Acme: Cement Plaster Conss..7 set i oak 375 | Allis-Chalmers Co..................4.. 211, 690, 796 
Acorn Mes Go. Utallic Goce i a eee 800 Allison-Rauch-Ford Gold Mg. Co., Cal........... 800 
Actien-Gesellschaft fuer Zink-Industrie.....614, 781 Ayouez :Me. Cops Mich caters! sieve sae a 3:5 5s 786, 787, 800 
Adame: Cons Mer: Co. aCOlOns aareces sie ene 791, 796 ANOVA AS: NORUMLOTS eis shea eve, alsin pate sect eas cate ie onieeaey 724 
Gas. Wes Elica wee e ectene Aen ne a erate 597 | ° Cooling, Curves. eee eestor eee 733 
GON N sre eae ie oars aa cea eae 250 Crystalline growth in metals............ 725 
Adventure’ Cons. Copper ©0; -4 22.4... 40 786, 787 Effect of strain................ 2s eee ee eee 726 
Adventures OonssoMeo Come itis cc aus ee 181 Hineezing— pomt | CULYCS® sss! cisje walere ee elece'e oss 738 
Aetna Cement. Plaster ©0. son. oc snes os a ee 375 Freezing point of metals.................. 727 

Aetna Cons. Quicksilver Mg. Co..556, 786, 787, 795 Molecular depression of the freezing point 
Retna Mey? COs tas iencsiere’s jocetatscseeee nueosiaes/ or ole es 800 UES RING Tie Ss ies eS A ore wig. oe ee 
Attica: Diamonds a: ¢.. 2% ssc 4 cece oi eee eas 275 Molecular freedom in solids............... 731 
CET O) (/ CagQeee ee Patanininae eon tims eTeCsrP tae eng Hh ge ae 290 Natureot emtocti che sims emeiseciseisiy ots TAZ 
Atohings Gilowannl: sscc.io eo. che eee ee 14 Alpena Co., The...-. 0.0.0. see eect eee seen 81 
ABS YCORENS BVics Oe ICOes oe saat nei ee eee 418 Alpha COmeme sCO a r5:scistsir cinisioielssiosivre shel eioisan sles’ 81 
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Antimony 
Asphaltum 
784, 812,. 813, 
784, 812, 813, 816, 
Graphite i 784, 812, 816, 
Lead 
Magnesite ... ¢ Tungsten 
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Sulphur : Zine white 
Tin " Automatic sampling 
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Austria-Hungary Ltd. 
Aluminum 
Aluminum chloride 
Aluminum sulphate 
Ammoniacal liquor 
Ammonium chloride Backus & Johnson Co 
Ammonium hydrate Baden (see Germany). 
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140, 390, 784, 812, . 315, 81 Barytes 
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Mineral paints 
Nickel , Mexico 
Loh fal | CM: cg (0 Ree iii ere eh urarrce ah pra re ty Russia 
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Orpiment 2 Sweden 
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BiAita Sitesi, sess 579, 784, 812, 3; United Kingdom 
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Slag : Beans, H. T 
Sing wool § Bechi, Guy de 
Slate Beck, J. 
Soda and sodium salts Becker, G. F 
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Earthenware (see Clay). 
Earths (see Clay). 
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East Indies (Dutch), Gold 
Petroleum 
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Europe and America during 1901 
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Electrolytic copper refineries in the United 
States operated in April 1902 
Electrolytic furnace treatment of arsenical py- 
rites 
Electrolytie process, 
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Emeralds 
Emery, 
Germany 
Greece 
Sweden 


Empire 

Empire 

Empire State-Idaho Mg. & Development Co.403, 
Empire Steel & Iron Co 

Empire 

England ((see United Kingdom). 

Engelhardt 

English Hlectro-metallurgical Co 

English Metallurgical Co 

English, Otto B. Plaster Co., N. Y 

English Plaster Wks., N. Y 

Epsom salt, Germany 

Erie Chemical Co 

Erste Oesterreichische Soda Fabrik 

Erwin, 

Hspie Bay Mines Development Syndicate, Ltd.. 
Establishments Industrials (HE. C. Gramont)... 
Ethane 

Etruscan Copper Estates 
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Eureka Portland Cement Co 


Eureka Swansea Ext. Co., 
Europe, Gold 
Silver 
Eutonia Mg. 
Ewing, 701, 
Excelsior Copper Mg. Co 
Excelsior Drift Mg. Co., 
Exchange Mg. Co., 
Excheequer Silver Mg. Co., 
Iixplosives, Canada.. 
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Export Oil & Pipe Line Co 


Fairbanks, N. 
Fairie, J 
Falding, 
Falding furnace 
Fall Creek Mg. Co., Cal 
Fall River Mg. Co., 
Fanny Rawlings Gold Mg. Co., Colo.788, 
790, 
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Farrell Copper Co 
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Faustino Piaggio Petroleum Co 
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Federal Lead Co 
Federal Steel Co 
Fehrmann, 
Feree, 
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Feldspar (see also Clay) 
Austria-Hungary 
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Canada 
Germany 
Norway 
United States 
Ferraris, Erminio 
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Ferris-Haggerty Copper Mg. Co., Wyo..... 
Ferrochrome 
Ferrocyanide assay of copper 
Ferrocyanides 
Ferromangarese, 
Ferromolybdenum, 
Ferrosilicon 
Ferrotitanium 
Ferrous sulphate (see Copperas). 
Fertilizers, Austria-Hungary 
Canada : 


Fickes, 
Findley Mg. Co., 
Finlayson, Thomas A 
Firebrick (see Clay). 
Fire Clay (see also Clay). 
Color 
Drying and burning 
Fusibility and composition 
Gas “retorts. ces R eriiceeDnese senate memore 
Geological distribution 
Glass pots 
Hardness 
Manufacture into refractory materials..,. 
Mining 
Mixing 
Molding 
Occurrence 
Texture 
Uses of refractory clays.............. tare 
Firket, A 3 
Fish Springs Gold Mg. Co., Utah 
Flagstones (see Stone). 
Flat Top Land Association 
Flat Top C. Land Ass’n 
Flint - 


Florence Silver Mg. Co., 
Florence Mg. Co., Utah 
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Sheba Mg. Co., Cal........ssecreerereceec cerns 804 
Sheep Rock Mg. Co., Utah.......s++eseerees 804 
Shelby Iron Co., Ala.......seeeseseseesseesece 799 
Shell Transport & Trading Co...... swiss eOL0,; O20 
Shoebridge Bonanza Mg. Co., NGGCA NN cisre Wieheiecer mete 804 
Shower Cons. Co., Utah.......--eeeeeeeececees 804 
Siler) Dr etl e feresressie ote pe evarsiaias ce siciavasee! 490 
Siberia (see Russia). 
Sicily (see Italy). 
Siemens & ‘Halske..... = ono bidcageiahel ete pale eimiayerns) seer 263 
Siemens-Halske ProceSS ...-++-++9 ve anv ec ceOD) SOL 
Sienna (see Ocher). i 
Cierra Meastra Mg. CO......eeseeeees egivarae os aoe 


Sierra Nevada Mg. Co., Nev......-++- 790, 791, 804 
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Silber & Bleibergwerk ‘‘Friedrichssegen’’...... 781 
Silesia (see also Germany). 

VAIO eds Nicene alee ee oxelbicl slave bc ghsi6 ERR OT SA Psa ace) 660 
Silex “Canada aicwvsuisiesisie cic e severe Set aaa iase os) 
SU Capa ee os eee oe ceecestetisrers S Teaitiaie aiielage ere eoniacene . 580 

Austria-Hungary ......+++. 812, 813, 815, 818, 

GOLMANyY so aicos voc cc cece ccc sie ves es 841, 842 

United Kingdom ....e...esseeee Sie once Ode 

(CEG Fa On eb Rete Br Han Aaortnratetes Soe ecaree seo 
Sicilian Asphalt Co............ aay eae lave ree si 53 
SEN COMM cise 0 bi ovee ere crave RvR SM aeatavesel aber tcioain een sere 570 
Silicon Copper ........ cidinlaeetelale Sreetcicinins tolekaes 225, 256 
Silver (see also Gold). 
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Australasia .291, 805, 806, 808, 809, 810, 811, 897 

VAST S ED Tels: Sere claro ale sitio oveleorivanellovelerecelle eel-pinke.e cueime 291 

Beles 69 aj. cresass shosouei sins ois ....821, 823, 824 

BOUylas ss os Weass coc 8 eielere’e a Sarah Vian ante 291, 310 

PRT UGA eeh Gs cohvgeach iO stole) wile Wiehe hecaun oreeoiehone eepeepenesarars 310 

Gamage. givers ceieetsere aneese 291, 827, 829, 830 

Central America ...... eee es eeeeeceeeees 291 

(Cliny ue ase SHEARS AON EONS TO Sncy 291, 310, 831, 832 

(Bi ci hit Moen er Rune sc Reena umesg antares ecettiene 834 

Colombia 0 cee ee cee ces pec eje tenes 291, 311 

COSta RICH cs eoce score) oicceie eeepc). scecolere ejeiehaue severe 308 

Dutch Bast IndieS ....cesereseesevrercs 291 

Heuador’ ..ccc ences Sia saw ciariatala vole eee eels 291 

POUTO POs: 5 cies siekss acereiopsisvelese Sotsie msessiohe ca a)eie win sitinam 291 

FRANC Ca saris coece cee aie ni vio serereveteiaCaaviane 291, 836, 837 

Germany. .291, 840, 841, 842, 843, 845, 846, 847 

(Siro Need per eae ry SURE IE TIA Fe AEC 291 

Honduras ........ rae bai erbitou sehocouelanacgiaie alepn wlolers 308 

FIUNZary .cecccccccceccvvevncrssrserccsores 291 

PAGO Cee a ks acaen Oe lela e wiecesere ere laip olaieusiobm er rasi 291 

hie Weer aen acc Or Omoe wee. 291, 852, 853, 854 

Japan ..... hoerereraisiereteet eiateteeisis 291, 855, 856, 857 

WM On asters sade Seapine ie Gian caereneenenetees 291, 306, 858 

Nicaragua .... eevee eceeceessserseerreses 309 

INGEWAY. oescis icc sisce eooterarsieioue nets 291, 313, 859, 860 

TERY i) Rane Ee ere SEB OO once Ope here 291, 312 

Portugal ...... sec c cece cere eee teen teenies 861 

Prices, London .......-eceseeeeeeeerseee 293 

Prices New | MOLK asta 36 oes onl oinine nieln 293 

Production, United States..........---++: 291 

Production, World ..........-eeeseeeeees 291 

BRUSSIB YC eicrciacecosceecareie siete 291, 318, 862, 863, 864 

Salvador cc dew ccccrew nie sieleceis'e oe e.oce sie 0's opausie 309 

Vd aera oth sco cneie cove slevexeltls [aloha ie MuntaseverRanpenaress 291 

South America ........eceees cence eereces 291 

Sore br nes iene Batre erro aa cor 291, 866, 867 

Sweden vcccsiniece elassrees bisg eters 291, 868, 869, 870 

TULKSY, o> sis sicie. nace lees: w0 on wleran tueserere gene! eevee 291 

United Kingdom .............-.... 291, 872, 873 

United States ........0-ee0e> 8, 291, 877, 880 

World’s production chart....cssseseseeeee 293 
Silver Bell Mg. Co., Mont...c.sseseeeeeesvees 804 
Silver Bow Mg. Co., Utab,..:....ssseeeeeeeee 804 
Silver City Turquoise Co........ it ao etalon tsenete 280 
Silver Cloud Mg. Co., Utah.............. pores OOs 
Silver Hill Mg. Co., N@vV....seeeeeeeeeeneceace 804 
Silver King Mg. Co., Ariz..... Moe g aistevatalarene sc 804 
Silver King Mg. Co., Utah......seeee- wieiore . tap 
Silver Park Mg. Co., Utah......ssseecseseeees 804 
Silver Queen Mg. Co., Utah......-+++++--+ .... 804 
Silver Shield Mg. Co., Utah........-.++++ iB creleia OD 
Silver State Mg. Co., Utah......-.seeeeeeeeee 804 
Simmer & Jack Prop. Co., Transvaal...... 794, 795 
Singkep, Tin .....-..scseeseeessereeecessecees 638 
Siskiyou Cons. Co., Cal.........+- Sia eile helenae 804 
Six Points Gold Mg. Co., Colo......-.++s+++: . 199 
Skagit Cumb. Co., Wash......-sseeererereercce 804 
Skylark Mg. Co., Utah....++..+-- Vea elntoleces eae 804 
Slag, Austria-Hungary ......-- Rit a uimignerece aeasteaetrs 818 
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Vita Wactaaccrsie ata eierere steiner ORR Ls OC Nate 

Busia os eaisewviv v's vleierece v a'ele oe siecsie e016 enews 864 

United Kingdom.........+.+eeeeerees Be araeree 871 
Slag Cement (see also Cement). 

Composition .....+.+++eeeeee PRPs orar ei DD 85 

Dryer at Vitry ......---++:- Cee eheeane oa 2 OO 

Industry in the United States............. 84 

Manufacture ......eeeeee aha oielerors etaveheierees . 88 

Markets .....ccceceeesecece a ocicieiee coiaeete® 95 

PlantS ...-cccerccccocesvseccccevescereces 94 

Properties ..,.----+eereeeerreere Be che oe 87, 93 

Ruggles-Coles AVV.OR oc ai etiveet ois ceee we cree 90 
Slag Wool, Austria-Hungary......---- Vere oop SLO, OLS 

Germany osc. Ss oce esse ciceceddebewweis G48) Sea 
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Slama, Dr. 652 
Slate 853 
810 


Market 

Mexico 

New Caledonia 
Newfoundland 


Sweden 
Untited Kingdom 585, 871, 873, 
United States 2, 583, 592, 
Slimes treatment from the electrolytic refining 
of copper 
Sloss-Sheffield Iron & Steel Co., 
Small Hopes Mg. Co., Colo 
Smelting (see under various metals). 
Smelting Co., of Australia 
Smelting Corporation 
Smith 
Smith, 
Smith, 
Smith, 
Smith, 
Smith, 


Snodgrass, 

Snoqualmie Falls Power 
Snow Flake Mg. Co., Utah 
Snow Steam Pump Wks 
Snyder, 


Germany ; 
HS O21 bE PO ea ea a Teor Siete aiabeae 866, 
es States 2 
Societa 
Societa Hlactro-Matallaigice Lombarda 
Societa Electrical Metallurgica Lombarda 
Societe Anonyme pour l’Industrie de l’Aluminum 
Societe Anonyme of Brussels 
Societe Anonyme pour la Senilisation des Bois. . 
Societe d’Electrochimie 
Societe des Carbures Metalliques 
Societe des Mines des Bong Miu 
Seciete des Mines de Vaulry et Cieux 
Societe des Naraux Publiques et Communaux, La. 
Societe Electro-Chemique de la Romanche 
Societe Electro-Metallurgique Francaise 
Societe Generale des Aciers Fins 
Soclete: Tew Nickele 2s ss cun) ciniaceuc bee 458, 
Societe l’Oxyhydrique 
Societe Miniere Caledonienne 
Soda and Sodium Salts 
Australasia 


, 870 

United States 8, 586, 784, 879, 882, 883 

Soda Ash (see also Soda and Sodium Salts). ae 588 

Sodium .. 265, 589 
Sodium Bicarbonate (see also Soda and Sodium Salts). 
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Sodium Bi-sulphate (see Soda and Sodium 
Sodium 
Salts). 
Natural 
Sweden 
United States 
Sodium Chlorate (see also Soda 
Salts) 
Sodium Chloride (see Salt). 
Sodium Hydrate (see also Soda 
Salts). 
Sweden 
Sedium Hypochlorite 
Sodium Nitrate (see also Soda 
Salts) 
Austria-Hungary 
Canada 


Salts). 
Carbonate (see also Soda and Sodium 


France 
Germany 
Italy 
Japan 
Mexico 
Russia 
Spain 
Sweden 
United Kingdom 
United States 
Sodium Peroxide 
Sodium Salts (see Seda and Sodium Salts). 
Canada 
Sodium sulpkate (see also Sodium and sodium 
salts). 
Germany 
Russia 
Sweden 


Soldiers Hill Diamend & Tin Mg. Co 

Solvay Process Co 143, 159, 577, 
Sonora Quartz Mg. Co., Mex 

Soudan, Gold 


South American Co 

South Australia (see also .Australasia). 
Manganese 
Phosphate Rock 
Tin 

Seuth Bingham Mg. Co., Utah 

South Carolina Clay. ......... 0c cece es 105, 106, 
Gold 
Granite 
Phosphate Rock 

South Dakota, Cement 


South Eureka Mg. Co., Cal 
South Fork Cons. Mg. Co., 
South Jersey Gas, Electric & Traction Co 
South Paloma Mg. Co., Cal 
South Sliger Mg. Co., Cal 
South Swansea Mg. Co., 
Southern Bauxite Mg. & Milling Co 
Southern Boy Gold Mg. Co., 
Southern California Oil & Fuel Co 
Southern Cement Co 
Southern: States; Golde: cee sch atews tae aes erste 
Southern Refining Co 
Spain, Ammonium sulphate 

Alkaline carbonates 

Alum 

Aluminum 

Aluminum ‘earths 

Antimony 

Arsenic 

Arsenic sulphide 

Arsenious acid 

Asphaltum 

Asbestos ... 
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Silveriin:. SAA Seis ee cae Seung Mapai 291, 866, 867 
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PEL eG siasgos nce esolaishoveyatatede trol ehene cies wcesapatennels 784 
Sodinms nitrate seco ea dls seesaw e Oebekers 784 
SOA PRUOT Ces arenes satan rretecsr ku ee ee eS 866, S867 
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PSC ES eae ace irene 390, 784, 865, 866, 867 
Sulphur: cic heniers seebsrs 593, 594, 784, 866, 867 
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Zine white ...... Reais tenpes Sieennenecsiane aie arenas 784 

Spanish Bar Mg. Co., Cal.i.....csceceeeevecee 804 

Spang; Chalfant & Con... .. 2c. c eee ee ce cen 467 

Spearfish Gold Mg. & Milling Co.......... 339, 343 

Specimen Gold Mg. Co., Utah......... PetCo wees . 799 

Speiss (see Nickel). 

Spelter (see also Zinc). 
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Standard Manganese & Mg. Co.......-.-veeeeus 444 
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Stassfurt Salts (see Potash and Potassium 

Selts and Soda and Sodium Salts). _ 
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Steel (see also Iron). 
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CEU VA ee eae Omni rar ns io GOs TG hoo Dt 784, 832 
Gra isa ss co ter aloaseassiiee waecvisie ioyeraustenace Geieker« aasyeoras 784, 834 
IHW BINOO ie ay oh 0) ass sso isr bs coletiete 390, 391, 784, 836, 837 
Germany........+.. Bee user ate 890, 391, 784, 842 
UTNE Daris. «) civiev'e-a'eve'6,0ie 0:8 0.pisie.w vie sinusicie sislecel, sreieahen-t 850 
TERRVssswcicrntclcisetele sare SiaRinpy oes £90, 391, 784, 854 
SRADP MATE Bo Putas or wlai sl ocoveiatele totsece ain sles ahaeebeohanirarens 784, 856 
WRONT OO 6, Sale crite: ic vials olavvisiele g oibielovenpreneiteney eget « 784 
NOrwWay ..-cvecces pre bcdalcolureceve ecatecelimitgetate 5 860 


INDEX. 915 
DECK SSG ooo cc e050 tet. 38h blaracei de eleisierstaeine « 784, 864 
SVAN kaa. sdieeee 390, 391, 784, 865, 866, 867 
BRCOER AS ARE rane 784, 868, 869, 870 
United- Kingdom............ 390, 872, 873, 874 

United States.......... 382, 390, 784, 877, 
880, 881, 883, 884 

Steel Portland Cement (see Cement). 
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Preface, 


HE advertising pages of the annual volumes of this work will well 
repay the careful perusal and study of every reader who wishes 
to be well informed upon the present condition of the mineral 

industry. They give an admirable and practical insight into the present 
state of the mining and metallurgic arts, for in them nearly every 
manufacturer or dealer of note in this country advertises the machines, 
appliances, and processes which are now in vogue, or which itis sought 
to introduce; while the names and specialties of the most eminent 
- members of the engineering professions, as indicated in their cards, 
show the direction of modern mining and metallurgical progress. 

These advertising pages are no less important to those who desire a 
clear knowledge of the means by which this country has come to be far 
the most important producer of minerals and metals than to those who 
wish to know where to get that full and reliable information concerning 
the values of properties, machinery, processes, and products which 
should precede the investment of capital. : 

Every country in the world is wisely striving to develop its mineral 
resources, and to build up its mineral industry, and in all of them this 
volume, which gives the latest and best practice in every department 
of the industry, has become indispensable. It is constantly consulted 
for the best technical skill and the most advantageous machinery and 
appliances in use. All enterprising manufacturers of such wares appre- 
ciate this fact, and know that in no other way can they so effectively 
bring their goods before those who may need them as through the 
advertising pages of THz Minerau Inpustry. These pages have 
become a veritable directory of the best in everything relating to the 
industry, and American, German and English manufacturers there 
compete for the orders of the whole world. $1,000,000,000 a year is 
certainly not an overestimate of the annual expenditure for tech- 
nical skill, machinery and supplies used in the industry of which THE 
MINERAL INDUSTRY and The Engineering and Mining Journal are not 

only the chief but the only universal representatives published in any 


language. 
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> A BIT OF BOOK TAIK 


ae 


aS IUR New General Catalogue, 
| which can be had free for the 


asking, will render you ma- 

terial assistance in the forma- 

tion of an industrial and mis- 

cellaneous library, as it in- 

corporates only the very best 

books in every department of 
science and industry. We can _ keep 
you in touch with the times on books 
of all kinds and conditions. Should 
you desire any information or advice, 
or if you are in doubt as to the cor- 
rect treatise to aid and advance you in 
your special study, we will be pleased 
to help you. When you have a spare 
moment write to 


The Engineering and Mining Journal 
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261 Broadway, NEW YORK (CITY 
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AIR AND GAS ,COMPRESSORS. 
Allis-Chalmers Co. 
Krupp, Fried., Grusonwerk. 
Rand Drill Co. 
(See Machinery—Ventilating Machinery. ) 


AIR LIFT PUMPS. 
Allis-Chalmers Co. 
Rand Drill Co. 
ALUMINUM. 
(See Metals. ) 
AMALGAMATORS. 
Allis-Chalmers Co. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery. ) 
ANTI-FRICTION METALS, 
ANTIMONY. 


(See Metals. ) 
ARTISTS’ MATERIALS. 
Devoe, F. W., & C. T. Raynolds Co. 
Keuffel & Esser Co. 
ARTESIAN WELLS. 
(See Machinery.) 
ASSAYERS. 
Ricketts & Banks. 
(See Chemists. ) 
ASSAYERS’ AND CHEMISTS’ SUPPLIES. 
Baker & Co. 
ASSAY FURNACES. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Krupp, Fried., Grusonwerk. 
BABBITT METAL. 


(See Metals.) 
BALLAST UNLOADERS. 


Lidgerwood Mfg. Co. 
BARYTES. 
(See Paints. ) 
BATTERIES (STAMP). 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery. ) 
BATTERY PLATES, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
’ Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
Matthiessen & Hegeler Zinc Oo. 
(See Amalgamators. ) 
BATTERY SCREENS. 
(See Perforated Mare cree) 
BATTERY ZINCS. 
Matthiessen & Hegeler Zine Co. 
BELT CONVEYORS. 
Jeffrey Mfg. Co. 
Link Belt Machinery Co. 
BELTING (LINK BELTS, CHAIN BELTS). 
Allis-Chalmers Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Link Belt Machinery Co. 
BLAST FURNACES, 
(See Furnaces. ) 
BLASTING SUPPLIES. 
JAllis-Chalmers Co. 


Fraser & Chalmers, Ltd. 
BLOWERS AND EXHAUSTERS, 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 


Krupp, Fried., Grusonwerk. 
(See Fans, Machinery, Ventilators.) 
BOILERS, 


Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Krupp, Fried., Grusonwerk. 
Lidgerwood Mfg. Co. 
(See gunn) 
OOKS, 


(See Pubiuations, ) 
BOOTS, 
Jeffrey Mfg. Co. - 
’ BRICK MACHINERY. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
BRIQUETTING MACHINERY. 
Chisholm, Boyd & White Co. 
BRUSHES, PAINT. 
Devoe, F. W., & C. T. Raynolds. Co. 
BUCKETS (ORE AND WATER). 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co.” 
Jeffrey Mfg. Co. 
Link Belt Machinery Co. 
CABLE CONVEYORS, CABLEWAYS, CABLE TRAM- 
WA Ys, ROPEWAYS., 
Allis-Chalmers Go. 
Fraser & Chalmers, Ltd. 
Hallidie Rope Co. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Leschen & Sons Rope Co. 
Lidgerwood Mfg. Co. 
Macomber & Whyte Rope Co. 
CABLES. 


Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Hallidie Rope Co. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Leschen & Sons’ Rope Co. 
Macomber & Whyte Rope Co. 
CAGES AND SKIPS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Lambert Hoisting Engine Co. 
(See Machinery.) 
CAMS. 


Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery o. 
Krupp, Fried., Grusonwerk. 
See Machinery.) 
CARS. 


Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 


Holthoff Machinery Co 

Jeffrey Mfg. Co. 

Krupp, Fried., Grusonwerk. 

\ (See Machinery.) 
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CAR UNLOADERS, 

Lidgerwood Mfg: Co. 

CAR WHEELS. 

(See Cars.) 

CASTINGS. 

Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 


See Machinery—Metals, Iron, Steel and 


Brass. ) 
CHAIN BELTING. 
Jeffrey Mfg. Co. 
Link Belt Machinery Co. 
(See Belting. ) 
CHAINS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
CHEMICAL WORKS MACHINERY. 
(See Machinery.) 
CHEMISTS. 
Pitkin, Lucius. 
Ricketts & Banks. 
(See Assayers. ) 
CHEMISTS’ APPARATUS AND SUPPLIES. 


Baker & Co. 
CHLORINATION PLANTS. 
Allis-Chalmers Go. 
Fraser & Chalmers, *Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery. ) 
CHROME STEEL. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Krupp, Fried., Grusonwerk. 
(See Metals. ) 
CLASSIFIERS (HYDRAULIC). 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Krupp, Fried., Grusonwerk. 
CLAY-WORKING MACHINERY. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Krupp, Fried., Grusonwerk. 
COAL. 
Castner, Curran & Bullitt. 
COAL-HANDLING MACHINERY. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusenwerk. 
Leschen & Sons’ Rope Co. 
Lidgerwood Mfg. Co. 
Link Belt Machinery Co. 
Macomber & Whyte Rope Co. 
(See Machinery. ) 
COAL-MINING MACHINERY. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Lambert Hoisting Engine Co. 
Lesehen & Sons Rope Co. 
Rand Drill Co. 
(See Machinery. ) 
COAL-WASHING MACHINERY, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Jeffrey Mfg. Co. 


Krupp, Fried., Grusonwerk. 
Link Belt Machinery Co. 
(See Machinery. ) 
COKE OVENS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Krupp, Fried., Grusonwerk. 
See Machinery.) 
COKE WORKS EQUIPMENTS, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Krupp, Fried., Grusonwerk. 
See Machinery.) 
COMPRESSORS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
Rand Drill Co. 
(See Machinery. ) 
CONCENTRATORS, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery. ) 
CONDENSERS, 
(See Machinery. ) 
CONTRACTORS’ SUPPLIES. 
Allis-Chalmers Co. 
Colorado Iron Works. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Leschen & Sons Rope Co. 
Macomber & Whyte Rope Co. 
Rand Drill Co. 
CONVERTERS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery. ) 
CONVEYING BELTS, 
Jeffrey Mfg. Co. 
Link Belt Machinery Co. 


(See Elevating and Conveying Machinery. ) 


CONVEYING MACHINERY. 


(See Elevating and Conveying Machinery.) 


COPPER, 
(See Metals. ) 
COPPER BOTTOMS, 
(See Metals. ) 
COPPER DEALERS AND PRODUCERS. 
(See Metals, Copper.) 
CRANES. 


(See Elevating and Conveying Machinery.) 


CRUSHER PLANTS. 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
Link Belt Machinery Co. 
(See Machinery. ) 
CRUSHER ROLLS, 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery. } 
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“CRUSHERS, 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery. ) 
CYANIDE MILLS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery. ) 
CYANIDE TANKS. 
Allis-Chalmers Co. 


Holthoff Machinery Co. 
AMOND DRILLS. 


Allis-Chalmers C6. 
Fraser & Chalmers, Ltd. 
(See Drills.) 
DISINTEGRATORS. 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Go. 
Krupp, Fried., Grusonwerk. 
See Pulverizers.) 
DRAWING MATERIALS. 
Devoe, F. W., & C. T. Raynolds Co. 
Keuffel & Esser Co. 
(See Mathematical Instruments.) 
DREDGING MACHINERY. 
Allis-Chalmers Co 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Link Belt Machinery Co. 
See Machinery.) 
DRILLS, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Rand Drill Co. 
(See Machinery.) 
DRILL STEEL. 
(See Metals—Mine Supplies. ) 


DRYING AND CALCINING MACHINERY. 


Allis-Chalmers Co. 
Colorado Iron Works. ? 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Ruggles-Coles ‘Engineering Co. 
(See Machinery. ) 
DUMPING CARS. 
(See Cars.) 
DYNAMITE, 
(See Explosives.) 
DYNAMOS, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
(See Machinery. ) 


ELECTRIC COAL MINING MACHINERY. 


Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grunsonwerk. 
(See Coal Mining Machinery. ) 


ELECTRIC MACHINERY AND SUPPLIES. 
(See Machinery. ) 
ELEVATING AND CONVEYING MACHINERY. 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 
Hallidie Rope Co. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grunsonwerk. 
Lambert Hoisting Engine Co. 
Leschen & Sons Rope Co 
Lidgerwood Mfg. Co. 
Link Belt Machinery Co. 
Macomber & Whyte Rope Co. 
ENGINEERING INSTRUMENTS. 
Devoe, F. W., & C. T. Raynolds Co. 
IKeuffel & Esser. 
ENGINES. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Lidgerwood Mfg. Co. 
Rand Drill Co. 
(See Machinery.) 
ETCHING PLATES. 
Matthiessen & Hegeler Zine Co. 
EXCAVATING MACHINERY, 
(See Steam Shovels—Machinery. } 
EXPLOSIVES. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
FANS, 
(See Machinery and Ventilating Machinery. ) 
FEEDERS, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
(See Ore Feeders—Quicksilver Feeders— 
Machinery. ) 
FERRO-NICKEL. 
Orford Copper Co. 
(See Metals. ) 
FILTER PRESS. 
Johnson, J., & Co: 
Holthoff Machinery Co. 
FORGINGS, 
(See Metals—Iron and Steel.) 
FURNACES. 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Lid. 
Holthoff Machinery Co. 
Krupp, Fried., Crusonwerk. 
Nichols Chemical Co. 
Ruggles-Coles Engineering Co. 
(See Assay Furnaces and Machinery. ) 
FUSE, 
(See Explosives and Mill, — Supplies. } 
GAS PRODUCER 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
GAUGE RECORDING, 
(See Machinery.) 
GEARING. 
(See. Machinery. ) 
GOLD. 
(See Metals.) 
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HAULING MACHINERY. 
(See Machinery.) 
HARDWARE MISCELLANEOUS. 
& Chalmers, Ltd. 
Co. 


Fraser 
Holthoff Machinery 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
HOISTING MACHINERY. 
Allis-Chalmers Co. 
_ Colorado Iron Works. 
Fraser & Chalmers, Ltd. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Lambert Hoisting Engine Co. 
Lidgerwood Mfg. Co. 
Macomber & W hyte Rope Co. 
Rand Drill Co. 
(See Machinery. ) 
HYDRAULIC MACHINERY. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
(See Machinery.) 
INSULATED WIRES AND CABLES. 
(See Wire and Wire Cables—Electrical Sup- 
plies. ) 
IRON. 
(See Metals.) 
JIGS. 


Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Concentrators. ) 
LAMPS, MINERS’, SAFETY, ETC. 
Allis-Chalmers Co. 
Fraser & Chaimers, Ltd. 
LEAD. 
(See Metals.) 
EAD LINING (CHEMICAL AND CHLORINATING) 
(See Mill, ete., Supplies. ) 
LINK BELTS. 
Allis-Chalmers Co. 
Vraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Link Belt AE hinaiy Co. 
(See Belting—Machinery. ) 
LITHARGE, 

(See Assay Furnaces—Apparatus and Sup- 
plies—Chemicals. ) 
LITHOGRAPHERS’ PLATES. 

Matthiessen & Hegeler Zine Co. 
LOCOMOTIVES. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Jeffrey Mfg. Co. 
(See Cars and Machinery.) 
LUBRICANTS. 
(See Mill, etc., Supplies.) 
LUBRICATING OILS. 
(See Oils.) 

LUBRICATORS, OILERS AND GREASE CUPS. 
(See Mill, ete., Supplies.) 
MACHINERY. 

(Makers and Dealers in Mining, Smelting, 
and other Machinery and Supplies.) 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 

tlallidie Rope Co 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Johnson, J., & Co 


, Krupp, Fried., Grusonwerk. 
| Leschen & Sons Rope Co. 
Lidgerwood Mfg. Co. 

Link Belt Machinery Co. . 
Macomber & Yhyte Rope Co. 
Nichols Chemical Co. 

Rand Drill Co. 


MACHINE TOOLS AND SUPPLIES. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 


MACHINISTS, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
MATHEMATICAL INSTRUMENTS. 
Devoe, F. W., & C. T Raynolds Co. 
Keuffel & Esser Co. 
(See Drawing Materials. ) 
Link Belt Machinery Co. 
MATTE. 
American Smelting & Refining Co. 
Balbach Smelting & Refining Co. 
Orford Copper Co. 
Ricketts & Banks. 
United Metals Selling Co. 
Vogelstein L. (Aron Hirsch & Sohn). 
(See Metals—Ores. ) 
METAL BROKERS AND DEALERS. 
(See Metals. ) 
METALLURGICAL WORKS AND ORE PURCH- 
ASERS. 
American Smelting and Refining Co. 
Balbach Smelting and Refining Co. 
Matthiessen & Hegeler Zinc Co. 
Orford Copper Co. 
Pacific Coast Smelting & Refining Works. 
Ricketts & Banks. 
Shriver, T., & Co. 
United Metals Selling Co. 


METALLURGISTS. 
Ricketts & “Banks. 
(See Professional Directory. ) 


METALS. 
Bearing Metals. 
Allis-Chalmers Co. 


Copper. 
American Smelting & Refining Co. 
Arizona Copper Co. 
Atlantic Mining Co. 
Balbach Smelting & Refining Co. 
Baltic Mining Co. 
Copper Queen Cons. Mining Co. 
Detroit Copper Mining Co. of Arizona. 
Montana Ore Purchasing Co. 
Nichols Chemical Co. 
Orford Copper Co. 
Phelps, Dodge & Co. 
Stanton,. John. 
United Globe Mines. 
United Metals Selling Co. 
Vogelstein L (Aron Hirsch & Sohn). 
Wolverine Copper Minne Co. 


American Smelting & Refining Co. 
Balbach Smelting & Refining Co. 
Montana Ore Purchasing Co. 

Iron (See Iron Ore). 
Krupp, Fried.. Grusonwerk. 
Shriver, T., & Co. 
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Lead. 
American Smelting & Refining Co. 
Balbach Smelting & Refining Co. 
United Metals Selling Co. 


Nickel. 
Orford Copper Co. | 
Platinum. 
Baker & Co. : 
Silver. 


American Smelting & Refining Co. 
Balbach Smelting & Refining Co. 
Montana Ore Purchasing Co. 
Orford Copper Co. 
Spelter (See Zinc). 

United Metals Selling Co. 

Steel. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 


Tin. 
United Metals Selling Co. 
Zine. 
Matthiessen & Hegeler Zinc Co. 
United Metals Selling Co. 
MILL, FACTORY, SMELTER & MINE SUPPLIES. 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Lidgerwood Mfg. Co. 
Macomber & Whyte Rope Co 
Rand Drill Co. 


MILLS. 
(See Stamp Mills—Machinery. ) 
MILLSTONES. 
(See Mill, Factory, Smelter and Mine Sup- 
plies. ) 


MINE CARS AND CAR WHEELS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Lidgerwood Mfg. Co. 
(See Cars.) 
MINE SUPPLIES. 
(See Mill, ete., Supplies.) 
MINE HARNESS. 
(See Mill, etc., Supplies. ) 
MINERS’ LAMPS. 
(See Lamps.) 


MINING COMPANIES. 
Atlantic Mining Co. 
Baltic Mining Co. 
Copper King, Ltd. 
Copper Queen Cons. Mining Co. 
Detroit Copper Mining Co. of Arizona. 
Montana Ore Purchasing Co. 
Sultana Mining Co. 
United Globe Mines. 
Wolverine Copper Mining Co. 


MINING MACHINERY, GENERAL, 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Lta. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Lambert Hoisting Engine Co. 
Lidgerwood Mfg. Co. 
Link Belt Machinery Co. 


Macomber & Whyte Rope Co. 
Rand Drill Co. 
MOTORS. 

(See Machinery. ) 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 


NAILS. 
(See Mill, etc., Supplies.) 
NICKEL. 
(See Metals.) 
NICKEL OXIDE. 
Orford Copper Co. 
NITRATE OF SODA. 
Myers, William S. 
OILS AND GREASE, ILLUMINATING AND LU: 
BRICATING. 
(See Mill, etc., Supplies.) 
ORE BREAKERS, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff’ Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Breakers—Crushers—Machinery. ) 
ORE BUYERS. 
American Smelting & Refining Co. 
Balbach Smelting & Refining Co. 
Montana Ore Purchasing Co. 
Nichols Chemical Co. 
Orford Copper Co. 
Pacific Coast Smelting Works. 
Ricketts & Banks. 
United Metals Selling Co. 
Vogelstein L (Anton Hirsch & Sohn). 
(See Sampling Works and Smelters.) 
ORE CARS. 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
See Cars and Machinery. ) 
ORE CONCENTRATORS, 
(See Concentrators—Machinery. ) 


ORE-DRESSING MACHINERY, 
(See Concentrators. ) 
ORE FEEDERS. 
Allis-Chalmers Co. 
Fraser & Chalmers Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
(See Feeders and Machinery.) 
ORE-HANDLING MACHINERY. 
(See Machinery.) 
ORE ROASTERS. 
(See Furnaces—Roasting Furnaces. ) 
ORE SAMPLERS. 
(See Machinery—Sampling Machinery. ) 
ORE-TESTING WORKS. 
Ricketts & Banks. 
(See Sampling and Testing Works) 
ORE WASHERS. 
(See Machinery. ) 
OXIDES. 
Orford Copper Co. 
(See Copper Oxide—Lead Oxide.) 
PACKINGS. 
(See ‘Rubber Goods—Mechanical, Mill and 
Mine Supplies—Machinery. ) 
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PAINTS. 
Devoe, F. W., & C. T. Raynolds Co. 
PERIODICALS. 
(See Publications. ) 
PERFORATED METALS, 
Allis-Chalmers Co 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery—WNScreens. ) 


PICKS. 
(See Mill, ete., Supplies. ) 
PILE DRIVERS. 
Lidgerwood Mfg. Co. 
(See Machinery.) 
PIPE. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Tubes. ) 
“PIPE MACHINERY. 
(See Machinery.) 
PLACER MACHINERY, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
(See Machinery.) 
PLATINUM. 
(See Metals.) 


PLATINUM APPARATUS. 
Baker & Co. 


POWER TRANSMISSION MACHINERY. 
(See Machinery.) 
PRESSURE GAUGES. 
(See Machinery.) 
PROCESSES. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery.) 
PROSPECTING DRILLS. 
(See Drills.) 
PUBLICATIONS, 
Copper Handbook for 1903. 
Cyanide Process, Practical Notes on. 
Engineering and Mining Journal. 
Gold Mines of the- World. ; 3 
Journal of the Asosciation of Engineering 
Societies. 
Lead and Copper Smelting and Copper Con- 
verting.. 
Matte Smelting. 
Metallurgy of Lead. 
Metallurgy of Steel. 
Mineral Industry (Annual); An Encyclo- 
paedia of Mining and Metallurgy. 
Vol. I. |. From Earliest Times to the End 
Supplementing Vol. I, 1893. 
oh Vols. I-II, 1894. 
Vols. I-III, 1895. 
Vols. 
Vols. 
Vols. 
Vols. 
: Vols. 
Vol. X. : Vols. I-IX, 
Mining and Gneral Telegraphic Code. 
Modern Copper Snielting : 
New Basis for Chemistry. 


1901. 
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Ore Deposits of the United States and 
Canada. 
Prospecting, Locating and Valuing Mines. 
Qualitative Blowpipe Analysis, A Manual of. 
Quantitative Analysis, An Outline of. 
Report Book for Mining Engineers. 
Stamp Milling of Gold Ores. 
Storage Batteries in Mills and Factories. 
Terminal Index. 
Traverse Tables. 
PUBLISHER. 
Engineering and Mining Journal (Inc.) 
PULSOMETERS. 
(See Pumps—Machinery. ) 
PULVERIZERS, 
(See Crushers—Machinery. ) 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 


Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery.) 
PUMPS. 


Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Leschen & Sons Rope. Co 
Lidgerwood Mfg. Co. 
Pulsometer Steam Pump Co. 
Rand Drill Co. 
(See Machinery. ) 
QUARRYING MACHINERY, 
Allis-Chalmers Co. 
Colorado Iron, Works. 
Fraser & Chalmers, Ltd. 
Holtheff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery.) 
QUARTZ MILLS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Krupp, Fried., Grusonwerk. 
Holthoff Machinery Co. 
QUICKSILVER FEEDERS, FURNACES, ETC. 
(See Machinery. ) 
LS, 
(See Metals—Iron and Steel.) 
RAILWAYS. 
(See Tramways. ) 
RAILWAY EQUIPMENT AND SUPPLIES. 
Allis-Chalmers Co. : 
Fraser & Chalmers, Ltd. 
Holthoff Machinery GCo.. 
Krupp, Fried., Grusonwerk. 
Leschen & Sons Rope Co. 
REFINERIES. 
American Smelting & Refining Co. 
Balbach Smelting & Refining Co. 
Nichols Chemical Co. 
Pacific Coast Smelting and Refining Works.. 
Ricketts & Banks. 
(See Smelters. ) 
REGULATORS, DAMPERS, ETC. 
(See Mill, etc., Supplies. ) 
RETORTS. .. 
(See Assay Supplies, Mill Supplies. } 
ROASTING FURNACES. 
Allis-Chalmers Co. 
Colorado Iron Works. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwrek. 
Nichols Chemicai Co. 
(See Furnaces.) 


@ 
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ROCK BREAKERS. 


(See Breakers—Crushers—Ore Breakers— 


Machinery. ) 
ROCK DRILLS, 
(See Drills—Machinery. ) 


ROOFING. 
(See Mill, etc., Supplies.) 
RUBBER GOODS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Jeffrey Mfg. Co. 
SAFETY LAMPS. 
(See Lemps.} 
SAMPLINGS AND TESTING WORKS. 
Ricketts & Banks. 
United Metals Selling Co. 
SAMPLING MACHINERY. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery. ) 
me SAW MILL MACHINERY. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Lidgerwood Mfg. Co. 
(See Machinery.) 
SCREENS, 
Allis-Chalmers Co. 
Iraser & Chalmers, Ltd. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
(See Perforated Metals.) 
SECTIONAL TRACK. 
(See Machinery. ) 
SHAFTING AND PULLEYS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Lidgerwood Mfg. Co. . 
(See Machinery.) 
SHEET COPPER. 
(See Metals.) 
SHEET LEAD. 
(See Metals.) 
SHOES AND DIES, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Mill Supplies—Machinery. ) 
SHOVELS, HAND. 
(See Mill, etc., Supplies.) 
SHOVELS, STEAM. 
(See Steam Shovels.) 
‘SILVER, 
(See Metals.) 
SKIPS, 
(See Cages and Skips—Machinery. ) 


SMELTING FURNACES. 
(See Furnaces. ) 


SMELTING WORKS. 


American Smelting & Refining Co. 
Baker & Co. 
Balbach Smelting & Refining Co. 
Matthiessen & Hegeler Zinc Co. 
Montana Ore Purchasing Co. 
Nichols Chemical Co. 
Orford Copper Co. 
Pacific Coast Smelting and Refining Works. 
Ricketts & Banks. 
United Metals Selling Co. 

See Refineries. ) 


SORTING BELTS, 


Jeffrey Mfg. Co. 
Link Belt Machinery Co. 


SPELTER, 
(See Metals.) \ 


SPIEGELEISEN, 
(See Metals.) 
SPROCKET WHEELS, 


Jeffrey Mfg. Co. 
(See Machinery.) 


STAMP MILL MACHINERY. 


Allis-Chalmers Co. 

Fraser & Chalmers, Ltd. 

Holthoff Machinery Co. ' 

Krupa, Fried., Grusonwerk. 
(See Machinery.) i 


STEAM SEPARATORS. 
(See Machinery.) 
STEAM SHOVELS. 

See Dredges—Machinery.) 
STEEL, 
(See Metals.) 
STEEL CAMS. 


Allis-Chalmers Co. 

Fraser & Chalmers, Ltd. 

Holthoff Machinery Co. 

Krupp, Fried., Grusonwerk. 
(See Machinery. ) 


STOVE BLANKS (ZINC). 
Matthiessen & Hegeler Zine Co. 
STRUCTURAL IRON STEEL. 
(See Corrugated Iron and Steel.) 
SULPHURIC ACID. 


Matthiessen & Hegeler Zinc Co. 
(See Chemicals. ) 


TANKS. 
(See Mill, ete., Supplies.) 


TAPPETS. 
(See Stamp Mills 


Machinery. ) 


TESTING WORKS. 
(See Sampling and Testing Works.) 
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TIN, 
(See Metals.) 
TIPPLES. 
(See Machinery. ) 
TOOL STEEL, 
(See Metals—Steel. ) 
TRAMWAYS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Hallidie Rope Co. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
Krupp, Fried., Grusonwerk. 
Leschen & Sons Rope Co. 
Lidgerwood Mfg. Co. 


Macomber & Whyte Rope Co. 
(See Cableways—Machinery. ) 


TURBINES AND WATER WHEELS. 
(See Machinery.) 
VALVES. 

(See Machinery.) 
VALVES, RUBBER. 

(See Rubber Goods.) 
VANNERS. 

(See Concentrators—Machinery. ) 


VARNISHES, 
Devoe, F. W., & C. T. Raynolds Co. 


VENTILATORS, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
See Blowers—F ans. ) 


WASHBOARD BLANKS (ZINC). 
Matthiessen & Hegeler Zinc Co. 


WATER WHEELS AND TURBINES. 


Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Krupp, Fried., Grusonwerk. 
(See Machinery. ) 
WELL DRILLING MACHINERY, 
(See Machinery. ) 
WHEELBARROWS, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Jeffrey Mfg. Co. 
(See Mine Supplies. ) 


WHEELS, CAR. 
(See Cars.) 
WHIMS, HOISTS. 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 
Holthoff Machinery Co. 
Lambert Hoisting Engine Co. 
WHITE LEAD. 
(See Paints.) 


WIRE AND WIRE ROPE CABLES, 
Allis-Chalmers Co. 
Fraser & Chalmers, Ltd. 

Hallidie Rope Co. 

Holthoff Machinery Co. 

Jeffrey Mfg. Co. 

Leschen & Sons Rope Co. 

Lidgerwood Mfg. Co. 

Macomber & Whyte Rope Co. 
(See Cables—Machinery. ) 


WIRE CLOTH. 
(See Screens. ) 

WIRE ROPE TRAMWAYS. 
(See Ropeways—Cableways.) 
WOODEN PIPE. 

(See Pipe.) 
WROUGHT IRON. 

(See Metals, Iron.) 


ZINC, 
(See Metals. 
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AND 


Mite and OF NEW YORK. 
etallurgy. 


The most Influential and Most Widely Circulated Mining and 
Metallurgical Paper, and, in these lines, undeniably the 
BEST ADVERTISING MEDIUM IN THE WORLD 


Circulating among the AFRICA 
ARGENTINE 
largest buyers of Ameri- ASIA MINOR 
AUSTRALASIA 


can Tools, Hardware, BRAZIL 
BRITISH GUIANA 


Machinery of all BOLIVIA 
CANADA 
kinds, Railway CENTRAL AMERICA 
CEYLON 
and Mining CHILI 
CHINA 
Supplies COLOMBIA 
DUTCH GUIANA 
in EQUADOR 
EUROPE Cffices 
HONG KONG at 
ne pcre 
JAPAN DENVER 
MEXICO SALT LAKE CITY 
PERU SAN FRANCISCO 
UNITED STATES | LONDON, ENG. 
URUGUAY Pie 


Correspondents in 


VENEZUELA every Mining District 
WEST INDIES. in the World. 
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BUY THE BEST—SAFETY AND SECRECY. 


Mining and General 
Telegraphic 


Code. 


By BEDFORD McNEILL. 


(MINING ENGINEER.) 


A most thorough and admirably arranged compend 


rectors of Mining, Smelting and Other 
Companies, Bankers, Stock and 
Share Brokers. 
PRICE - $6.00. 


A REESE KEKE KEE GEESE RARRRAKAA M 
7 THE TERMINAL INDEX. 
An excellent key to the above deftly compiled to 
assist in quickly determining the possible alter- 
a 


natives of any mutilated despatch embodied in 
McNei'l’s Code. 


PRICE, $2.50, POSTPAID. 
KEKE STARE S SASSER KSEE REESE 


THE ENGINEERING AND MINING JOURNAL, anc. 


261 Broadway, New York. 
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GRVSONWERK 


Magdeburg-Buckau (Germany). 


MINING MACHINERY 


STAMP BATTERIES 


Shoes and Dies of Special Krupp 
Steel. 


PATENT BALL MILLS 


for dry or wet crushing. 


MORE THAN 2500 AT WORK. 


CRUSHING AND GRINDING 
MACHINERY 


of every description. 


Dry Separating Apparatus 


Amalgamating Machinery 
| Concentrating Machinery 
Leaching Plant. 


COMPLETE PLANT FOR DRESSING ORES 


of every description. 


A large Testing Station for Crushing and Dressing Ores at the Works. 


AGENTS: 


For the United States: THOS, PROSSER & SON, 15 Gold Street, NEW YORK. 

For Canada: JAS. W. PYKE & CO., 35 St. Francois Xavier Street, MONTREAL. 

For Mexico: PABLO BERGNER, Apartado 549, MEXICO. 

For Peru; SIEMENS & HALSKE, A.-G., BERLIN, Oficina tenica, LIMA. For Chili: VOR- 
WERK & CO., VALPARAISO. 

For Queensland : HOYER & C€O., BRISBANE. 

For New South Wales, Victoria, South-Australia, Tasmania and New Caledonia : 
NOYES BROs., 109 Tiff Street, SYDNEY (N.S. W. )s, and 15 Queen St., MELBOURNE 

For none eee: __ United Engine ering Co., Ltd., P . O. Box 1082, JOHANNES URS: 

SVAA 
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ALLIS: CHALMERS CO. 


SUCCESSOR ° TO 


THE EDWARD P. ALLIS CO. FRASER & CHALMERS® GATES IRON WORKS, DICKSON MFG. 
Chicago, M1, Chicago, Il. SS Scranton, Pa. 


co. 


Milwaukee, Wis. 


BUILDERS OF 


Mining Machinery 


42x160-in. RIO TINTA COPPER FURNACE. 


JS melting Furnaces 
Copper Converters 
R_oasting Furnaces 


BRANCH OFFICES: GENERAL OFFICE: BRANCH OFFICES : 
NEW YORI. Broad ExchangeBldg : : S, 4 SALF LANE CITY, Dooly Block. 
PITTSBURG, 1212 Frick Blilg Ci | CAG 'f) o NG >| LL..U.S.A Bs SPOKANE, 512 First Ave 
MINNEAPOLIS, 416 ornExchangebldg. ; : SAN FRANCISCO, 623 Haywant Bldg 
DENVER, 1649 Tremont St. - HOME INSURANCE BUILDING. LONDON. ENG. 160 Dashwood touse 
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ALLIS-CHALMERS CO. 


SUCCESSOR . TO 
THE EDWARD P. ALLIS. CO. FRASER & CHALMERS, GATES IRON WORKS, DICKSON MFG. 
Mliitwaukee, Wis. Chicago, Ill, Chicago, Ill. Scranton, Pa. 


Cco™ 


BUILDERS OF 
COMPLETE 


Mining and Metallurgical 


REYNOLDS AIR COMPRESSOR. 


Reynolds Corliss Engines 


FOR ALL POWER PURPOSES 


Riedler Pumps and 
Air Gompressors 


BRANCH OFFICES: GENERAL OFFICE: BRANCH OFFICES : 


NEW YORK, Broad ExchangeBldg. § a 60%, SALT LAKE CITY, Dooly Block. 
PITTSBURG, 1212 Frick Bly. Ci CAG () 9 NGapast ILL..U.S.A. SPOKANE, © 512 First Ave 


MINNEAPOLIS, 416 (ornExehangeBldg : SAN FRANCISCO, 6:23 Haywanl Bldg. 
DENVER, 164 Tremont St. HOME INSURANCE BUILDING. LONDON. ENG. (60 Dastiwood House 
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Blast Furnaces and Equipments 


COPPER MATTING FURNACE. 


PNEUMATIC CYANIDE PLANTS 
GONCENTRATION PLANTS 
ORE-GCRUSHING AND 
MILLING PLANTS 


Send for catalogues on 


QRE SMELTING AND THE CONCENTRATION OF ORES 


See OSD oOomweo 28 ow ee wo wow eee oe 
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HOLTHOFF MACHINERY COMPANY 


MANUFACTURERS OF 


MINING MACHINERY 


BOILERS AND HEAVY SHEET METAL WorK 


GOLD, SILVER, CHLORINATION, CYANIDE 
AND CONCENTRATING MILLS ~ ~ ~- ~ 


TRANSMISSION MACHINERY-MINE EQUIPMENT 
COMPLETE MINING AND REDUCTION PLANTS 


GENERAL OFFIGE - = =#= =#£ = OQUDAHY, WIS., U. S: Az 
rote SUBURB OF MILWAUKEE 


W. D. GRAY, President. H. G. HOLTHOFF, Vice-Pres. 
B. T. LEUZARDER, Sec. and Treas. 
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AN OUTLINE 


i 


OF 


BY 


JOHN A. MILLER, [1.sc., A.M., Ph.D. (Berlin) 


Professor of Medical Chemistry and Toxicology, and Director of the 
Chemical Laboratory of the Medical Department of the Niagara 
University of Buffalo, N. Y.; Member of the Berlin Chemical 
Society; Fellow of the London Chemical Society, Member 
of the American Chemical Society and of the Ameri- 
can Microscopical Society; Fellow of the Royal 
Microscopical Soctety. 
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reactions for the elements commonly met with, and the best methods 
for their separation and identification. The acids are also treated in the 
same manner, The table for the detection of the acids is simple, clear 
and concise, thus rendering the detection of the acids an easy task. 


PRICE, BOUND IN CLOTH, $1.50. 


THE ENGINEERING AND MINING JOURNAL, 


(INCORPORATED.). 


NEW YORK: LONDON: 
261 Broadway. 20 Bucklersbury. 
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Link-Belt 


Glevating, Conveying and Screen- 
ing Machinery 


FOR 


Coal, Ore, Etc. 


Placer Mining Dredge Equipment, Bushed and 
Rolling Ghains, Steel and Malleable Buckets, Goal 
Grushers, Friction Glutches and General Machinery. 


The Link-Belt Machinery Co., 
Chicago, (. S. H. 


Catalogs On Application. 
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MATTE SMELTING. 


ITS PRINCIPLES AND LATER 
DEVELOPMENTS. 


With an account of the Pyritic Processes. 


BY 


HERBERT LANG, 


MINING ENGINEER AND METALLURGIST. 


This is an admirable little book, giving the very latest practice, in a 
masterly manner, and should be in the hands 
of every metallurgist. 


PRICE, $2.00. 


THE ENGINEERING AND MINING JOURNAL, 


(INCORPORATED.) 


NEW YORK: LONDON : 
261 Broadway. 20 BuckiersbDury. 


= AN 


|) ears |NDUSTRIAL POWER PLANTS 


COAL CUTTER AT WORK. 


Coal Washing Machinery 
Coal Mining Machines 
Power Goal Drills 
Generators 

Coal Screens 

Coal and Coke Crushers 


Retarding Cable 
Conveyors for Handling 
Coal 


ELECTRIC MINE LOCOMOTIVE. 


ELEVATING-CONVEYING-POWER 
TRANSMISSION-MACHINERY 


We design machinery 
to suit any and all 
requirements ‘< ‘¢ 


SEND FOR CATALOGUE 


ADDRESS 


THE JEFFREY MFG. €0., 


| ‘ez COLUMBUS, OHIO, U.S.A. 


NEW YORK DENVER CHARLESTOWN, W. VA. 
PITTSBURG, 


\/ 


7 


THE BUYER’S MANUAL OF THE MINERAL INDUSTRY. 


Mo ctoeteetestectoctoctoctectoctoctectoctoctoctectectoctoctocte ctectectoctostactectectectoctectectectoctactactectactoctectecte Poctectectectoctostectoctectocton™ 
Boetes' "oateetee' - 
0 POPU OU OU OOOO OOOO Ot OO Od OOOO Oa OOOO OOOO OOL® OOOO OHSU TOOT OE FOO OOOO OOO PE OO OO OT OOOH OHO TOU OOOO OOO OOO HOU OF, 


2, 6, 
aa 

eo 9. © 
0020 «fe 


ae o 
ae & 
BS é 
: e 
¥ oe 


. 
ro? 


\/ 
oe, 
> 


< ® R 
‘Go ines 
% * BY RS 
x ot J. H. CURLE 
& & 
& a 
Og ee eo 
: Th WwW : 
' The World | 
Re oe 
3, x 
zy 
+ An intelligent contribution to the literature of Min- : 
& ing and Metallurgy. Positively indispensable to mining * 
% and metallurgical engineers, mine investors, stock com- ~ 
3 panies, mine managers and exploration syndicates. = 
5a Thoroughly revised and brought up to date. * 
oe ae 
Rx ee 


o, 
Sasa? 
\? 
00,0 %, 


“ TABLE OF CONTENTS:S. ed 
& : 
ie Chapter Chapter % 
‘¢  I-—Introduction IX—Gold Mines of Canada Ks 
° 7 
= ‘I-—Gold Mines of the Transvaal X—Gold Mines of the United States 
2, ariuty A . 5 Se 
IllI—Gold Mines se Rhodesia XU Gal MiiIee OF Alaska 5% 
* [V—Gold Mines of West Australia : : “ 
SS : gest XII—Gold Mines of Mexico ~ 
“¢ V—Gold Mines of Victoria e 
oe ‘ Z ob . . . 4 
$+  VI—Gold Mines of Queensland Xill berets Mines and Choosing * 
*  Vil—Gold Mines of New South Wales, ae ie ~ 
BS South Aus'ralia, Tasmania, New XIV—Ethics in Gold Mining * 
¢ . Soe oe 
‘ Zealand and New Guinea XV—Gold Mining Investments—Ap- 4 
*“* Vill—Gold Mines of India and the pendix—Index—Assay Plan of “ 
~ . . 2 
Ra Malay Peninsula a Mine Rs 
R “ 
Bs + 
oe é ey “ 
es Royal Quarto Cloth, profusely illustrated with plans, photo- + 
S graphs and working drawings. < 
ae o% 
3 2 
* PRICE, - $3.50 & i 
4 3 
3 a i] d oe a J [ = 
2, 
= | The Engineering and Mining Journal | = 
£2 . 
* (INCORPORATED,) + 
+? ‘ag 7 
& 261 Broadway, New York + 
ee + 
* ae 
ootscfectestoadocteteatoatondeceeteeteatoofectecteetnatoate tee efoegoese eseesoccoeseeseevoetoetoeteetoetoeteateeteeteotoete Seateatectoctoctoateateateatoateetonts 


THE HERRESHOTF ROASTING FURNACE 


Desulphurizing Ores. 


NO FUEL USED. Repairs and Labor Gost Nominal. 
Simple in Gonstruction. One Man can attend 100. 


REPAIRS GAN BE MADE WHILE RUNNING. 
No Shutting Down. 


30-0 


: = 
= — 
Y ‘an be a 
rn i 
/' 
I 
f 


i 


| 


Zee 


YL: 


Vl 


L | 


Hii; 


ee ae 


N 
N 
\E 


Tor particulars see article page 237, Vol. VI., of this boox, or apply to manufaciurers. 


THE NICHOLS CHEMICAL CO., 


THE BROAD EXCHANGE BLDG., oe 
25 BROAD STREET,. : = NEW YORK. 
SMELTERS AND REFINERS OF COPPER 
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THe PULSOMETER STEAM PUMP 


Often Imitated Never Equaled 
RECENT IMPORTANT IMPROVEMERTS 


The Simplest, Cheapest, Handiest, 


Most Efficient, 
Most Durable j 
For 
Shallow Mines, 


Coal Washing, Ore Washing, Dip Drainage, Contractors’ Use 


geting’ NO EASILY DERANGED 
20,000 


in Use OUTSIDE MECHANISM 


Catalogue Muddy or gritty liquids handied without 
Free Injury to the pump 


PULSOMETER STEAM PUMP CoO. 


133 Greenwich St., NEW YORK 


Our works 
are the 
Most 
Modern in 
the World. 


Our Wire is 
the Product 
of the 
Most Con- 
servative 
Mill in the 
World. 


We man- 
ufacture 
Wire Rope 
for every 
purpose. 


Are not 
controlled 
by any 
Corporation 
Trust. or 
Association. 


: Main Office: 
19-21 South Canal Street, CHICAGO,7 VU. S. A. 
San Francisco Office: 

HALLIDIE ROPE CoO., 19 Fremont Street. 


THE BUYER’S MANUAL OF THE MINERAL INDUSTRY, 


I ne ee in 


“ALESCHEN & SONS nore ch. 


920-922 N. ISTST., ST.LOUIS, Mé 
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The Metallurgy of 7a 
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HENRY M. ie) A. M., S. B. 


This Work TABLE OF CONTENTS. 
is the 


is Chapter I.—Classification and Constitution of Steel. 
Most Notable Chapter II.—Carbon and Iron Hardening, Tempering and Anneal 
s : ing. 
Contribution Chapter III.—Iron and Silicon. 


Chapter IV.—Iron and Manganese. 
to the 
Chapter V.—Iron and Sulphur. 
e 
Literature of Chapter VI.—Iron and Phosphorus. 
Chapter VII.—Chromium, Tungsten, Copper. 


Iron and Steel 
Ever published. Chapter IX.—Iron and Oxygen. 


Chapter VIII.—The metals occurring but sparingly in Iron, 


Chapter X.—Nitrogen, Hydrogen, Carbonic Oxide. 


Every 
Metallurgist, Chapter XII.—The Prevention of Blowholes and Pipes. 


Chapter XIII.—Structure and related subjects. 


Chapter XI.—The absorption and escape of Gas from Iron. 


every Chapter XIV.—Cold Working, Hot Working, Welding. 
Chapter XV.—Direct Processes. 

Manufacturer ee ee = 

Chapter X\VI.—Charcoal-Hearth Process. 

of Jron and Steel Chapter XVII.—The Crucible Steel Process. 

Chapter NVIII.—Apparatus for the Bessemer -Process. 

should have Lee ee 

Appendix I.—Special Steels. 

this Appendix II.—Anti-Rust Coatings. 

Appendix III.—Lead Quenching. 


Standard Work. 


Appendix IV.—Direct Processes. 


PRICE, $10.00. 


THE ENGINEERING AND MINING JOURNAL, 
(INCORPORATED.) 
NEW YORK, LONDON, ENG. 
261 Broadway. 20 BUCKLERSBURY. 


Royal Quarto, Cloth. Profusely Illustrated with Working Drawings. 
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“THE JOHNSON FILTER PRESS” 


For use in the treatment of= 


Gold-ore Slimes, 
Gold-zinc Slimes, 
Silver, Lead, 
Copper, Nickel, 
Zinc, Tin, 
Aluminum, and 
other 

metallurgical 


processes. 


SSS 


JOHN JOHNSON @ COMPANY 


95-97 Liberty Street 
NW YORK 


FILTER PRESSES 


FILTER CLOTH, FILTER PAPER AND PUMPS 


ofef: 


t: SHRIVER @ CO 329 East 56th St., 


°-7 NEW YORK CITY,N.Y., 


We build a small 7 in. Press similar in design and opera 
mental and laboratory work. 


USED IN 


CYANIDE AND 
‘CHLORINATION 


Treatment 
of 


GOLD AND 
SILVER GRES 


= 


Also for 
Filtering 


CHEMICALS, 
CLAY, 
GRAPHITE, 
OILS, ETC. 
ETC.,ETC. 


tion to the largest size, for experi- 
If you are considering using Filter Presses, we will make ex- 


periments for you, or you can get one of these small Presses and do your own experimenting. 
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ROCK DRILLS 


AND 


AIR COMPRESSORS 


CORE DRILLS 


: FOR PROSPECTORS 


PNEUMATIC 
PUMPING SYSTEMS 


RAND DRILL COMPANY 


128 Broadway NEW YORK 
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C. C. B. 


Pocahontas Smokeless 
Coal. 


The Only American Coal Officially En- 
dorsed by The Governments of Great 
Britain, Germany and the 
United States. 


THE STANDARD FUEL OF THE UNITED STATES NAVY. 


ENDORSEMENT BY THE GERMAN GOVERNMENT. e 
After making a thorough test of our Pocahontas Coal the NAVY DEPARTMENT OF THE GER- 
MAN EMPIRE has placed it on its list of Admiralty Coals acceptable to that Department, for supply- 
ing the requirements of men-of-war, and the proposals issued by the German Government last No- 
vember stated, ‘“‘That bids for the coming year would be received ONLY FOR POCAHONTAS 
AND CARDIFF COALS ON THE ADMIRALITY LIST.” 


ENDORSEMENT BY THE GOVERNMENT OF GREAT BRITAIN. 

In March, 1894, by command of Her Majesty, a report on the coal mines of the United States was 
presented to the Houses of Parliament. 

This report, which was made by Sir Julian Pauncefote, British Minister at Washington to the Earl of 
Roseberry, Secretary of Foreign Affairs, stated that “POCAHONTAS COAL IS UNDOUBT- 
EREY. ONE OF THE BEST COALS MINED IN AMERICA FOR THE GENERATION OF 
TEAM.” 

In addition to its remarkable steaming qualities, POCAHONTAS COAL IS PRACTICALLY 
SMOKELESS, AND THE NAVY LEAGUE OF ENGLAND HAS OFFICIALLY STATED 
“THERE IS VIRTUALLY NO OTHER SOURCE OF SUPPLY OF SMOKELESS COAL OUT- 
SIDE OF GREAT BRITAIN, EXCEPTING THE POCAHONTAS’ COAL OF WEST VIR- 
GINIA.” 


ENDORSEMENT BY THE GOVERNMENT OF THE UNITED STATES. 
THE UNITED STATES NAVY DEPARTMENT for several years past has been making exhaust- 
ive tests of various coals, with a result that it has adopted Pocahontas as its standard fuel. 
The annual report of the United States Geological Survey for 1900-1901, just published, states, 
“POCAHONTAS COAL OF WEST VIRGINIA IS THE STANDARD FOR STEAM COAL.” 


POCAHONTAS IS THE ONLY AMERICAN COAL WHICH HAS EVER BEEN ENDORSED 
BY A EUROPEAN GOVERNMENT, and these high testimonials regarding its superior steaming 
qualities and smokeless character from such disinterested sources, show that it is regarded both at 
home and abroad as equal to the best Cardiff. 


ITS ADOPTION BY THE UNITED STATES NAVY DEPARTMENT AS ITS STANDARD 
FUEL FOR USE ON ITS CRUSIERS, AND THE FACT THAT IT IS NOW PLACED ON THE 
ADMIRALTY LIST BY THE GERMAN GOVERNMENT ARE THE HIGHEST ENDORSRE- 
MENTS WE COULD ASK FOR, AND ESTABLISHES ITS REPUTATION AS THE GREAT 
STEAMING COAL OF THE WORLD. 


(ASTNER, CURRAN & BULLITT, « <ts2t. 


Main Office, ARCADE BUILDING, PHILADELPHIA, PA. 
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Dr. Lucius Pitkin 


Chemist and Assayer 
47 Fulton Street, New York City 


OFFICIAL ASSAYER 
AND WEIGHER TO 
THE -NEW YORK 
METAL EXCHANGE 


lien 


The continued increase in my 
business has made it necessary 
to increase business facilities. 
A laboratory building has there- 
fore been erected by me at 47 
Fulton street, which will be 
(with the exception of the 
store) entirely occupied as my 
offices and laboratories. 


Thanking my patrons for the 
courtesies which have rendered 
this. necessary, it is hoped the 
added facilities may conduce to 
more efficient service. 


Gold, Silver and Copper 


Bearing Products a Specialty 
SAMPLING AND WEIGHING 


ENTIRE GHARGE TAKEN OF CONSIGNMENTS 
* TELEPHONE CONNECTION 
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RICKETTS. & BANKS, '° son" sree= 


Practical Working Tests of Ores to determine best method 
of treatment. 
Trial Runs by Milling, Concentrating and Smelting Processes. Com- 
plete Testing Plant. 
Chemical and Metallurgical Processes Investigated. 
Assays and Analyses of all classes of materials. 
Mineral Properties Examined and Reported upon. 


RUGGLES-COLES DRYERS 


For Limestone, Shale, Sand, Slag, Marl, Coal, Minerals 
and all other Materials. 


RUGGLES-COLES ENGINEERING CO. 
39 Cortlandt Street, - New York 
1290 Old Colony Building 
Chicago 


Nitrate of Soda 


The Standard Ammoniate Fertilizer 


A Splendid Advertise- 
ment When Used in 
Complete fertilizers 


oe FOR INFORMATION WRITE 


WILLIASI S. MYERS, Director 


Chilean Nitrate @lorks 
12 John Street NEW YORK 
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Orford Copper Co. 


SAM L _A. BENNER, President 


74 BROADWAY, #§$:..NEW YORK 


COPPER ano NICKEL SMELTERS 


Works at CONSTABLE HOOK, N. J. 
opp: New Brighton, Staten Island. 


COPPER AND NICKEL ORE, MATTES OR BULLION PURCHASED 


Advances Made on Consignments for Refining and Sale. 


Specialty Made of Silver-Bearing 
Ores and Mattes 


COPPER INGOTS, WIRE BARS AND CAKES 


Malleable Nickel, Shot, Plates, 
Ingots, Bars, Sheet Wire 


Best Quality For 


ANODES, GERMAN SILVER and NICKEL-STEEL 
FOR ARMOR PLATES 
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ARIZONA COPPER CO. 


Producers of *¢ A. c. Cc.” Brand, and Copper Precipitate. 


MINES AND SMELTERS AT 
CLIFTON, ARIZONA. 
General Superintendent, JAMES COLQUHOUN, Arizona. 
Agents: UNITED METALS SELLING Co. - - NEW YORK 


STORAGE BATTERIES IN MILLS AND FACTORIES. 


By E. V. STEBBINS, of Civil Engineers’ Club of Cleveland. 


JOURNAL OF THE ASSOCIATION OF ENGINEERING 
SOCIETIES, JULY 1902. 
30 cents per copy. $3.00 per annum. 


JOHN C. TRAUTWINE, JR., Secretary, 
257 S. 4th Street, Philadelphia. 


Balbach Smelting & Refining Co. 


EDWARD BALBACH, Ur,, Pres, J. LANGELOTH, Vice-Pres. 


NEWARK, NEW JERSEY 


| SMELTERS AND REFINERS OF 


Gold, Silver, Lead and Copper Ores 


BULLION AND ARGENTIFEROUS 
COPPER MATTE PURCHASED 


SMELTING AND REFINING WORKS 
ELECTROLYTIC COPPER WORKS 
NEWARK, NEW JERSEY 
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PRACTICAL NOTES 


ON THE 


CYANIDE PROCESS 


BY 


FRANCIS L. BOSQUI, PH. B. 


Superintendent of the Standard Consolidated Mining Company's 
Cyanide Works, Bodie, Cal. 


A USEFUL, MONEY-SAVING BOOK FOR PRACTICAL MEN. 


CONTENTS. 
INTRODUCTION. 


Chapter I. History and Chemistry of the | Chapter XV. Zinc Precipitation; 
Cyanide Process ; XVI. Methods of Standardizing 
II. Limitations of the Process; Lump Volutions; 
III. Agitation and Percolation; XVII. Cleaning-up and Reduction 
IV. & V. Construction of a Plant; of Precipitates ; 
VI. Details of Construction ; XVIII. Melting; 
VII. TheZincor Precipitation Room; XIX. Direct Treatment of Tailings 
VIII. The Clean-up Room; and Ores; 
IX. Arrangement of Pipes, Valves, xX. - Cost ofa Plant ; 
etc. ; XXI. Cost of Treatment; 
X. Laboratory Tests (General XXII. Extraction: 
Considerations) ; XXIII. Gold Losses; 
XI. Laboratory Tests (Tests on XXIV. Management of a Plant: 
Tailings), XXV. Dangers in Working the Pro- 
XII, Laboratory Tests (Tests on (EASE 
Ores); XXVI. Other Cyanide Processes and 
Preparing Tailings and Charg- Methods; 
ing Vats; XXVII. Exemplification of the Pro- 
The ‘Leaching Process. cess in other Localities, 


ILLUSTRATED. PRICE, $2.50. 


The Engineering and [Mining Journal, 


(INCORPORATED. ) 


NEW YORK: 261 Broadway. LONDON: 20 Bucklersbury. 
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American Smelting 
and Refining Company, 
LL SNS Re Eee | 


Buyers of all classes of 


GOLD, SILVER, LEAD and COPPER 
ORES, MATTES, BULLION and FUR- 
NACE PRODUCTS. 


Refiners of 


GOLD, SILVER, LEAD and COPPER. 


Manufacturers and Exporters of 


COPPER SULPHATE. 


Daniel Guggenheim, Chairman E. W. Nash, President Barton Sewell, Vice President 
Edward Brush, Secretary Issac Guggenheim, Treasurer. 


General Offices, 
71 Broadway, - : = - New York City. 
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Stamp Milling of Gold Ores 


THOMAS A. RICKARD, 


NZS! 


viv. 
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Mining Engineer and Metallurgist, Fellow of the Geological Society, 
Associate of the Royal School of Mines, London; Member 
of Gouncil American Institute of Mining Engineers, 
State Geologists of Colorado, etc., etc. 
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TABLE OF CONTENTS 
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The Philosophy of the Stamp-Mill- IX. Gold Milling at Bendigo, Victoria. 
ing Process. . Double Discharge Mortars in Vic- 
The Stamp Mills of Gilpin Co., toria. 
Colorado. . The Use of the Stamp Mill for 
The Typical Stamp Mills of Cali- Ores Unsuited for such Treat- 
fornia. ment. 
California Practice in Amador XII. The Stamp Mills of Otago, New 
County. Zealand. 
The Profitable Working of Large XIII. A Review of Australian Practice. 
Bodies of Low-Grade Ore. XIV. The Wear and Tear of a Mill. 
Milling in the Black Hills, South XV. The Flouring of Mercury. 
Dakota. XVI. Mills and Millmen. 
Early Australian Methods. XVII. The Future of the Stamp Mill. 
More Modern Australian Methods. 
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Glossary of Stamp-Milling Terms. 


This book offers a careful description of the most recent gold-milling practice in this 
and other countries, being a record of the results of investigations made by the author 
in the course of professional work during the past ten years. The author’s inquiry into 
the principles of this important bicnch of metallurgy sprang from the first observation of 
the apparently contradictory practice of Colorado and California, in both of which States 
he has had charge of the operation of typical milling plants. The search for the scientific 
principles explaining methods so diverse led him to the general study of the reduction 
of gold ores and induced him to spread the inquiry over a field nearly commensurate with 
existing mining regions. The matter thus collected is rather a painstaking description of 
practice than a discussion of the chemistry and mechanics of the stamp-milling process, 
and is therefore quite as valuable to those engaged in the work of the mill as to the 
student and engineer. 
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CLOTH, ILLUSTRATED. PRICE $2.50 
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261 Broadway, NEW YORK. 20 Bucklersbury, LONDON, ENG. 
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ll Broadway, NEW YORK CITY. 
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European Agents 
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Desilverization of Base Bullion. 


BY 


H. O. HOFMAN, E. [1., Ph. D., 


Professor of Metallurgy, Massachusetts Institute of Technology. 
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CONTENTS. 
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PART I. Intropuction. 
Cuapter I.—Historical and Statistical Notice. 
Cuapter II.—Properties of Lead and Some of its Compounds. 
CuHaptTer II].—Lead Ores. 
CuHapter 1V.—Distribution of Lead Ores. 
CuHapTeR V.—Receiving, Sampling and Purchasing Ores, Fluxes and Fuels. 
PART II. THe METALLurcIcAL TREATMENT OF LEAD ORES. 
CHANTER VI.—Smelting in the Reverberatory Furnace. 
Cuapter VII.—Smelting in the Ore-Hearth. 
CuHapter VIII.—Smelting in the Blast Furnace. 
General Smelting Operations. 
Furnace Products. 
PART III. Desi_verizAtTion oF BASE BULLION. 
CHAPTER IX.—Patinson’s Process. 
CHAPTER X.—Parkes’ Process. 
Cuapter XI.—Cupellation: 
A.—German Cupellation. 
B.—English Cupellation, 
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The Recognized Standard Authority 
DESCRIBING : 
Advanced American Practice. 


Aluctrated with Working Drawings. 


PRICE, 56.00. 


The Engineering and Mining Journal, (inc.) 
NEW YORK: 261 Broadway. LONDON: 20 Bucklersbury. 
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THE COPPER 
KING, LIMITED 


PACIFIC COAST SMELTING 
AND REFINING WORKS 


WORKS: MINES: 
Seal Bluff Landing, Cal. Fresno County, Cal. 


Purchasers, Samplers and Smelters 

of Gold, Silver, and Copper 
Ores, and Furnace 

Products. 


OFFICES: 


Crocker Building Basildon House, 7-ii Moorgate St. 
San Francisco, California London, E. €., England 
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RAYERSE TABLES 


With an Introductory Chapter on 


Co-Ordinate Surveying. 


BY 
Henry Louis and George William Gaunt. 


| 


This admirable compend will prove of the utmost practical value and 
advantage to mining engineers and all others interested in the subject. There 
are undoubtedly a great many Traverse Tables in vogue. Some of them are 
arranged with a degree of accuracy, while the prices of others are entirely too 
high for the ordinary mine surveyor and technical student. The advantages 
of the co-ordinate method of plotting traverses are necessarily familiar to 
every experienced surveyor, and at the present day it is usual to employ in 
ordinary underground and surface work instruments divided into single min- 
utes, so that the tables must be calculated for this unit to be of any real use. 
In ordinary chaining it may be taken that it is rare for any traverse to exceed 
ten chains in length, whilst the limit of accuracy for such lengths is about 
one link. The tables are therefore calculated to five significant places (four 
places of decimals), so that their accuracy is about ten times as great as is 
attained in ordinary actual work. In arranging the tabular divisions, a plan 
has been adopted which experience has fully demonstrated to be convenient 
for active work, all the figures needed for any given angle being found at one 
opening of the page and in one line. This most excellent book is arranged 
with unusual intelligence, and the preliminary chapter is a clear and compact 
exposition of the methods of co-ordinate surveying. 
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Thin 8vo, Flexible Buckram Covers For Pocket Use 
PRICE, $2.00, POSTPAID 


The Engineering and Mining Journal, 


(INCORPORATED : 


261 Broadway, NEW YORK. 
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Hron Hirsch & Sobn, 


Dalberstadt, Germany. 


Dealers in 


COPPER, LEAD, TIN, SPELTER, 
ARGENTIFEROUS and AURIFEROUS 
ORES and BULLION. 


Brass Rolling Mill and Tubing Mill 
at 
HEEGERMUEHLE, near BERLIN 


Copper Rolling Mill 
at 
ILSENBURG a. H. 


New York Office, 


LL. Vogelstein, 90-96 Wall Street, 
Sole Agents for the De Lamar Copper Refining Works, Carteret, N. J. 
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PROSPECTING, LOCATING 


0) AN 


VALUING MINES. 


A Practical Treatise for the use of Prospectors, Investors and Mining Men 
generally; with an account of the Principal Minerals and Country 
Rocks; Ore Deposits; Locations and Patents; the Early Develop- 
ment of Mines; Earthly Mineral Products; Coal; Gold Gravels and 
Gravel Mining; Measurement of Water; and Artesian Wells. 


WITH FIFTEEN PLATES. 


By R. H. STRETCH, E. M. 


BY FAR THE BEST BOOK OF ITS KIND.---INVALUABLE 
TO ALL WHO ARE INTERESTED IN MINING. 


CONTENTS. 


CHAPTER, CHAPTER. 


I. Introductory — Mistakes in X. Making Locations. 
Mining. 


; XI. Patents to Mining Ground. 
Il. What Constitutes a Mine. NE hasie ees Soe Te 
Ill. Rock-forming Minerals and epocns i pea ein Gadd coke Seeks 
Rocks XIII. Ores. 
IV. Physical Character of Mineral XIV. Useful Earthy Minerals, ete. 
Deposits. Xe. Goal: 
Origin of Veins. : ee 
Filling of Mineral Veins. XVI. Gold Gravel Deposits. 
é XVII. Water and Its Measure- 
Influence of Rocks on Vein Heat 
Filling. Les 
Mineral Deposits Other than XVII. Artesian Wells. 
Veins. Useful Tables. 
Prospecting, Good Books of Reference. 


IN TWO STYLES--Library Edition, Cloth, 12mo, - : . $2.00 
Pocket Edition, Flexible Morocco Cover, Special Paper, 2.50 


The Engineering & Mining Journal, 


(INCORPORATED.) 


261 BROADWAY, NEW YORK. 
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Atlantic Mining Co. 


OF MICHIGAN. 
Producers of LAKE COPPER 


Joseph E. Gay, President. John Stanton, Secretary and Treasurer. 
MINE OFFICE: 
Atlantic Mine P. 0., Houghton Co., Mich. 


Wolverine Copper [lining Co. 


OF MICHIGAN. 
Producers of LAKE COPPER 


John Stanton, President. J. R. Stanton, Secretary and Treasurer. 
MINE OFFICE: 


Kearsarge P. 0., Houghton Co., Mich. 


Baltic [lining Co. 
OF MICHIGAN. 
Producers of LAKE GOPPER 


John Stanton, President. J. R. Stanton, Secretary and Treasurer. 
MINE OFFICE: 
Atlantic Mine P. 0., Houghton Co., Mich. 


JOHN STANTON, 
11-13 William Street, New York, 


Sales Agent for above Companies. 
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Matthiessen « Hegeler 
Zinc Company 


LA SALLE, ILLINOIS 


SMELTERS OF SPELIER | 
cemer comae 


and Manufac 


SHEET ZINC AND SULPHUR AQD 


Selected Plates for Etchers’ and 
Lithographers’ use 


Selected Sheets for Paper and Card | 
Makers’ use 


Stove and Washboard Blanks 
Rolled Battery Plates 


Zinc for Leclanche Battery 


od 


THE BUYER’S MANUAL OF THE MINERAL INDUSTRY. 969 


COPPER QUEEN CONS. MINING CO. 


BISBEE, ARIZONA, 


Producers of Arizona Pig and Ingot Copper. 
J. DOUGLAS, President. 
W. E. DODGE, Vice-President. 
G. NOTMAN, Secretary and Treasurer. 


OFFICE, 99 JOHN ST., NEW YORK CITY. 


DETROIT COPPER MINING CO. OF ARIZONA. 


MORENCI, ARIZONA, 


Producers of Arizona Pig and Ingot Copper. 
J. DOUGLAS, President. 
CG. H. DODGE, Vice-President. 
G. NOTMAN, Secretary and Treasurer. 


OFFICE, 99 JOHN ST., NEW YORK CITY. 


UNITED GLOBE MINES. 


GLOBE, ARIZONA, 


Producers of Arizona Pig and Ingot Copper. 


J. DOUGLAS, President. 
J. VAN VLECK, Vice-President. 
G. NOTMAN, Secretary and Treasurer. 


OFFICE, 99 JOHN ST., NEW YORK CITY. 


PHELPS, DODGE & CO., 


CLIFF AND JOHN STREETS, NEW YORK. 


SALES AGENTS FOR ABOVE COMPANIES. 
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Cyanide Practice 


BY 
ALFRED JAMES 


Late Technical Manager and Special Expert in South Africa, New 
Zealand, Australia and the United States of the Company 
introducing the Cyanide Process. 


An exceedingly valuable and important contribution to the subject, faithfully recording the personal 
experience of the author in the actual working of the process, and covering a vast amount of informa- 
tion and data which is nowhere else obtainable. The process section of this excellent treatise embodies 
sufficient and requisite details to enable a mining engineer to accurately test his products, design and in- 
stall efficient and economical plants, and work them advantageously. The latter portion of the book 
demonstrates the advances which have been made in the treatment of dry crushed and roasted ores, 


and in the treatment of slimes by filter press and other methods. The treatise incorporates the following 
divisions :— 


CONTENTS. 
INTRODUCTION. 


Chapter I. Investigation of Samples. 
II. Plant, and General Designs of Buildings and Ma- 
chinery. 
Extraction and Method of Crushing. 
Treatment of Slimes. 
Filter Press Treatment of Slimes. 
Treatment of Sulpho-Telluride Ore. 
Dry Crushing. 
Costs of Erecting Plants. 
Extractor Box Work and Sump Solutions. 
Losses in Cleaning Up. 
. Bromo-Cyanide. 
XII. Assay of Gold Solutions. 
XIII. Recent Cyanide Practice and Tables. 


Royal Quarto Cloth, freely illustrated, embracing 
numerous diagrams and working drawings. 


PRICE, $5 


Ohe Engineering and Mining Journal 


(INCORPORATED) 


261 Broadway, NEW YORK. 
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ny vee HOISTING ENGINES 


ARE STRICTLY UP-TO-DATE AND~ 
BVILT FOR BVSINESS AND 
ESPECIALLY ADAPTED 


FOR 


Pile Driving, Bridge Building, 
Erecting Purposes, Dock Build- 
ing, Mining, Conveying and 
General Contractors, Electric 
Hoists, for Mining and other 
: Purposes. 

CABLEWAYS. 


LAMBERT HOISTING ENGINE 60., 


115-121 Poinier St., NEWARK, N. J. 
NEW YORK CITY, BOSTON, PHILADELPHIA, ALLEGHENY, CLEVELAND, 
TOLEDO, ST. LOUIS, SAN FRANCISCO. 


ARE. BUILT TO GAUGE ON THE DUPLICATE PART 
SYSTEM. QUICK DELIVERY. ASSURED:: 


STANDARD 


FOR QUALITY AND DUTY. 
t 20,000 Engines 


IN USE. 


> STEAM AND ELECTRIC HOISTS. 


SEND FOR LATEST CATALOGUE. 
LIDGERWOOD ELECTRIC MINE HOIST. 


LIDGERWOOD MANUFACTURING CO. 
96 LIBERTY ST, NEW YORK. 


MANFRS ADVG BUREAU.N.Y. 


FR 
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THE 


ORE DEPOSITS 


OF THE 


United States and Ganada 


By James Furman Kemp, A.B.E.M. 


PROFESSOR OF GEOLOGY IN THE SCHOOL OF MINES, COLUMBIA UNIVERSITY. 


Third Edition. Entirely Rewritten and Enlarged, with Elaborate 


Illustrations. 


The Recognized Authority on American 
Economic Geology. 


This is the only treatise extant containing an accurate and complete record of the 
various Ore Deposits of this Continent, and is positively thorough and reliable on the 
origin and modes of occurrence of the useful minerals in the earth’s crust. It is specifi- 
cally up-to-date and is essentially requisite to the teacher and student in economic geology, 
and to all practically engaged in prospecting or mining the useful minerals and metals. 
The present (third edition) has been faithfully revised, bringing the book up to the times, 
and embodying the latest theories of Ore Deposits and the most recent developments in 
actual mining operations. It will certainly interest-even a larger number of readers than 
did the first edition, which won such univer sal commendations. — It is, beyond all doubt or 
question, the dominant authority on the su bject in any language, and everyone interested 
as a Teacher, Student. Geologist, Prospector, Miner or Mining Investor should certainly 
have THE BEST BOOK. 


PART I.—_INTRODUCTORY. 


CuHaPTER I.—General Geological Facts and 
Principles. 

CuartTer II.—The Formation of Cavities in 
Rocks. 

Cuarrer III.—The Minerals Important as 
Ores; The Gangue Minerals and the 
Sources Whence Both Are Derived. 

CuarterR IV.—On the Filling of Mineral 
Veins. 

CuartErR V.—On Certain Structural 
tures of Mineral Veins. 
CyHaprer VI.—The Classification 
Deposits, A Review and a 

Based on Origin. 


PART. Il. THE, ORE DEPOSITS: 


CuHapter I.—The Iron Series (in Part)— 
Introductory Remarks on Iron Ores— 
Limonite—Siderite. 

CuHapter II].—The Iron Series, Continued— 
Hematites, Red and Specular. 

Cuarter III.—Magnetic and Pyrite. 

CuaPter IV.—Copper. 

CuHapter V.—Lead Alone. 

CuHaptEer VI.—Lead and Zinc. 


Fea- 


of Ore 
Scheme 


OCTAVO CLOTH. 


FREELY ILLUSTRATED. 


Cuapter VIT.—Zinc Alone or With Metals 
Other Than Lead. 

CyHapter VIII.—Lead and Silver. 

Cuaprer IX.—Silver and Gold—Introduc- 
tory; Eastern Silver Mines and the 
Rocky Mountain Region of New Mexico 
and Colorado. 


CuaptErR X.—Silver and Gold Continued— 
Rocky Mountain Region, Wyoming, 
The Black Hills, Montana and Idaho. 

Ciarter XI.—Silver and Gold continued— 
The Region of the Great Basin, in Utah, 
Arizona and Nevada. 

Cuaprer XI{.—The Pacific Slope—Wash- 
ington, Oregon and California. 

CuartErR XIII.—Gold Elsewhere in the 
United States and Canada. 

CuapterR XIV.—The Lesser Metals—Alum- 
inum, Antimony, Arsenic, Bismuth, 
Chromium, Manganese. 

CHAPTER XV.—The Lesser Metals, Con- 
tinued—Mercury, Nickel and Cobalt, 
Platinum, Tin. 

Cuapter XVI.—Concluding Remarks. 

Apprenpix I.—A Review of the Schemes for 
the Classification of Ore Deposits. 


PRIGE, $5.00 


THE ENGINEERING @ MINING JOURNAL 


(INCORPORATED.) 


NEW YORK: 261 Broadway. 


LONDON: 20 Bucklersbury. 
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TO AUTHORS. 


THE ENGINEERING AND MINING JOURNAL, (INC) 


is ready to publish at its own expense (paying the usual author’s royalty) 


THE BEST BOOKS 


on any subject connected with 


MINING, MIETALLURGY, INDUSTRIAL CHETISTRY, Etc. 


Address The Engineering and Mining Journal (Inc.) 
261 BROADWAY, NEW YORK. 


SULTANA MINING CO. 


Capital $2,000,000 


MINES: OFFICE: 
Angels Camp, California 32 Broadway, New York 


KEUFFEL & ESSER CO., 
NEW YORK, N. Y. 


BRANCHES: CHICAGO ST. LOVIS SAN FRANCISCO 


DRAWING MATERIALS 
Bieter INSTRUMENTS 


We manufacture and carry a complete line of all re- 
quisites for FIELD AND MINE SURVEYING and 
for the DRAUGHTING ROOM. ALL OUR 
GOODS ARE WARRANTED. 

TRANSITS AND LEVELS of most improved 
construction in great, variety. 

COMPASSES, ANEMOMETERS, ANEROID 
BAROMETERS, REFLECTING gee EFC., 
ETG: 


K. & E. Measuring Tapes, Steel, Metallic, Pocket. @ 
Fine Narrow Tapes up to rooo ft. long, any graduation, “ay 


also in foreign measures. 


OVR VALVABLE (500 PAGE) CATALOGVE SENT ON APPLICATION 
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Ki 
Modern 
opper Smelting | 


BY 


Edward Dyer Peters, Jr. 


Tenth Edition. Rewritten and Greatly Enlarged. 
The standard authority of the world on 
Copper Smelting. 


It contains a record of practical experience, with directions how to build furnaces and 
how to overcome the various metallurgical difficulties met with in copper smelting. 


1 ARTISAN INTIS NTIS TINTS TAN NTN TS ITI TITS 


RS 

TABLE OF CONTENTS RE 

Chapter I. Copper and its Ores. Ke 
se II. Distribution of the Ores of Copper. Ke 
« Ill. The Sampling and Assaying of Copper. ZB 
es IV. The Chemistry of the Calcining Process. » 
ss V. The Preparation of Ores for Roasting. Ke 
ff VI. The Roasting of Ores in Lump Form. Ca 
ff VII. The Roasting of Ores in Pulverized Condition. es 
sf VIII. Automatic Reverberatory Calciners, <= 
af IX. The Smelting of Copper. Ke 
s X. The Chemistry of the Blast Furnace. ke 
sd XI. Blast Furnace Smelting (with Carbonaceous Fuel). iS 
‘s XII. Blast Furnaces Constructed of Brick. Ke 
is XIII. General Remarks on Blast Furnace Smelting. Ke 
i XIV. Pyritic Smelting. yi 
w XV. Pyritic Smelting—Its History; Principles; Scope; Apparatus; and Prac- Ke 
tical Results. as 

sf XVI. Reverberatory Furnaces. » 
sé XVII. The Bessemerizing of Copper Mattes. i 
es XVIII. The Electrolytic Refining of Copper, a 
f XIX. Selection of Process and arrangement of plant. » 
General Index. etc. Ke 


LNW SU SW SUSU SW SUSU SW SU WSU NU WW SUSU SUSY SY SW SUSU SIU SU Se USL SIU SW SU SIU SW SUSU USSU SUSU SUSU SI JUS 


PROFUSELY ILLUSTRATED. PRICE, $5.00 Re 
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PROFESSIONAL DIRECTORY. 


The skill and knowledge acquired in building up in a very few 
years an industry whose output last year had an aggregate market 
value at the place of production exceeding $1,000,000,000, are 
sought for by those in every land who wish to utilize its mineral re- 
sources. It is not surprising, therefore, to find American mining en- 
gineers and metallurgists in such request that their services command. 
far higher salaries than are paid to the engineers of any other country. 
The names of most of the eminent men in the profession, those who 
have largely contributed to this marvellous growth of the mineral in- 
dustry, are found in the pages of this Professional Directory. All 
engaged in the industry look here when they wish to find experts 
eminently qualified to assist them ; it is therefore not only in accord 
with the highest code of professional ethics but also very desirable that 
the names of all those most skillful in the arts treated of in this work 
should be found in this Directory. 
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ADAMS, WILLIAM H., 
MINING ENGINEER, 


18 Broadway, New York, and Mineral, Va. 


Pyrites Mines, Copper Mines. Spence Roasting Fur- 


naces. Agent Pohle-Croasdale process. 


LDRIDGE, W. H., 


MINING ENGINEER AND METALLURGIST. 


Trail, B. C. 


Manager Canadian Pacific Railway’s Smelters and 


Consulting Mining Engineer. 


BACH, HENRY T,, 


CONSULTING ENGINEER, 
City Hall, Syracuse, N. Y. (P. 0, Box 376.) 


Formerly Chief Engineer Clearfield Bit. Coal Co. and 


Div. Bng., New York State Canals. 


BEATTY, AvaGEE Sal, 
MINING ENGINEER, 
521-522 McPhee Bldg., Denver, ‘Colo. 
Cable Address: ‘‘Granite,’’ Denver. 
Code: Bedford McNeill. 


ENEDICT =W.-de L:, 


CONSULTING MINING ENGINEER, 
43 Cedar St., New York. 
Cable Address: ‘‘Verpear,’’ New York. 


BOSTON PEST GEABORA TORIES, 


446 Tremont Street, Boston, Mass, 
Albert Sauveur, Manager. 
Publishers of the ‘‘Metallographist.’’ 


BOUGLISE, GEO. de La, 


MINING ENGINEER, 


80 Rue Taitbout, Paris, France. 


BRADLEY, FRED W., 
MINING ENGINEER, 


Crocker Building, San Francisco, Cal. 
Cable Address: ‘‘Basalt, San Francisco.’’ 
Bedford MeNeill’s Code. 


BREWER, WM. M., 
MINING ENGINEER, 
P. O. Box 571, Victoria, British Columbia. 


BROWN, AMOS. P., EME Pa.D:, 


GEOLOGIST AND MINING ENGINEER, 
University of Pennsylvania, 
Philadelphia, Pa. 


BROWN, CONY: F;, 


MINING ENGINEER, 


Socorro, N. M. 


BURR, WM. ANTHONY, 
CONSULTING ENGINEER, 
Parral, Chihuahua, Mexico. 


Superintendent and Engineer of Mines, Hidalgo Min- 


ing Company. 
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ARPENTER & CARPENTER, 
MINING AND METALLURGICAL 
ENGINEERS. 
Equitable Building, Denver, Colo. 
Cable Address: ‘‘Carpenter,’’ Denver, Colo. 
Franklin R. Carpenter, M.A., Ph.D., Arthur Howe 
Carpenter. 


(COMSTOCK, THEO: B. Dri-Sc, 


MINING AND METALLURGICAL ENGINEER, 
534 Stimson Bldg., Lcs Angeles, Cal. 
Cable Address: JIBICO, Los Angeles. 

Reports, Management, Consultation. Many years 
of successful practice. Large experience with for- 
eign clients. Uspecially familiar with California, 
Arizona, Nevada, Colorado and Mexico. Business 
wholly in interest of investors. 


(CONDER, HARTWELL, 
M. A. Camb, A.R.S.M., London. 
MINING ENGINEER. 


Mining Properties surveyed and reported on. 
Ores Sampled and Assayed. 


LAUNCESTON, TASMANIA, 


DARLING, LBs 


METALLURGIST, CHEMIST AND ASSAYER. 
Determines the value of mines and best methods 
of working. Makes a specialty of Cyaniding Works. 

Parcels of ore from 100 Ibs. to 10,000 Ibs. 
79 Sabin St., Providence, R. I. 


[)ARLINGTON, WAYNE, 


CONSULTING MINING ENGINEER AND 
METALLURGIST, 


Real Estate Building, 
Philadelphia, Pa. 


[)ICKMAN, MACKENZIE & POTTER 


MINING ENGINEERS, METALLURGISTS, 
CHEMISTS, 


1120 Rookery Building, Chicago. 


WIGHT, ARTHUR S., 

METALLURGIST AND MINING ENGINEER 
Compania Metallurgica, Mexicana. 

27 William St., New York, and San Luis Potosi, Mex. 

NGINEERING CO. OF AMERICA, 
August Roesler, General Manager. 


Consultation on all matters pertaining to Mining, 
jhemical, Hydraulic, Civil, Mechanical and Electrical 
Engineering. 


141 Broadway, New York. 
Codes used: A B C, Western Union and Commercial. 


ARISH, WM. A., 
MINING ENGINEER, 
806 Equitable Building. 
Cable address: ‘‘Bilfarish,’’ Bedford McNeill Code. 


ERRIERY Wey 3B. 3A Se:) BieGoS,, 
CONSULTING MINING ENGINEER 
AND GEOLOGIST, 


Rossland, British Columbia. 


Manager Gooderham-Blackstock Mining Syndicate. 
Late Lithologist to the Geological Survey of Canada. 
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FPORRESTER, Roe SE, 


GEOLOGIST AND MINING ENGINEER, 
Salt Lake City, Utah. 


Hxamines, reports and adyises on method of opening 
and operation of mines, 


FULTON, JOHN, 
Reports on all Mineral Properties. 
; Johnstown, Pa. 
Specialties: Coal Mining, Iron Ore Mining, Manu- 
facture of Coke. 
( -ILCHRIST, PETER OSS 


CHEMICAL ENGINEER, 
Charlotte, N. C. 
and Fertilizer Plants 


pal AGGOTT, ERNEST A.,, 


METALLURGIST AND MINING ENGINEER, 


Prescott, Ariz. 


Sulphuric Acid a Specialty. 


HAWKINS, EDWIN N., 


METALLURGICAL AND MINING ENGINEER, 
208 Opera House Bldg., 


Denver, Colo, 


HUNTLEY, DWIGHT B., 


MINING ENGINEER AND 
METALLURGIST, 


P. O. Box 413, Bulwayo, Rhodesia, S. Africa. 
ke eres, WS. 


MINING ENGINEER, 


Pacific Union Club, San Francisco, Cal. 
K LEPETKO; FRANK, 


CONSULTING MINING AND METALLURGICAL 
: ENGINEER. 

Specialty: Metallurgy of Copper and Construction 
and Operation of Copper Reduction Works. 
Formerly Manager Boston and Montana Con. Cop- 
per and Silver Mining Co., and 
Mining Co.’s Reduction Works. 

Bowling Green Building, New York. 


LEDoux cS COs 
ASSAYERS AND ORE SAMPLERS, 
99 John Street, 


New York, 


EGGETT, THOS. HAIGHT, 
CONSULTING MINING ENGINEER, 
Care of Messrs. S. Nenmann & Co., 
Salisbury House, London Wall, London, E. C., 


England. 
\{ cDERMOTT, WALTER, 


MINING ENGINEER AND METALLURGIST. 
43 ‘Threadneede St., London, E. C., England. 


Anaconda Copper 


CONSULTING MINING ENGINEERS, 


Gordon McLean, Frank H. Probert, 

20 years Mining Supt. A. R. S.-M, 
Detroit Copper Co.’s Mines, Morenci, Ariz. 

Properties examined and reported on. Advice 
given relative to systematic development and man- 
agement of mines. 

Cable address: ‘‘Leanbert,’’ Los Angeles. Code: 
Bedford MecNeill’s, 230-231 Bradbury Bldg., Los An- 
geles, Cal. 


MAYNARD, GEORGE W., 


CONSULTING MINING AND METALLURGICAL 
ENGINEER, 


Room 51, No, 20 Nassau St., New York. 


MOECHEL, J. R., Dr. PHIL., Ph. M, 


KANSAS CITY, MO. 


Analyses, Assays. 


Metallurgical Processes, 
Consulting Chemist and Metallurgist for 
American Copper Co., New York. 
National Gold & Copper Co., Arizona. 


VI UNROE, HALL & HOPKINS, 
ANALYSTS, ASSAYERS & ENGINEERS, 
Plants designed, processes tested and developed. 
Advice in Patent Causes. 

Fourteenth St. and New York Ave., N. W.,, 
WASHINGTON, D. C. 


address: Muhaho. 
Long Distance Telephone No. 


Cable 
Main 2533-y. 


N ICHOLSON, HUDSON H;, 


CONSULTING MINING ENGINEER, 
Rooms 216 and 217 Boston Building, 
Denver, Colo., U. S. A. 


()LCo1 Yr, CORNING & PEELE, 
CONSULTING MINING AND METAL- 
LURGICAL ENGINEERS. 
Eben Erskine Olcott, 
Christopher R. Corning, 
Robert Peeie, 
86 Wall St., New York. 


PACKARD, Glo Ac. 
METALLURGIST AND MINING ENGINEER, 
Permanent Address: 18 Lafayette St., 
WAKEFIELD, MASS, 


PETERS, EDWARD_D., 
MINING ENGINEER AND METALLURGIST, 


Address letters and telegrams 38 Percival St., 
DORCHESTER, MASS. 


New York Office; 71 Broadway, Room 1206. 
Cable “‘Peters,’’ Boston. 


PETRE, REGINALD W., 


MINING ENGINEER, 
712 St. Paul St., Baltimore, Md. 


ITTSBURG TESTING 
LABORATORY LTD., 


McLEAN & PROBERT, 


Address: 


a 


INSPECTING AND METALLURGICAL 


ENGINEERS AND CHEMISTS, 
325 Water St., Pittsburgh, Pa, 


a 


=a 


Serer 


| PRATT, N.. P. LABORATORY, GPILSBURY, E. GYBBON, 
ATLANTA, GEORGIA, CONSULTING MINING AND CIVIL ENGINEER 
Assays and Analyses, Chemical Engineering. AND METALLURGIST, 


45 Broadway, New York. 
Cable Address: ‘‘Spilroe,’’ New York. 


RAYMOND, ROSSITER W., 


MINING ENGINEER AND METALLURGIST, |—_ ee 
99 Joha St., New Zerk. (P. 0. Box 223.) S rALMANN, OTTO, 


ICHARDS, ROBERT H., 
Professor of Mining Engineering and Metallurgy 
Massachusetts Institute of Technology. Salt Lake City, Utah. 


BOSTON, MASS. ie = 
Investigates and advises on methods of concen- TANLEY, HENRY M., 


MINING AND METALLURGICAL ENGINEER, 


trating ores. ASSAY AND CHEMICAL LABORATORY, ; 
= ayes Apartado Postal 856, City of Mexico. 
RICKE! TS & BANKS, Correspondence in relation to preliminary reports 
by competent local engineers solicited for foreign 
ASSAYERS, METALLURGISTS AND corporations. 


MINING ENGINEERS. STORRS, LUCIUS Se = 
104 John St., New York. 


See page 954. GEOLOGIST, 
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BOUND IN CLOTH. ILLUSTRATED, PRICE $4.00. 


This work has been specially prepared for the use of all students in this great depart- 
ment of chemical science. The difficulties which beset beginners are borne in mind, and 
detailed information has been given concerning the various manipulations. All enumera- 
tions of species as far as possible have been carried out in alphabetical order, and in the 
determinative tables more attention has been paid to the physical characteristics of sub- 
stances under examination than has ever yet been done in a work of this kind. To a 
compilation of all the blowpipe reactions heretofore recognized as correct the author has 
added a number of new ones not previously published. The entire arrangement of the 
volume is an original one, and to the knowledge born of an extensive practical experience 
the author has added everything of value that could be gleaned from other sources. The 
book cannot fail to find a place in the library or workshop of almost every student and 
scientist in America. 


TABLE OF CONTENTS 


Chapter I.—Appliances and Reagents required for Qualitative Blowpipe Analysis. 

Chapter II.—Methods of Qualitative Blowpipe Analysis. 

Chapter III.—Tables giving Reactions for the Oxides of Earth and Minerals. 

Chapter IV.—Prominent Blowpipe Reactions for the Elements and their Principal Mineral 
Compounds. 

Chapter V.—Systematic Qualitative Determination of Compounds. 

Chapter VI.—Determinative Tables and their Application. 
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NEW YORK: LONDON: 
261 Broadway. 20 Bucklersbury. 
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NOTES ON 


AD AND COPPER SMELI 


—AND— 


COPPER CONVERTING 


BY 
H. W. HIXON. 


NEW AND REVISED EDITION, OCTAVO CLOTH, WITH ILLUSTRA- 
TIONS AND WORKING DRAWINGS, PRICE $3.00. 


THE ENGINEERING AND MINING JOURNAL, 


NEW YORK: LONDON : 
261 Broadway. 20 Bucklersbury. 


The Copper Handbook 
For 1903. 


will be issued in January, 1903. It will cover the entire copper industry as thoroughly as is possible 
within the limits of a single volume, treating of the history, mineralogy, chemistry, geology and metal- 
lurgy of copper. It will also contain a very complete (and original) glossary and the most compre- 
hensive statistical tables on copper prepared for any publication. 

The principal sections of the book will be devoted to copper deposits and copper. mines. The 
various copper bearing districts, developed and undeveloped, will be reviewed in detail, a vast amount 
of matter having been secured from original sources in all parts of the globe, all treated in alphabetical 
order, from Abyssinia to Zululand. The chapters devoted to mines, comprising the major part of the 
volume, will 


TREAT OF 2,000 COPPER MINES. 
and copper mining companies, scattered from New Zealand, on the south, to the Norwegian mines north 
of the Arctic Circle. Direct returns from these mines will be secured in the majority of cases. 
PRICES AND TERMS. 

Owing to the increased size and scope of the next annual issue, which will cover the entire globe, 
the price of the 1903 edition will be increased to $5 in buckram and $7.50 in full library morocco. This 
work will be mailed to any address on the habitable globe on APPROVAL without any advance payment 
whatever, and all charges will be cancelled if book is returned within one week of receipt, if unsatisfac- 
tory. 

This is probably the most liberal offer ever made by any publisher, and indicates confidence in the 
merit of the work. 

Further details will be supplied on request, but the easiest way to determine the value of the work 
is to order it sent on approval. The only obligation so incurred will be that of return postage, probably 
about 25 cents, in case the book doesn’t suit. Address the author and publisher, 


HORACE J. STEVENS, 
309% South Street, Houghton, Mich., U. S. A. 
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Artists’ Materials, Mathematical Instruments. Catalogues, Price 
Lists and Samples of our various departments on application, 


ee andi nn ee > NPT AV UN ke a 


2a Eat Sd 


x SASS A eet 


ee | : 


ining and 
etallurgy 


THE MOST INFLUENTIAL AND WIDELY CIRCULATED MINING 
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FOUNDED BY 


RICHARD P. ROTHWELL, me, cer. 


ABSOLVTELY INDISPENSABLE TO THE PROSPECTOR, MINER, CHEMIST, ENGINEER, 
METALLVRGIST, MERCHANT, MANUFACTURER, BANKER, INVESTOR AND LEGISLATOR. 


SUBSCRIPTION PRICE 
Including Postage, Per Year. 


For United States, | For Foreign Countries | 
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English Subscriptions may be paid at London office at rate of $7=£1 8s 9d. 


PUBLISHED WEEKLY. 


The Engineering and Mining J ournal, (Inc.) 


PUBLISHERS, 
NEW YORK: LONDON: 


261 Broadway. 20 Bucklersbury. 


EARCH INSTITUTE 


TI wnt 


3 3125 01472 699 


ee ase raat 


Conptv Hd bedi bicayg (bet epngg yep atest 


i Z oy ‘ ie pb ierstires i“ sieagtress reeddeten ies egnLeayer sandr dies bag eee rab Sai4t Uelriesieets tbtinenguesertpdakaqedgy sate i ihe 
can heivenbipita Ligize ryt i } ‘ sil st " Ts i agtot relist a tn te 1 ‘ 


fi Rit 


beets, Sacereany 
eid ARSED ENTE potTTII es feddss 


Shit 


te 
ic sad 


Perey aa 


aos 


